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ThiSySecond  volume  of  the  Global ^2000  study  presents 
^  technical  report  of  detailed  projections  and  analyses.  It  is  a  U.S.. 
government  effort  to  present  a  lonij-term  global  perspective  on. 
population,  resources,  and  environment.  The  volume  has  four -parts. 
Approximately  half  of  the  report,  part  one,  deals  with  projections  ' 
for  the  future  in  the  area's  of  population,  gross  national  product, 
climate,  technology,  food,  fisheries,  f'lrestrj,  water,  energy,  fuel 
minerals,  nonfuel  minerals,  and  environment.  Pai^t  'two  analyzes  these 
same  projection  areas  of  the  government's  model  in  relatively  ' 
nontechnical  terms.  The  third  part  examiner  five  global 
models— Worlds  2  and  3,  Mesarovic-Pestel  World  Model,  Mo^el  of 
International  Relations  in  Agriculture  (MOIRA),  the  Latin  American 
World  Model,  and  the  United .Nation ' s  World  Model.  Finally,  in  the 
fourth  part  the  structure  and  results  of  these  same  global  models  are 
compared  with  the  government's  global  model.  Although  the  report 
presents  no  policy  recommendations,  the  chapters  presenting  the 
projections  unavoidingly  imply  ways- in  which  the  future  might  be 
improved.  Results  of  a  review  of  previous  work  that  had  similar 
goals,  excerpts  from  criticism  of  the  projections,  embassy  reports  on 
forestry  and  agricultural  trends,  and  metric  conversion  facts  are 
presented  in  four  appendices.  An  index  is  included.  (NB) 
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On  May  23, 1977,  ^sident  Carter  stated  in  his  Environmertal  Message  to 
the  Congress:  k 

Environmental  problems  do  not  stop  at  national  boundaries.  In  the  past 
decade,  we  and  other  nations  have  come  to  recognize  the  urgency  of 
international  efforts  to  pro^erx  our  common  environment. 

As  part  of  this  process:  I  am  directing  the  Council  on  Environmental 
Quality  and  the  Department  of  State,  working  in  cooperation  with  the 
Environmental  Protecticm  Agency,  the  National  Science  Foundation,  the 
National  Oceanic  and  AtAiospberic  Administration,  and  othec  fl^ipropriate 
p  agencies^jo  m^ke  a  one-yc»r  study  of  the  piobable  changes  in  the  world's 
tSopulatim,  natural  resources,  and  environment  throu^  the  end  (rf  the 
^ntmy.  This  study  will' serve  as  the  foundation  of  our  longer-term 
planning. 

Entering  the  Twenty-first  Century  is  the  interagency  report  prepared  by 
the  Global  2000  Study  in  response  to  President  Carter's  directive.  The 
report  comprises  three  volumes:  (1)  an  interpretive  report  that  summarizes 
the  findings  in  nontecLnical  terms,  (2)  thi^  technical  report,  which  presents 
the  projections  and  related  analyses  in  grv^ater  detail,  and  (3)  a  volume  of 
basic  documentatron  on  the  models  u'    k  this  Study. 
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.  Study  Plan  and  Focus 

President  Carter's  purpose  in  requesting  this  Study  was  to  understand  the 
tong-term  implications  of  present  policies  and  programs  and  to  establish  a 
foundation  for  bnger-range"  planning.  Such  a  foundation  cannot  be  estab* 
lished'by  merely  publishing  official  projections.  An  assessment  and  a 
strengthening  of  the  Government's  current  analytic  capabilities  is  also 
needed. 

Accordingly,  it  was  decided*  early  that  the  Global  2000  Study  should 
exercise  and  employ  the  '^present  foundation"  to  the  fullest  extent  possible. 
As  a  result  the  Study  has  been  conducted  almost  exclusively  with 
Government  personnel  and  Government  projection  tools.  Research  and 
data  from  outside  the.  Government  were  used  only  when  needed  capabiUties 
and  information  within  the  Government  were  not  available. 

It  was  also  decided  that  methodologies  underlying  the  Study's  projections^ 
should  be  carefully  described.  Therefore,  Chapters  14  through  23  of  this 
technical  report  contain!  an  analysis-^  relatively  nontechnical  terms — of 
every  model  and  analytical  tool  used  to  project  trends  for  this  Study. 

Entering  the  Twenty-First  Century  builds  upon  the  work  of  a  number  of 
important  Government-sponsored  organizations  that  preceded  it,  including:  , 

National  Commission  on  Supplies  and  Shortages  ( 1975) 
Advisory  Committee  on  National  Gro\Yth  Polity  Processes  (1975) 
National  Growth  Reports  Staff  (1972) 

(Commission  on  Population  Grov/th  and  the  American  Future  (1972) 
National  Conrunission  o{\  Materials  Pblicy  (1970)  , 
National  Goals  Research  Staff  (1%9) 
Public.Land  Law  Review  Commission  ( l%5) 
Presiderit*s  Commission  on  National  Goals  (1960) 
Outdoor  Recreation  Resources  Review  Commission  U958) 
President's  Mateiials  Policy  (*Talcy'  )  Commission  (1951) 
National  Resources  Planning  Board  (1939) 

The  Work  of  these  organizations  has  :ontribute(|  significantly  to  the 
Government's  present  foundation  of  tools  for  longer-range  planning  relating 
to  population,  resources,  and  environment,  and  one  of  the  Study's  first 
priorities  was  to  review  and  assess  the  impact  of  thi^  earlier  work.  The 
results    this  historical  review  are  summarized  in  Appendix  A. 

Perhaps  the  most  striking  feature  of  this  review  is  the  very  existence  of  a 
70-year  record  of  Government  concern  with  issues  relating  to  population, 
resources,  and  environment — issues  that  are  often  thought  of  as  new.  There 
are,  however,  several  genuinely  new  features  emerging  in  the  most^ recent 
studies,  interdependence  being  perhaps  the  most  important.  The  early 
studies  view  population,  resources,  'Md  environment  primarily  as  unrelated 
short-term,  national  (regional,  or  even  local)  topics.  Only  in  the  most  recent 
studies  docs  the  interrelatedness  of  these  three  topics  come  increasingly 
into  focus. 

The  present  Study  is  the  fvst  Government  study  to  address  all  three 
topics  from  a  relatively  long-term,  global  perspective.  It  also  attempts  to 
emphasize  interconnections  and  feedback,  but  in  this  much  remains  to  be 
done. 


The  basic  r''n  for  thf  Global  2000  Study  was  to  identify  the  long-tenn 
global  models*  currently  used  by  Government  agencies  and  to  establish  a 
set  of  uniform  assumptioiis  so  that  thfse  models  and  tools  could  l?e  used  by 
the  agencies'  projection  experts  as  a  single,  intehiaUy  consistent  system. 
Since  the  models  a(id  tods  used  in  this  Study  are  the  oaea  now  employed 
by  the  agencies  in  their  long-term  global  analyses,  they  reflect  the  present 
foundation  for  long-term  planning.  CoDectively,  therefore,  these  models  and 
tools  can  be  thought  of  as  the  Government's  present  "global  model." 

The  elements  of  the  Government's  global  model  were  not,  of  course, 
designed  to  be  used  together  as  an  integrated  whole.  The  cocjstituent 
models  were  developed  separately  and  at  different  times  to  serve  th(C 
various  projection  needs'  of  individual  agencies.  As  a  result,  there  are  certain 
inconsistencies  in  the  Government's  overall  globa!  model.  These  inconsist- 
encies an^  the  individual  constituent  models  are  described  and  analyzed  in 
Chapters  14  to  23.  While  some  of  the  inconsistencies  were  eliminated  . 
during  the  Study,  difficulties  were  encountered  ia  linking  the  agencies' 
models  together  and  in  synthesizing  the  projections  into  a  coherent  whole. 

A  group  of  outside  experts  (listed  in  the  acknowledgments)  met  with  the 
agency  experts  and  the  Study  staff  to  assiit  in  synthesizing  the  projections. 
This  group  had  many  criticisms.  Some  of  the  problems  noted  were 
corrected;  others  could  not  be.  Excerpts  from  the  criticisms  are  included  in 
Appendix  B. 

In  spite  of  remaining  weaknesses,  the  projections  reported  in  Chapters  1 
through  13  present  an  important  and  useful  picture  of  the  future.  Assuming 
continued  tschnotogical  progress  (but  no  departures  from  present  public 
policy),  the  picture  that  emeiges  is  one  of  only  mode&t— if  any—global 
increase  in  human  welfare.  In  fact,  there  is  real  risk  that  population  growth 
and  environmental  degradatkMi  may  lead  to  a  significant  decrease  in  welfare 
in  parts  of  the  world  by  2000.  (See  appendix  C  for  examples  of  this 
phenomenon  abieady  being  observed.)  Furthermore  unless  present  efforts 
to  meet  human  expectatkms  and  basic  human  needs  are  m6dified  between 
now  and  2000,  they  may  undermine  bkriopcal  capabilities  to  meet  basic 
needs  early  in  the  21st  century.  Finally,  Chapter  31  suggests  that  the 
projections  behind  this  picture  wouM  be  still  more  sobering  if  it  had  been 
possible  to  correct  the  remaining  inconsistencies  in  the  analysis  and  to 
<-sui^ly  the  missing  linkages. 

The  projections  were  developed  assuming  no  change  in  pubUc  policy,  t 
Cleariy  polky  changes  will  be  made,  and  these  changes  will  have  important 


•  The  agencies  guided  the  selection  of  these  models  and  tools.  Emphasis  was  placed  on 
models  that  are  (1)  tong-term.  (2)  global,  and  (3)  used.  / 
t  Exceptions  to  Uii'i  rule  wer  made  in  the  population  projections  and  the  projections  of 
energy  impacts  or  the  environment.  The  population  projections  assumed  that  counuies 
that  do  not  already  do  so  will  make  family  planning  services  available  to  an  appreciable 
portion  of  their  populations  during  the  1975-2000  period,  and  that  countries  with  famOy 
planning  programs  now  in  operation  will  extend  coverage,  particularly  in  rural  areu.  The 
projections  of  energy  impacts  on  tiie  environment  assume  that  all  countries  will  have 
implemented  U.S.  new-»oL.'ce  emission-sundards  by  1985  at  all  energy-conversion 
faciUties. 
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effects  on  long-term  trends  EquaUy  cleariy,  improved  topis  are  needed  to 
analyze  and  evaluate  alternative  policies  if  optimal  choices  to  be  made. 
'  Since  only  one  policy  option — no  policy  change — was  analyzed,  the 
Study  is  not  an  adequate  basis  for  detailed  policy  recommendations. 
Consequently,  no  detailed  policy  reconunendations  are  made,  but  the 
chapters  i»esenting  the  prcgections  and  those  presenting  the  analysis  of  the 
projection  tools  (see  the  fdlowing  table)  unavoidably  imply  ways  in  which 
both  tte'proj^tions  and  the  fiituir  might  be  improved. 

The  Study  lUan  also  called  for  the  examination  of  ^temative  methodolo- 
gies for  projecting  longer-term  global  trends  .on  an  integrated  basis.  Since 
the  early  1970s,  when  the  Club  of  Rome  sponsored  the  first  gl6bal  model  to 
examine  tongcr-tefm  trends  involving  population,  n'.sburces  and  the  environ- 
ment, there  have  been  several  private-sector  attempts  to  develop  internally 
consistent  global  models  from  a  variety  of  differing  perspectives.  At  least 
five  global  models  now  exist.^  Chapters  24  to  31  examine  these  models  and 
conrqpare  their  results  and  structures  with  the  GovemmeiU^s  global^  model. 
Most  of  the  non-Government  global  models  conttiin  many  more  feedback 
linkages  than  it  has  been  possible  to  achieve  in  this  Study  with  the  agencies' 
models.  Chapter  31  describes  the  results  of  experiments  in  which  feedback 
linkages  in  *two  gk>bal  nuxlels  were  cut  to  make  these  two  models  more 
ctoscly  resemble  the  linkages  achieved  by  this  Study  among  the  agencies* 
models.  Projections  from  these  two  gk>bal  models  are  distinctly  more 
optimistic  when  the  feedback  linkages  are  missing  (as  they  are  in  the 
Government's  global  model)  than  when  the  linkages  are  present.  * 
'  *  Finally,  it  shouki  be  stated  that  this  is  the  first  time  the  Government  has 
attempted  such  a  broad  study,  and  difficulties  iin  interagency  coordination 
of  analyses  and  assumptions  were  encountered  oh  an  enormous  scale. 
Resolving  dL  the  inconsistencies  received  the  first  priority  of  attention,  and, 
in  spite  of  time-extensions,  o^r  important  (but  less  urgent)  objectives  thus 
proved  to  be  unattainable.  For  example,  there  is  an  unevenness  in  style  in 
the  chapters  of  this  volumf .  There  is  no  indication  of  the  uncertainty 
associated  with  most  of  the  numbers  reported,  and  in  several  {daces  results 
a*e  reported  as,  for  example,  ''3.745816352/*  when  what  is  really  meant  is 
''4,  irius  or  minus  50  percent.  *  It  was  intended  originally  to  use  metric 
units  throu^ut  foUowed  by  values  in  other  units  in  parentheses;  'instead, 
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t|ic  ftpon  contains  a  mixture  cf  metric  and  other  units-  (To  help  the  reader 
with  the  unift  problem,  Appendix  D  provides  an  extensive  set  of  conversion 
tables.)  A  consistent  grouimig  rf  countries  by  region,  with  individual  detail 
provided  for  a  small  set  of  representative  countries,  was  desired,  but 
current  methodological  differences  underlying  the  agenc^s'  projections 
inade  this  impossible^  the  tiilie  available,  problems  of  this  sort  were  - 
simply  unavoidable. 


Literally  hundreds  of  people  contributed  in  one  way  or  another  to  this 
Study,  and  at  different  points  each  contribution  was  vitally  important. 
Initially,  the  members  of  the  executive  groyp^  (listed  eariicr)  made  the 
project  possible  by  establishing  guidelines  and  providing  the  necessary 
budget. 

The  agency  coordinators  (also  listed  eariicr)  played  a  vital  role  throughout 
in  helping  to  identify  persons  in  their  agencies  who  could  provide  data  and 
analysis.  Five  persons— Geoige  M.  Bcnnsky;  Lindsey  Grant,  Ddlores 
Gregory,  Donald  King,  and  Lee  M.  Talbot— played  particul^riy  important 
roles  in  the  developed  of  the  papers  setting  forth  theinitiU  concept  of  the 
Study.  ^ 


The  hardest  work— the  detafled  preparatk)n  of  the  projections— was  done 
by  a  group  of  experts,  most  of  whom  were,  already  more  than  fully 
occupied  with  other  woric  before  this  study  came  along,  but  somehow  they 
managed  to  find  time  to  complete  their  ccmtributions  to  the  study.  These 
experts  and  their  contribution^  are: 
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1   Introduction  to  the  Projections 


The  President's  1977  Environmental  Message 
required  the  Global  2000  Study  to  develop  projec- 
tions of  trends  in  population,  resources,  and  the 
environnient  for  the  entire  world  thro>ith  the  year 
2000.  There  is  nothing  uniquely  significant  about 
the  year  2000,  however,  and  the  projections 
reported  in  this  volume  are  not  intended  to  be 
precise  estimates  for  particular  years.  They  are, 
instead,  broadly  indicative  of  the  direction  in 
which  nuuor  trends  point. 

Smilarly,  it  must.be  stressed  that  the  resulte  of 
this  study  are  projections,  not  forecasts.  Forecasts 
are  attempts  to  predict  the  future,  which,  of 
courM,  is  influenced  by  public-policy  decisions. 
In  contrast,  this  study  projects  foreseeable  trends 
under  the  assumption  that  present  policies  and 
policy  trends  continue  without  mqjor  change.  *  In 
a  sense,  the  projections  are  interred  to  be  self- 
defeating,  in  that  the  basic  purpose  of  the  Presi- 
dent's directive  was  to  establish  a  foundation  for 
longer-term  planning-^which  in  turn  should  lead 
to  policy  changes  aimed  at  altering  the  projected 
trends. 

A  considerable  amount  of  lonfer-range  analysis 
and  planning  was  already  being  conducted  by 
various  federal  agencies  prior  to  this  study,  but 
usually  only  in  response  to  the  planning  require- 
ments of  the  agencies*  individual  areas  of  respon- 
;ibility.  As  a  result,  most  lonjer-term  government 
projections  tend  to  focus  on  a  single  factor, 
directly  relevant  to  the  sponsoring  agency's  area 
of  responsibility  (for  example,  food  or  population), 
without  adequate  consideration  of  the  interrela- 
tions and  feedback  involved  in  a  world  system  in 
which  population,  resources,  and  the  environment 
are  all  interacting  variables. 

As  the  President's  directive  establishing  this 
study  makes  clear,  however,  the  time  has  passed 
when  population  (or  eneigy,  or  food,  or  clean  air, 
or  public  health,  or  employment)  can  be  consid* 
ered  m  isolation.  In  establishing  a  fouridation  for 
longer-range  analysis  and  planning,  ways  must  be 
found  to  better,  understand  the  linkages  and  inter- 
actions among  these  important  elements. of  the 
world  system. 

dttcusncd  in  Chapter  U  and  sumnanzed  in  Table  14-2. 
sotnc  policy  changes  were  nevertheless  assumed  in  devel* 
oping  the  projecitons 


The  Study  Plan 

The  approach  used  in  the  Gk>bal  2000  Study 
was  relatively  simple.  Each  of  the  partkipating 
agencies  was  asked  to  make  projectbns  using  the 
projectk)n  tools  it  currently  employs  in  making 
long-term  projectkms.*  The  assignments  were  as 
folk)ws: 


Population: 
GNP: 


Climate: 


Technology: 


Bureau  of  the  Census  and 
Agency  for  Intematk)nal 
Devetopment. 

Gk>bal  2000  Study  staff, 
with  assistance  from  the 
Agency  for  Intematkmal 
Devek>pment,  Central 
Intelluence  Agency,  and 
WorldBank. 

Natkmal  Oceanic  and 
Atmospheric 
Admintstratk>n, 
Department  of  Agriculture, 
Natkmal  Defense 
University,  and  Central 
Intelligence  Agency. 

The  Global  2000  Study 
staff,  with  assistance  from 
participating  agencies. 


*  Emr>hasis  was  placed  on  models  thai  are  (I)  global.  (2) 
long-term,  and  (3)  used.  The  government  has  large  numbers 
of  other  nnodels.  some  of  which  include  more  feedback  and 
interactions  than  the  nKKkls  used  m  this  Study  'Vhe  models 
chosen,  however,  are  the  global,  long-term  models  most 
often  used  by  the  agencies  in  their  long-term  planning  and 
analysts.  Broad  surveys  that  include  other  government 
models  are  provided  in  A  Guide  to  Models  in  Governmental 
Ftanning  and  Operations,  Oflke  of  Research  and  Develop- 
ment. Environmental  Protection  Agency.  Washington.  D  C  . 
Aug.  1974.  and  in  G.  Fromm.  W,  L  Hamilton,  and  D.  E 
Hamilton.  Federally  Supported  Mathematical  Models.  Sur- 
vey and  Analysis,  National  Science  Foundation,  Washing- 
ton. D.C..  June  1974.  A  discussion  of  the  evolving  role  of 
models  in  government  is  provided  by  M.  Greeni^efger.  M 
A^Crenlon.  and  B.  L  Crissey  in  then  Models  in  the  Poltcx 
Process.  Russell  Sage  Foundation.  New  York.  1976.  and  in 
CongreitionaJ  Research  Service.  Computer  Simulation 
Methods  to  Aid  National  Growth  Policy,  prepared  for  the 
Subcommittee  on  Fisheries  and  Wildlife  Conservation  and 
the  Environment.  U.S.  House  of  Representatives.  Washing- 
ton: Government  Printing  Offke.  1973. 
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Pood: 
Fisheries: 


Forestry: 


Water: 

Fuel  Minerals; 
Nonfuel  Minerals: 


Eneify: 
Environment: 


Department  of  Agriculture. 

National  Oceanic  and 
Atmospheric 

Administration  and  outside 
consultants. 

Central  Intelligence 
Agencv,  with  assistance 
from  the  DepfUtment  of 
Agriculture,  Department  of 
State,  and  Agency  for 
International  Development. 

Department  of  the  Interior, 
with  assistance  from 
outside  consultants. 

Department  of  Energy, 
with  assistance  from  the 
Bureau  of  Mines  and  the 
Geological  Survey. 

The  Glot»il  2000  Study 
staff,  witn  assistance  from 
the  Department  of  the 
Interior  and  outside 
consultants. 

Department  of  Energy. 

The  Global  2000  Study 
staff,  with  assistance  from 
the  Environmental 
Protection  ij^gency.  Agency 
for  International 
Development,  and  outside 
consultants.  ' 


This  approach  has  had  both  advantages  and 
disadvantages.  It  was  a  distinct  advantage  tp  be 
aWe  to  move  ahead  quickly,  using  previously 
developed  tools,  it  was  also  an  advanti«e  to  be 
able  to  test  and  evaluate  the  existing  long-t^rni 
analytical  capabilities  of  the  government.  It  vas  a 
disadvantage  to  use  prelection  tools  that  do  not 
lend  themselves  easily  to  the  analysis  of  the  many 
interactions  among  population,  resources,  and 
environment.  It  was  also  a  disadvantage  that  these 
analytical  tools  require  that  the  prelections  be 
undertaken  sequentially.  This  last  point  needs 
expianalk>n. 

Future  environmental  trends  depend  in  laige 
measure  on  demands  for  resources  (minerals, 
enwgy,  food,  water,  etc.);  therefore,  the  environ- 
mental  trends  cannot  be  projected  and  assessed 
until  relevant  resource  projections  have  been  . 
completed.  However,  the  demand  for  resources 
depends  on  the  number  of  people  and  their 
income,  as  well  as  on  policy,  climate,  and  tech- 
nology. In  the  real  worW  (and  in  more  interactive 
models)  all  of  these  variables  evolve  and  interact 
corttinuously,  but  with  the  govenwnent  s  present 


tools,  the  projections  must  be  made  independently 
and  sequentially. 

The  sequential  approach  used  in  this  study  is 
illustrated  in  Figure  I— I.  The  first  step  is  the 
establishment  of  policy  assumptions  (assumed 
constant  in  this  study),  followed  by  projections  of 
population,  GNP,  technok)gy,  and  climate.  These' 
assumptions  and  projections  are  necessary  inputs 
to  tne  resource  projections  in  the  second  step. 
The  resource  projections,  in  turn,  are  needed  for 
the  environmental  analysis.  It  is  only  throiyh  this 
sequential  process  that  a  measure  of  selfconsist* 
ency,  coherence,  and  interrelationship  is  obtaina- 
ble with  present  government  projection  tools. 

Many  important  linkages,  however,  cannot  be 
established  by  this  sequential  process.  In  particu- 
lar, the  population  and  GNP  projections  that  are 
made  in  the  first  step  are  based  largely  on 
extrapolations  of  past  trei«ds  and  are  uninformed 
by  interactive  feedback  from  the  resource  and 
environmental  orcgections.  The  resouive  and  en- 
vironmental analyses,  howeVer,  project  develop- 
ments that  may  significantly  influence  GNP  and 
population  trends. 

Tht  Projections 

The  agency  experts  were  asked  to  produce  a  ' 
first  draft  of  their  proijections  in  just  six  weeks,  at 
which  time  they,  the  Global  2O00  Study  staff,  and 
a  small  group  of  outside  experts,*  met  for  a. 
weekend  synthesis  meetir^.  Ilie  purpose  of  the 
meeting  was  to  improve  the  consistency  of  the 
pr(>|ections  and  to  begin— at  least  subjectively— to 
consider  the  implications  of  the  resource  and 
environmental  projections  for  the  independently 
derived  projections  of  GNP  and  population.  So 
unusual  is  this  type  of  agency  interaction  that 
most  of  the  agencies'  long-term  projection  experts 
were  until  then  not  acquainted  with  each  other. 

A  certain  amount  of  difficulty  was  expected  in 
this  preliminary  meeting,  and,  in  fact,  many 
inconsistencies  were  revealed.  The  experts  then 
decided  collectively  how  best  to  ac^ust  aiH)  modify 
the  projections  to  improve  the  internal  consistency 
of  the  whole  set.  The  final  projections  were 
prepared  during  the  following  two  months. 

It  must  be  made  clear,  therefore,  that  the 
projections  reported  in  this  study  are  based  on  the 


•Afine  Cirtcr,  Brandeis  UnivcriUy.  Wtltham.  Mait.:  Ni- 
chotas  G.  Carter,  World  Bank.  Wathmfton.  D.C.;  Anne 
Ehrttch.  Stanford  University.  Sunford.  Calif.;  RCier  Hen- 
riot.  Center  of  Concern.  Washinfton.  D.C.:  Mlhiuto  Meu- 
rovic.  CaM  Western  Reserve  University.  Clcvetand.  Ohio: 
Douglas  Ross/The  Conference  Board.  New  York  City;  and 
Kenneth  E.  F.  Watt,  Univer  itv  of  Caifomia.  Davis. 
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collective  judgment  of  the  agency  experts  who 
participated  in  the  effort.  To  ensure  internal 
consistency,  several  adjustments  were  required  in 
individual  agency  projections.  As  a  result,  the 
projections  may  not  agree  completely  wjth  projec- 
tions previously  published  by  the  participating 
agencies.  Since  the  manuscript  has  not  been 
subjected  to  formal  inters^ncy  clearance  proce* 
cedures,  the  agenci  ;s  are  not  responsible  for  any 
errors  in  fact  or  judgment  that  nuiy  have  occurred. 

One  striking  finding  of  this  study  is  that,  collec- 
tively, the  executive  agencies  of  the  government 
are  currently  incapable  of  presenting  the  President 
with  a  mutually  consistent  set  of  projections  of 
world  trends^  in  population,  resources,  and  the 
environment/  While  the  projections  presented  in 
the  chapters  that  follow  are  probably  the  most 
internally  consistent  ever  developed  with  the  long* 
range,  global  models  now  used  by  the  agencies, 
they  are  still  plagued  with  inadequacies  and  incon- 
sistencies. 

While  the  analyses  are  admittedly  imperfect, 
they  are  still  highly  useful.  This  is  the  first  time 
that  an  eltat  has  been  rnade  to  apply— collec- 
tively and  consistently— 4he  global,  long-range 
models  used  by  the  government.  Careful  attention 


was  given  throughout  to  introducing  as  much 
feedback  and  interaction  as  possible.  The  resulting 
projections  arc  certainly  suflRcient  to  indicate  the 
general  nature  and  direction  of  .the  trends.  Fur- 
thennore,  as  discussed  in  Chapter  31,  the  inade- 
quacies  and  inconsistencies  that  remain  generally 
tend  to  make  the  projections  morc  optimistic  than 
they  woukl  be  if  it  had  been  possible  to  eliminate 
the  inadequacies  and  inconsistencies.  The  projec- 
tions therefore  establish  a  "best-case  '  analysis  in 
that  (given  the  assumptions  of  steady  technologi- 
cal progress,  but  no  public-policy  changes)  im- 
proved analysis  is  likely  to  assign  more  impor- 
tance—rather than  less— to  future  problems  of 
population,  resources,  and  environment. 

Finally,  analysis  of  the  limitations  and  weak- 
nesses in  the  models  now  in  use  (see  Chapters  14 
through  23)  provWes  a  basis  for  developing  and 
introducing  improved  models.  The  issues  are 
important.  Population,  resoyrces,  and  environ- 
ment are  long-term,  global,  highly  interrelated 
issues,  not  likely  to  disappear  without  further 
attention.  Improved  methods  of  analysis  are 
needed  to  better  understaiKi  the  future  implica- 
tions of  present  decisions  and  policies.  Given 
adquate  coordination  and  the  necessary  resources, 
better  nKxlels  can  be  developed. 
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Population  projections  comprise  one  of  the 
basic  prerequisites  for  predicting  and  planning  for 
future  needs  in  s\'^h  areas  as  food,  energy, 
employntent,  community  facilities,  and  social 
services.  It  would  be  ideal  to  have  a  single 
forecast  of  population  ofi  which  there  was  general 
agreement.  However,  since  the  factors  influencing 
population  trends-*-fertility,  mortality,  migration— 
are  not  perfectly  predictable,  projections  usually 
represent  individual  or  collective  judgments  that 
differ  greatly,  even  among  experts,  indeed,  thftre 
^  is  often  even  disagreement  about  the  data  used  as 
the  base  for  projections. 

Because  of  these  inherent- difficulties,  popula* 
tion  estimates  are  presented  in  this  chapter  in 
terms  of  an  illustrative  range,  with  a  high  and  a 
low  series,  representing  the  highest  and  lowest 
population  counts  that  may  reasonably  be  ex* 
pectcd  to  occur,  and  a  medium  series,  represent- 
ing reasonable  expectations,  given  exist:.ig  trends 
and  present  knowledge  of  the  underlying  factors. 

Two  sets  of  population  projections  are  used  in 
the  Global  2O00  Study:  those  made  by  the  U.S. 
Bureau  ^f  the  Census  and  those  made  by  the 
Conununity  and  Family  Study  Center  (CFSC)  of 
the  University  of  Chicago^ 

It  was  decided  to  include  the  CFSC  projections 
along  with  the  Qpnsus  projections  in  \)rder  to 
illustrate  how  such  estimates  are  detected  by 
differences  in  basic  assumptions  about  such  fac- 
tors as  fertility  rates.  For  instance,  the  Census 
Bureau*s  high,  medium,  and  low  projections  of 
world  population  in  the  year  2000  are  14,  8,  and  3 
percent  higher,  respectively,  than  the  correspond^ 
ing  CFSC  projections. 

Along  wit|i  discrepancies  between  the  base-year 
data  used  in  the  two  sets  of  projections  (popula- 
tion estimates,  fertility  rates  and  mortality  rates 
for  1975),  there  are  also  significant  differences  in 
the  way  in  which  each  group  projected  trends  in 
fertility.  Using  a  mathematical  model,  the  CFSC 
,  arrived  at  significantly  more  optimistic  projections 
of  fertility  rates  in  the  year  2000.  Differences 
between  the  two  hiethodologies  will  be  discussed 
further  in  Chapter  16. 

The  projections  by  both  the  Bureau  of  the 
Census  and  the  Community  and  Family  Study 


Center  assume  no  migration;  a  fmal  section  in  this 
chapter  discusses  probable  developments  in  mi- 
gration and  their  possible  effects  on  the  projec- 
tions. 

The  terms  used  in  the  tables  and  the  discussions 
in  this  chapter  are  defined  as  follows: 

Crude  hirth  rate:  The  number  of  births  per 
1,000  persons  in  one  year  (based  on  midyear 
population). 

^  Crude  death  rate:  The  number  of  deaths  per 
KOOO  persons  in  one  year  (based  on  midyear 
population). 

Growth  rate:  The  annual  increase  (or  decrease) 
in  the  population  resulting  from  a  surplus  of  deficit 
of  births  over  deaths  and  a  surplus  or  deficit  of 
migrants  into  or  out  of  the  country,  expressed  as 
a  percentage  of  the  base  population.* 

Rate  oj  natural  increase:  The  annual  increase 
(or  decrease)  in  the  population  resulting  from  a 
surplus  or  deficit  of  births  over  deaths,  expressed 
as  u  perdifcntage  of  the  midyear  population.  The 
natural  increase  of  the  population  does  not  include 
the  migration  of  persons  into  or  out  of  the 
country. 

Total  fertility  rate  (TFR):  The  average  number 
of  children  that  would  be  bom  per  woman  if  all 
women  lived  to  the  etid  of  their  childbearing  years 
and  bore  children  according  to  a  given  set  of  age- 
specific  fertility  rates.  It  is  fi^e  times  the  sirni  of 
the  age-specific  fertility  rates,  divided  by  l,0OO.t 

Bureau  of  the  Census  Projections  ^* 

The  detailed  Bureau  of  the  Census  projections 
are  presented  in  Tables  2>I0  through  2>I4  at  the 
end  of  this  section.  Tables  2^10  and  2-11  include 
estimates  and  projections  for  all  three  series  (high, 
medium,  and  low)  to  provide  an  indication  of  the 


^Average  annual  growth  rates  are  computed  using  the 
compound  growth  formula  r  =  \n{PJP,yi, 
t  Population  projections  usually  employ  total  fenihty  rate  as 
a  unit  of  measure  rather  than  crude  birth  rate,  in  order  lo 
avoid  methodological  difRrullies  pertaining  to  age  composi- 
tion, sex  ratK)$.  and  interaction  between  fertility  and  mor- 
tality 
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range  covered  by  the  projections  and  to  serve  as 
a  basis  for  comparison  with  the  corresponding 
CFSC  projr.Mions,  Tables  2-12,  2-13,  and  2-!4 
show  only  the  medium  range  projections  of  popu- 
lation growth  rates,  mortality  rates,  and  birth 
rates.  Table  2-1  summarizes  the  salient  data  from 
the  Census  estimates  and  projections,  /he  map  on 
the  following  page  illustrates  the  population 
changes  projected  in  the  medium  case. 

Assumptions 

FeriilitY  Awumptums,  The  general  assumptions 
that  underlie  the  Census  projections  with  regird 
to  fertility  are: 

I.  Less  developed  counlnes  will  contmue  to 
make  moderate  progress  in  social  and  economic 
development  during  the  1975-2000  period, 

?  As  less  developed  countries  (LCXTs)  progress 
in  social  and  economic  development,  the  fertility 
level  is  expected  to  decline  more  or  less  continu- 
ously hut  with  some  temporary  plateaus. 

3.  Almost  all  countries  that  do  not  already  do 
so  will  make  family  planning  services  availaole  to 
an  appreciable  portion  of  the  population  dunng 
the  1975-2000  peritxi,  and  countries  with  pres^^nt 
family  planning  programs  will  extend  coverage, 
particularly  in  rural  areas. 


TABLE  2-1 

Bureau  of  Census  Estimates  and  Projections, 
Medium  Series,  Summary  Data,  1975-2000 


Popula- 
tion 

Percent 
of  World 

Annual 
Peice  nt 

Pop 

Groxvth* 

W7S  WoVio 

4  09 

M'jic  developed  regions 
I  ^  *  developed  regions 

I  n 

28 

72 

1980  \hA 

4  47 

I  78 

\oic  developed  regions 

I  17 

26 

068 

I^ess  developed  regions 

3  ^o 

74 

2  18 

m5  World 

4  88 

1  77 

More  developed  regions 

1  2i 

25 

0  70 

Less  developed  regions 

3.67 

75 

2  14 

1990  World 

5  34 

1  78 

More  developed  regions 

1  25 

23 

0  66 

Less  developed  regions 

4  09 

77 

2  14 

199.^  World 

5  81 

:  77 

More  developed  regions 

I  ?9 

22 

0  59 

Less  developed  regions 

4  54 

78 

2  11 

2000  World 

6  3^ 

1  70 

More  developed  region . 

1  32 

21 

0.51 

Less  developed  regions 

5  03 

79 

2  02 

'Annual  percent  growth  fcr  the  preceding  ^  year  peruxl 


4  Knowledge  and  methods  of  family  limitation 
Will  become  better  known  and  will  be  belter  used 
among  populations  that  wish  to  reduce  fertility. 
Expansion  of  family  limitation  practices  will  ex- 
pedite the  process  of  fertility  decline,  and  in 
countries  where  rapid  social  and  economic  prog- 
ress and  strong  desires  for  smaller  families  coin- 
cide, fertility  decline  will  be  very  rapid. 

In  making  projections  for  each  country  or 
legion,  the  Census  Bureau  adopted"  fertflity  levels 
for  the  year  200(^  that  rep'*esemed  in  their  judg- 
ment the  "most  likely"  level,  which  corresponds 
to  the  level  for  the  medium  series.  Specific  fertility 
levels  were  also  assumed  for  the  purpose  of  the 
high  and  low  series.  Consideration  was  given  to 
fenlily  assumpt:oiis  made  in  existing  projections 
prepared  by  national  agencies  or  universities, 
based  on  the  belief  that  demographers  in  the 
individual  countries  coukl  be  expected  to  have  a 
snecial  understanding  of  what  are  "reasonable" 
fertility  levels  to  expect  in  the  future  of  their  own 
countiy. 

For  the  more  developed  countries  the  fertility 
assumptions  in  existing  official  national  projec- 
tions were  Msed  with,  in  some  instances,  slight 
modification  The  iiggregates  of  Eastern  and  West- 
em  Europe  were  |)roje:ted  on  the  basis  of  fertility 
trends  according  to  tlie  U,N,  medium  series,  with 
slight  adjustment  at  the  U.S.  Bureau  of  the 
Census  to  take  accou..(  of  fertility  data  avJlablc 
since  the  U.N,  pi-ojections  were  prepp'rd.  For  the 
less  developed  countries  th'  ^  tility  assumptions 
were  made  on  a  judgme^  %is  by  demogra- 
phers who  have  workec*  >,  ..i  the  demographic 
and  related  socioeconomic  f^aia  for  th«:  individual 
countne«  overextended  time  periods.  Specifically, 
no  mathematical  .Todel  of  fertility  change  was 
used.  However,  in  setting  the  target  fertility  levels 
and  paths  of  fertil-ty  decline  for  :he  less  developed 
countries,  the  demographers  took  into  considera- 
tion the  followmg  major  factors: 

I  Current  level  of  fertility. 

2.  Recent  trends  in  fertility. 

3.  Current  levels  and  recent  trcnd*^  m  social  and 
economic  development. 

4.  Current  status  and  apnfx)ximate  past  impact 
of  family  planning  and  public  health  programs. 

5  Government  policy  on  population  matters. 

6.  Recent  fertility  trends  in  countries  with 
similar  cultural,  siKial.  and  economic  conditions 
and  pri^)spects. 

7.  Expressed  '  desired  *  family  size  in  the 
jx)pulatio". 

H.  Fei.]ity  assumption  made  by  international 
agencies,  ^uch  as  the  U.N.  and  the  World  Bank, 
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Furthermore,  two  general  guideline^  v,ere 
adopted  in  setting  the  range  of  fertility  levels  in 
the  year  2Wj. 

1.  The  higher  the  level  of  fertility  at  the  base 
date,  the  wider  the  range  of  assumed  fertility 
levels  in  the  year  2000. 

2.  The  greater  the  u;icertainty  about  current 
fertility  levels  and  current  trends,  the  greater  the 
range  of  assumed"  fertility  levels  in  the  year  2000. 

Mortality  Assumptions .  Only  one  specific  mor- 
tality trend  was  assumed^or  each  projection, 
except  for  the  People's  Republic  of  China.  Esti- 
mates for  mortality  in  the  base  year  of  the 
projections  and  for  the  projection  period  through 
2000  are  developed  through  the  use  of  life  table 
estimates.  The  life  tables  for  the  base  ytdv  of  the 
projections  were  usually  compiled  from  a  variety 
of  sources,  including  vital  registration  data  on 
deaths  by  age  and  sex  (adjusted  at  times  for 
.underregistrafkin)  and  survey  or  census  dr  on 
deaths  by  age  and  sex  during  the  preceding  ^ar 
(after  appropriate  evaluation  and  adjustment  if 
necessary),  or  hy  analyzing  age  distributions  of 
the  population  at  one  or  more  points  in  time  and 
applying  a  variety  of  demographic  techniques  such 
as  stable  population  analysis  and  use  of  model  life 
tables.  In  a  few  countries,  such  as  Nigeria,  where 
little  reliable  inforhiation  is  available,  *'guessti- 
mates"  of  the-  appropriate  Irvel  of  mortality  and 
of  the  model'  life  table  pattern  were  made,  always 
considering  estimates  that  have  been  made  by 
other  institutions,  $uch  as  ihe  United  Nations. 


Projection  of  mortality,  using  the  base  year  as 
the  starting  point,  was  gener^ly  done  in' one  of 
two  ways:  * 

1 .  Either  a  tai^et  life  expectancy  at  birth  (and 
corresponding  life  table)  was  chosen  for  the  year 
2000  with  life  expectancies  for  the  intervening 
years  obtained  by  assuming  a  reasonable  pat- 
tern'' of  change  of  mortality;  or 

2.  The  pattern  and  degree  of  change  in  mortality 
from  year  to  year  was  assumed  with  the  eventual 
life  expectancy'  in  the  year  2000  'Tailing  out"  of 
the  process. 

In  either  case,  consideration  was  always  given 
to  the  trends  and  levels  shown  in  national  projec* 
tions  and  in  projections  by  international  organiza- 
tions, and  by  considering  the  mortality  trends  in 
similar  countries  in  the  region  that  have  already 
experiencedLrtic  relevant  portion  of  the  mortality 
transition.  Ta^set  life  expectancies  for  the  year 
2000  were  sorri^times  chosen,  in  fact,  to  be  the 
same  as  those  already  achieved  in  ''leading" 
countries,  or  previously  assumed  in  national  or 
U.N.  projections. 

Total  Population 

All  three  Bureau  of  the  Census  estimates  and 
pryections  of  total  worid  population  are  summa- 
rized in  Table  2-2.  The  medium  series  is  consid- 
ered the  population  growth  trend  most  likely  to 
"  occur.  The  high  and  low  series  represent  a 
"reasonable  range'*  above  and  below  the  medium 
series. 


TABLE  2-2 
Census  Bureau  Wo;  U  Estimates  and  ProJ^tions 

Population  Size  and  Net  Growth 

Total  Populat!t.i  Net  Growth  Average 

^f^il^fon  s )   1 975  to  2000  Annual 


Growth 

1975                    2000  Mtlfion^  Penent  ^^^^ 
 *  {Percent) 


Medium  senes 

4,090 

^  :3i 

2.261 

55 

1.8 

High  series 

4,134 

6,798 

2,664 

64 

2.0 

Low  series 

4,043 

5,922 

t,879 

46 

L5 

VitaJ  Rates' 

Cru 

jc  B^''^  Rate 

Crude  Des  Rate 

Rate  of  Natural  Increase 

per  l.vKK)) 

(per  1,000) 

{Penent) 

1975 

2000 

1975 

2000 

1975 

2000 

Medium  senes 

3C4 

25.6 

12.3 

9.1 

1  8 

1.6 

High  senes 

32.0 

29.4 

12.9 

94 

1  9 

2  0 

Low  series 

28.8 

2L9 

11.9 

8.9 

1.7 

1.3 

*  Rate*  iKown  for  2000  rtfer 

to  midyMr  1999  to  midyear  2000 
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The  medium  senes  b^ns  with  a  il975  base 
population  total  of  about  4.09  billion,  a  crude  birth 
fate  <rf  30  per  1,000,  and  a  crude  dea*'  rale  of  12 
per  1,000.  The  series  implies  declines  of  16 
percent  in  the  crude  birth  rate  and  26  percent  in 
'  the  crude  death  rate  from  1975  to  2000,  generating 
changes  in  the  natural  increase  from  1.8  percent 
in  1975  to  1.6  percent  in  2000.  Net  population 
growth  during  this  whole  25'year  period  would 
add  about  2.26  billion  to  the  base  population  and 
produce  an  end-of-century  worid  population  totaf 
of  about  6.35  billion. 

Tfie  high  series  of  worid  population  projections 
begins  with  a  1975  base  population  of  4.13  billion, 
and  the  low  series  with  a  1975  base  population  of 
4.04  billion.*  Using  the  1975  base  populations 
and,  alternately,  the  high  and  low  series  trends  of 
1975-2000  vital  rates,  worid  population'  woulJ 
increase  in  the  high  series  by  about  2.66  billion 
between  1975  and  2000  and  would  total  about  6.)^ 
billion  by  the  end  of  the  century;  iajhe  low  seriei, 
worid  population  would  increase  by  about  1.88 
billion  between  1975  and  2000  and  woiild  total 
ariout  5.92  billion  by  the  end  of  the  century. 

Worid  population  growth  between  1950  and 
1975  is  estimated  at  about  1.56  billion,  reflecting 
an  average  growth  rate  of  about  1 .9  percent  per 
year.  The  latter  may  be  compared  to  the  medium, 
high,  and  low  projections  for  1975  to  2000  as 
follows: 


Average  ^ 


Net  Growth 

Annual 
Growth 
Rate 

{percent) 

1950  to  1975  estimates 

1.56 

'  1.9 

1975  to  2000  projections 

Medium  series  f 

2.26 

•  1.8 

High  series 

2.66 

20 

Low  series 

1.88 

1.5 

The  medium  prelection  series  suggests  that  the 
population  of  the  worid  may  grow  between  1975 
and  2000  at  a  slightly  lower  annual  rate  than  tl^at 
observed  from  !950  to  1975.  The  high  and  low 
series  present  alternative  increase  rates  for  1975 
to  2000.  However^  it  should  not  be  overiooked 
that  irrespective  of  the  medium,  high,  or  low  rates 
of  growth  during  1975  to  2000,  all  three  projection 
series  indicate  a  net  addition  to  the  worid  popula- 
tion total  of  an  appreciably  greater  number  of 


*Neart*'  ail  of  the  differences  between  the  1975  estimates  of 
world  population  in  the  medium,  high,  and  low  series  arc 
due  to  the  use  of  the  following  alternate  1975  population 
estimates  for  the  People's  Republic  of  China:  medium 
Mries,  935  milUon;  high  series,  978  million;  low  series.  889 
miiHon.  * 


people  during  the  period  1975-2000  (1.88-2.26 
billion)  than  during  the  1950-1975  period  (1.56 
billion). 

Contrasts  Between  More  Developed  and  Less 
Developed  Regions.  There  are  characteristic  de- 
mographic differences  between  the  populations  of 
the  more  developed  and  less  developed  regions  of 
the  worid  (Table  2^3).  For  example,  the  estimated 
\Krude  birth  rate  for  the  less  developed  regions  in 
1975  was  more  than  double  the  estimated  crude 
birth  rate  for  the  more  developed  regions;  the 
estimated  crude  death  rate  for  the  less  developed 
regions  in  1975  was  significantly  highffr  than  for 
the  more  developed  re^ons;  and  the  resulting  rate 
of  natural  increase  for  the  less  developed  r^ons 
in  1975  was  two-thirds  higher  than  for  the  more 
developed  regions.  These  characteristic  differ- 
ences  are  expected  to  persist  into  the  future,  as 
indicated  by  the  projected  vital  rate  differences 
for  the  year  2000. 

The  medium  series  for  the  more  developed 
regions  begins  with  a  1975  base  population  total  of 
about  1.13  bfllion,  a  crude  birth  rate  of  about  16 
per  1,000,  and  a  crude  death  rate  of  about  9.6  per 
1,000.  The  series  implies  a  slight  change  in  the 
crude  birth  rate,  increasing  from  16  in  1975  to  a 
peak  of  17  by  1965,  and  thereafter  declining  to  15 
by  the  year  2000,  an  increase  in  the  crude  death 
rate  from  9.6  per  1 ,000  in  1975  to  10.4  per  1 ,0(1)  in 
2000  and  an  average  annual  growth  rate  of  0.6 
percent.  Net  population  growth  during  this  entire 
25-year  period  would  add  about  0.19  billion  to  the 
base  population  and  produce  an  end-of-century 
population  figure  of  1.32  billion  for  the  more 
developed  regions. 

The  same  1975  base  population  estimate  is  used 
for  the  more  developed  regions  in  the  high  and 
low  series  as  in  the  medium  series.  However, 
alternately  high  and  low  trench 'in  vital  rates  are 
utilized  for  1975  to  2000.  Thus,  the.  population  of 
the  developed  r^ons  in  the  year  2000  wig^t  be 
as  high  as  1.38  billion  or  as  low  as  1 .27  billion. 

The  medium  series  for  th^  less  developed 
regions  begins  with  a  1975  base  population  total  of 
2.%  billion,  a  crude  birth  rate  of  about  36  per 
1,000,  and  a  crude  death  rate  of  about  13  per 
1,000.  The  series  implies  declines  of  21  percent  in 
the  crude  birth  rate  and  35  percent  in  the  crude 
death  rate  during  I97A  to  2000;  these  changes 
result  in  rates  of  natural  increase  of  22  percent  in 
1975  and  2.0  percent  in  2000.  Population  growth 
during  this  25-year  period  would  add  over  2  bfllion 
to  the  base  population,  producing  an  end-of-cen- 
tury population  figure  of  about  5  billion  for  the 
^  less  developed  regions. 
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TABLE  2-3  , 

.More  DeveloM  lUgloo.  and  Le«  Devtloprt  itegloo^ 

Population  Size  and  Net  Growth 


Total  population 

{Milhtms) 


Net  Growth 
1975  to  2000 


1975 


More  developed  regions 
Medium  series 
High  series 
Low  series 

Less  developed  regions 
Medium  series 
High  series 
Low  series 


1. 131 
1. 131 
M3I 

2.959 
3.003 
2,912 


Crude  Birth  Rate 
(per  1.000) 


2000 

MtUums 

4, 

Pen  enf 

1.323 

192 

17 

1,377 

246 

22 

1.274 

143 

13 

5,028 

•  2.069 

70 

5,420 

2.417 

80 

4,648 

1,736 

60 

Average 
Annual 
Growth 
Rate 

(/*m  enf) 


Vital  Rates* 

Crude  Dcatli  Rate 
(per  1,000) 


1975 


2000 


0.6 
0.8 
0.5 

2.1 
24 
1.9 


Rate  of  Natural  Increase 

{Pert  eni) 


1975 


2000 


1975 


More  developed  regions 

Medium  series  i6.| 

High  series  |6.| 

Low  series  |6.| 

Less  developed  regions  ' 

.  Medium  series  35.9 
High  series                     v  33  0 

Low  series  33.7 


2000 


15.2 
17,4 
13  0 

28.4 
32  4 
24.3 


•  $Mm  skowt  ter  2000  tthr  to^nidycar  I9»  to  mOytu  2000 

For  the  less  developed  regions,  alternate  high 
and  low  projections  of  population  growth  for  the 
1975  to  2000  period  result  in  total  population 
growth  diving  the  period  of  as  high  as '2.42  billion 
or  as  low  as  L74  billion. 

Estimates  <rf  net  population  growth  in  the  more 
developed  and  4css  developed  regions  between 
1950  and  1975  may  be  compared  to  the  projections 
for  1975  to  2000,  as  foUows: 


9.6 
9.6 
96 

13.4 
14  I 
12.8 


10.4 
10. 1 
10.7 

.  87 
9.2 
8.4 


0.6 
0.6 
06 

2,2 

:.4 

2.1 


0.5 
0.7 
0.2 

2.0 
2.3 
1.6 


Average 

Net  Growth 

Annual 

(btllions) 

Growth . 
Rate 

ipen  ent) 

More  developed  regions 

1950  to  1975 

0.27 

I.I 

1975  to  2000 

Medium  series 

0  19 

0.6 

High  series 

0^5 

0.8 

ix>w  series 

0.14 

05 

Less  developed  regions 

1950  to  1975 

1.28 

2.5 

1975  io  2000 

Medium  series 

2.07 

2.1 

High  series 

2.42 

2.4 

Low  series 

1.74 

1.9 

For  the  mom  developed  regions,  al!  three  projec- 
tion series  in  the  present  report  indicate  that 


population  growth  from  1975  to  the  end  of  the 
century  would  be  lower  than  was  the  case  be-' 
tween  .i950  and  1975,  in  terms  of  both  absolute 
increments  and  rates  of  growth. 

For  the  less  developed  regions,  the  medium 
projection  series  suggests  that  the  population  may 
grow  between  1975  and  2000  at  a  somewhat  lower 
annual  rate  than  that  observed  from  1950  to  1975 
Jl^ardless  of  the  differences  in  the  high,  medium, 
and  low  series  growth  rates,  however^  aU  three 
projection^  indicate  a  net  addition  to  the  popula- 
tion of  the  less  developed  regions  ,of  an  apprecia- 
bly greater  number  of  people  durir"  the  1975-2000 
period  (1.74  to  2.42  billion)  than  during  the 
preceding  25-year  period  (1.28  billion). 

The.  pop'-Jation  of  thfe  less  developed  regions 
comprised  about  7%  percent  of  the  worid's  popu- 
lation in  1975  and,  according  to  the  three  projec- 
tion senes.  will  constitute  78-80  percent  of  the 
worid's  popdfation  in  the  year  2000.  This  dramatic 
increase  is  hardly  surprising  when  one  considers 
that  th©.|ess  developed  regions  would  account  for 
nine-tenths  of  wojid  population  growtii  accoitling 
to  the  projections  (see  Fig.  2-1  for  medium  series 
projections).  Durjig  the  previous  quarter  century, 
less  developed  regions  accounted  for  four-fifths  of 
world  population  growth,  and  thereby  increased 
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their  ishare  of  world  population  from  66  percent  in 
1950  to  72  percent  in  1975. 

Note:  Hereafter,  the  taWes  and  discussions  of 
the  Bureau  of  the  Census  projections  will  pertain 
only  to  the  medium  series  of  estimates  and 
projections  unless  otherwise  specified.  * 

Changes  in  Selected  Vital  Rates  and  Total 
Population.  The  data  presented  in  this  chapter 
refer  to  a  prelection  period  of  25  years,  from  1975 
to  2000.  In  terms  of  fundamental  demographic 
change,  this  is  a  relatively  short  time  period.  Any 
profound  modification  (barring  m^jor  calamities) 
of  worid  population  growth  trends,  including  req- 
uisite changes  in  age  composition,  would  require 
a  much  longer  time  to  evolve.  According  to  these 
projections,  the  population  growth  rates  for  the 
world  as  a  whole  and  for  the  less  developed 
regions  in  particular,  will  decline  only  slightly 
from  1975  to  2000,  despite  significant  declines  in 
fertility  levels. 

For  the  less  developed  regions  the  projected 
rate  cS  natural  increase  declines  fi-om  1975  to  2000 
by  only  12  percent,  despite  a  decline  in  the  crude 
birth  rate  of  21  percent  and  a  decline  of  30  percent 
in  the  total  fertility  rate.*  This  projected  decline 
of  12  percent  notwithstanding,  the  resulting 
"lower"  rate  for  2000  of  about  2.0  percent  per 
year  is  still  relatively  high.  For  example,  applied 
to  the  laiger  base  population  of  5.03  billion,  it 
produces  a  much  higher  annual  increment  of  total 
populatiOT  in  2000  (99  nullion)  than  the  2.2  percent 
rate  of  natural  increase  produced  in  1975  (67 
million).  In  fact,  an  annual  rate  of  natural  increase 
of  2  percent,  if  continued  ajfter  2000,  would  double 
the  population  of  the  less  developed  regions  in 
only  35  years. 

For  the  mpre  developed  regions  of  the  world, 
the  projections  indicate  a  decline  from  1975  to 
2000  of  about  one-fourth  in  the  rate  of  natural 
increase,  concurrently  with  a  slight  decline  in  the 
crude  birth  rate  and  a, slight  increase  in  the 
projected  total  fertility  rate.  However,  the  rate  of 
natural  increase  for  2000  (about  0.5  percent  per 
year)  is  quite  low;  it  produces  a  lower  annual 


♦The  difference  between  the  30  percent  dechne  in  the  total 
fertility  rate  and  the  21  percent  decline  in  the  crude  birth 
rate  from  1975  to  2000  can  be  explained  as  follows.  About  6 
percentage  points  of  the  difference  is  due  te  a  larger 
proportion  of  women  in  the  chiWbcanng  i%t%  (15-49  years) 
in  2000  than  in  1975  The  rest  of  the  difference  is  due  to 
changes  in  the  age  patterns  of  fertility  within  the  childbcar- 
mg  years.  The  difference  between  the  21  percent  decline  in 
the  crude  birth  rate  and  the  12  percent  decline  in  the  rate  of 
natural  increase  is  due  to  the  decrease  in  the  cnide  death 
rate  by  a  greater  percentage  than  the  decrea?*  in  the  crude 
birth  rate. 


increment  in  total  population  in  2000  than  in  1975 
and,  if  continued  after  2000,  would  require  nearly 
140  years  to  cause  the  population  of  the  more 
developed  regions  to  double. 

Major  Regions.  The  medium  series  of  estimates 
and  projections  of  population  growth  for  the 
world's  major  regions  from  1975  to  2000  are 
shown  in  Table  2-4. 

Africa's  population  is  characterized  by  high 
fertility  and  high  mortality  rates— a  population  of 
about  0.81  billion  in  the  year  2000,  a  net  increase 
of  0.42  billion  over  1975.  This  increase  would 
reflect  a  more  than  doubling  of  Africa's  population 
in  only  25  years  and  represents  the  most  rapid 
population  growth  rate  projected  for  any  major 
world  region  during  the  period  1975  to  2000. 

Moderately  high  crude  birth  and  death  rates 
characterize  the  less  developed  countries  of  the 
Asia  and  Oceania  region.  The  projected  popula- 
tion of  these  LDCs  in  2000  is  3.63  bilOon,  a  net 
mcrease  of  1.36  billion  over  1975,  or  about  60 
percent  of  world  population  growth  projected  for 
this  period. 

Fertility  remains  high  in  Latin  America  and 
crude  death  rates  low.  The  projections  indicate  a 
total  population  of  about  0.64  bUlion  by  the  year 
2000,  a  96  percent  increase  over  1975.  Latin 
Americans  projected  percent  increase  is  the  sec- 
ond highest  for  any  major  world  region. 

The  populations  of  the  U.S.S.R.  and  Eastern 
Europe  (including  -Albania  and  Yugoslavia)  are 
characterized  by  relatively  low  fertility,  mortality, 
and  growth  rates.  The  projections  reveal  a  total 
population  of  0.46  billion  by  2000,  or  an  increase 
of  20  percent  over  1975-^the  second  lowest  of  any 
major  worid  region. 

The  industrialized  North  American  countries, 
Western  Europe,  Japan,  Australia,  and  New  Zea- 
land have  completed  their  ^'demographic  transi- 
tion," and  their  populations  are  characterized  by 
relatively  low  fertility,  mortality,  and  growth  rates. 
By  the  end  of  the  century,  their  population  will 
increase  to  about  0.81  billion,  or  14  percent  over 
1975,  by  far  the  lowest  percent  increase  of  any 
major  worid  region. 

The  percentage  distribution  of  world  population 
by  m^or  regions  as  estimated  for  1975  and  as 
projected  in  the  medium  series  for  2000  are  shown 
in  Table  2-5. 

The  projections  indicate  that  at  the  end  of  the 
century  the  less  developed  countries  of  Asia  and 
Oceania  will  continue  tp  have  the  highest  percent- 
age of  world  population  of  any  major 'region  by 
far— about  57.2  percent  in  2000,  as  compared  with 
about  55.6  percent  in  1975.  Also,  by  2000  Africa's 
and  Latin  America's  percentages  of  world  popu- 
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TABLE  2-4 
M^|orRc|kw^-^CcQMBmwEftim«lM 

Population  Size  and  Net  Growth 


Total  Population 

{Millions) 

Net  Growth 
1975  to  2000 

Average 
Annua) 
Growth 
Rate 

{Fervent) 

1975 

2000 

Millions 

Penent 

World 

4.090 

6.351 

2.261 

55 

1.8 

Afiica 

399 

814 

416 

104* 

29 

Ask  and  (Oceania* 

2.274 

3.630 

1.356 

60 

1.9 

Latin  America 

325 

637 

312 

96 

2.7 

U.S.S.R.  and  Eastern  Europe^ 

384 

460 

76 

0.7 

Noith  Amerida.  Western  Europe.*  Japan. 

Australia »  and  New  Zealand 

809 

101 

14 

0.5 

Vital  Rates' 

Crude  Birth  Rate 
(per  1.000) 


Crude  Death  Rat^ 
(per  1.000) 


Rate  of  Natural 
Increase 
{Percent) 


•1975 

2000 

'  1975 

,  2000 

1975 

2000 

World 

30.4 

25.6 

12  3 

9.1 

1.8 

1.6 

Africa 

46.7 

38.5 

19.0 

11.3 

2.8 

2.7 

Asia  and  Oceania*  ^ 

33.7 

25.9 

13.0 

^  8f 

2.1 

1.7 

Latin  America 

37.2 

28.7 

3.9 

5.7 

2.8 

2.3 

U.S.S.R.  and  Eastern  Europe^ 

17.7 

15.9 

9.7 

10.5 

0.8 

0.5 

North  America.  Western  Europe.*  Japan. 

Australia,  and  New  Zealand 

14.8 

14.5 

9.6 

10.5 

0.5 

0.4 

•Oevdopmg  coMMries  only,  i  e  .  excluding  Japm.  Ausiralia.  and  New  Zealand 
'Eatttm  Emvpc  includes  ANMUua  Md  YugoaJavia 

*Wtflicni  Ewofa  ai  uaed  here  conyiiact  aS  of  Evroj^  tiMpi  Eaaicn  Euroft.  AlMa,  aad  Yufoilavia.  TIm  U  S  S  a  »  alio  axcluded 
^RaM  laowa  ftir  2000  rcfcr  to  aiidyear  1999  to  Midyear  2000 


TABLE  2-5 

Pnttnl  Distribatioa  or  WorU  Popalatfan  by 
Midor  Retkm,  Census  Bureau  Mcdhun  Scries 


1975 

200O 

Africa 

9.8 

12.8 

Asia  and  Oceania'* 

55.6 

57.2 

Latin  America 

7.9 

10.0 

U.S.S.R.  and  Eastern  Europe^ 

9.4 

7.3 

North  America.  Western  Europe.*  Japan 

Australia,  and  New  Zealand 

17.3 

12.7 

•DtvdopMig  couiHnct  oidy.  t  e  .  excluding  Japan  Australia,  and  New  Zealand 
*Eaalcni  Europe  indudci  Alb«ma  and  Ymotlavia 

^Western  Europe  ai  used  here  somprncs  ^1  of  Furope  except  Eastern  Europe 
AawHa,  and  Yupoalavta.  The  U  S  S  R  is  ^so  excluded 


latkm  wfli  mcrease  significantly,  while  the  percent- 
age worid  population  Gving  in  the  U.S.S.R.  and 
Eastern  Etirope  wll  decline  to  about  7.3  percent, 
and  the  percentage  living  in  the  nonsocialist  more 
developed  countries  of  North  America  and  West- 
em  Europe,  as  well  as  in  Japan,  Australia,  and 
New  Zealand,  will  decrease  to  less  than  13 
percent. 


/5  Selected  Countries,  Estimates  and  projec- 
tions of  population  growth  froni  1973  to  200C  for 
the  15  selected  countries  are  presented  in  Table 
2-6. 

The  mgt&\  population  increases  indicated  are 
for  India  and  the  Pec^le^s  Republic  of  China,  each 
adding  about  0.4  billion  inhabitants  between  1975 
and  2000.  The  highest  percentage. increases,  how- 
ever, are  prqected  for  Mexico,  Nigeria,  Pakistan, 
Brazil,  arJ  Bangladesh,  each  of  which  shows  an 
increase  ^f  100  percent  or  more.  The  lowest 
^  percentage  increases  are  prelected  for  the  United 
.  States,  J^[>an,  and  the  U.S.S.R.  In  the  year  2000 
the  Ptople*s  Republic  of  China  would  still  be  the 
world*s  most  poptilous  nation,  comprisirv  one- 
fifth  of  the  woiid*s  population.  The  second  most 
popidous  nation— India--woulJ  constitute  about 
16  percent  of  the  world*s  population.  The 
U.S.S.It  and  the  United  States  would  remain  the 
third  and  fourth  most  populous  nations  with  ^bout 
5  percent  and  4  percent,  respectively,  and  Japan, 
which  in  1975  was  tlie  sixth  most  populous  of  the 
15  selected  countries,  would  drop  to  lOlh  place 
with  aboiit  2  percent  of  the  total  world  population. 
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TABLE  2-6 

Ptopuliltai  Ste,  Net  Growth,  mmI  PMit  of  Worid  Poputatioo  of  IS  Sdectid  Countries, 

CcnMf  BuraHi  Mcdhun  Serin 


Counlry 


Total  Populatton 


Nel  Gnmth, 
1975  to  2000 


Republic  of  China 

Iffedia 

IndoiMtia 

BMigiadesh 

Pakistan 

mippints 

HiaUand 

South  Korea 

N«eria 

Biaxll 
Mexko 

United  States 
U.S.S.R. 


1975 

2000 

Miiiions 

Pen  ent 

935 

.  IJ29 

394 

42 

618 

l,02t 

402 

65 

115 

226 

91 

68 

79 

15? 

79 

|0() 

71 

149 

78 

HI 

43 

73 

30 

71 

42 

75 

33 

77 

37 

57 

20 

55 

37 

65 

29 

77 

63 

135 

72 

114 

109 

226 

117 

108 

60 

131 

71 

119 

214 

^48 

35 

16 

254 

309 

54 

21 

112 

(33 

21 

19 

Average 
Annual 

Growth 
Rate 

(Fen  ent) 


Percent  of  World 


1.4 
2.0 
2  I 
2.8 
3.0 
2.2 
2.3 
1,7 

2.3 
3.0 

2.9 

3.i 

«0,6 
0.8 


Population 

22.9 

M  1 

I  J- 1 

11^  1 

iO  1 

3.3 

3,6 

K9 

15 

1.7 

2.4 

1  0 

1,2 

1  0 

t.2 

0,9 

0.9 

0.9 

1,0 

1,5 

2  1 

2,7 

3,6 

1.5 

2.1 

5.2 

3,9 

6,2 
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Ap  OmpoiitkMi  of  the  PoptriRtion  - 

Broad  Age  Groups^  The  age  composition  of  the 
world  and  of  the  more  developed  and  less  devd- 
oped  unions  in  197S  is  summarized  in  Table  2-7 
(mediiim  series).  The  more  developed  regions  had 
svufcantly  higher  percentages  of  population  in 
the  15-64  age  group  and  in  the  s^e  group  65  and 
over,  and  a  far  lower  percentage  of  population  in 
the  0-14  group.  For  the  worid  as  a  whole,  the 
percentages  of  population  in  the  various  broad  age 
groups  were  closer  to  the  age  composition  per- 
centages of  the  less  developed  r^ons,  since  over 
72  percent  of  the  worid*s  population  lived  in  the 
less  developed  regions  in  1975. 

TABLE  2-7 
Broad  Age  Groups,  by  More  Developed  Regions 


hm 


Developed  Reghm,  1^75  and  ^ 
(dUsus  Bureau) 


(Fopuhtion  in  miiUons) 


World 

More  Dev. 

Less- Dev. 

1975: 

a>l4  yre 

1,505 

37 

281 

25 

1,224 

42 

15-64  yiii 

2,368 

58  - 

731 

65 

1,6^7 

55 

65  A  over 

217 

5 

119 

10 

98 

3 

AO  %es 

4,090 

100 

1,131 

100 

2.959 

100 

2000: 

(^14yrs 

2,055 

32 

297 

22 

L758 

35 

3.906 

62 

859 

65 

3,047 

61 

65  A  over 

390 

6 

167 

13 

223 

4 

AD  ages 

6.351 

100 

1,323 

100 

5,028 

ylOO 

As  projected  to  2000,  the  age  composition  of 
the  population  of  the  world'«  r.iure  developed 
regions  would  still  be  significantly  different  fix>m 
that  of  the  less  developed  regions,  as  can  be  seen 
from  Fijure  2-2.  The  age  composition  of  the  less 
developed  regions  would  still  be  very  similar  to 
that  of  the  wcnld  as  a  whole,  since  80  perceht  of 
the  world  s  population  would  be  living  in  these 
regions  by  2000. 

In  absolute  figures,  the  15-64  age  group  shows 
the  largest  projected  increases  from  1975  to  2000. 
The  highest  percentage  increase  over  1975,  how* 
ever,  is  shown  by  the- 65  and  over  groiq),  and  the 
lowest  by  the  0-14  group. 

For  the  five  n^jor  world  regions  and  the  15 
selected  countries,  Table  2-4  shows  the  percent 
distribution  of  population  by  age  in  1975  and  in 
2000  and  the  1975-2000  percent  increase  in  popu- 
lation by  age. 

Functional  Age  Groups.  Table  2-9  presents  a 
summary  of  projected  changes  from  1975  to^2000 
in  the  population  of  certain  functional  age  groups 
for  the  world,  the  nyort  developed  and  less 
developed  regions,  the  m^jor  regions,  and  15 
selected  countries. 

For  the  worid  as  a  whole,  the  projected  percent 
increases  in  the  school-ace  population  are  lower 
than  the  projected  percent  increases  in  total  pop- 
ulations, but  for  Africa,  Latin  America,  and  many 
of  the  selected  LDCs,  the  projected  percent 
increases  in  school-^e  population  are  extremely 
high.  For  the  less  developed  regions  as  a  whole, 
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TABLE  2^ 


Prntoc  Obtributloii  ^fof^tkm.  W5  «d  2000,  mkI  197«000  Increase  foi  Mi^or  RegkNis 
and  Select^  Countries,  Census  Bureau  Medkim  Series 

\ 

To^L'C^S^kII'T^^     ^       .  Percent  Distribution  of 
Total  P^NalioV  by  Age  tn  Percent  Increase  of  Population  by  Total  Population  by  Age  in 
 Z!l  Age,  1975  to  2000  2000 

0-14  15-^ 


65 
and  over 


Miyor  regions 

Africa  '44  53 
Atia  and  Oceania*  41  56 

Latin  America  42  54 

U.S.S.R.  and  Eastern 

Europe^  25  65 

North  America,  Western  Eu- 
rope/ Japan,  Australia,  and 

New  Zealand  25  64 

Selected  countries 

Pteople*s  Republic  of  China  38  58 

India  40  57 

Indonesia  43  55 

Bangladesh  46  51 

Pakistan  4^  51 

Philippines  44  53 

Thailand  43  54 

South  Korea  39  5g 

Egypt  41  56 

Nigena  45  53 

Brazil  43  54 

Mexico  4g  49 

United  States  26  64 

U.S.S.R.  26  65 

Japan  24  68 


3 
3 
4 

10 


11 


-10 
9 
8 


0-14 

15-64 

and  over 

All 
Ages 

(^14 

15-64 

65 

and  over 

97 

129 

104 

43 

J 

29 

78 

125 

60 

32 

< 

J 

73 

112 

124 

% 

38 

58 

4 

10 

19 

49 

20 

23 

65 

12 

1 
1 

36 

14 

22 

65 

13 

5 

62 

116 

42 

28 

66 

6 

JO 

82^ 

147 

65 

34 

62 

4 

44 

82 

201 

68 

37 

60 

3 

79 

120 

85 

100 

41 

56 

3  • 

84 

133 

124 

til 

40 

57 

3 

30 

m 

119 

91 

34 

62 

4 

45 

99 

135 

77 

35 

61 

4 

14 

75 

170 

5' 

.  28 

66 

6 

54 

91 

136 

35 

60 

5 

115 

111 

159 

114 

45 

52 

3 

88 

119 

167 

108 

39 

57 

4 

88 

150 

109 

119 

41 

56 

3 

0 

19 

40 

16 

21 

66 

13 

11 

20 

59 

21 

23 

65 

12 

2 

16 

108 

19 

20 

66 

14 

•Devdoping  cooolrkt  only,  i  t. .  cxciudiiis  Jipw.  AuitnOit,  «id  New  Zealand 
*EMteni  Europe  mcludes  Att>Mw  and  YufoiJavia. 

•Wealem  E«ope  a.  i«U  he«  comprise,  all  of  Europe  except  EMtem  Europe.  Albama.  and  Yur»Uv«.  The  VS,SR  «  also  excluded 


the  projected  net  increase  in  the  school-age  popu- 
lation amounts  to  0.36  billion  (a  48  percent  in- 
crease), an  enormous  increment  in  terms  of  .main- 
taining  or  improving  the  quality  of  education.  Bv 
comparison,  in  the  more  developed  regions  of  the 
world,  where  nearly  fiill  enrollment  has  already 
been  achieved,  the  projected  increment  for  the' 
school-age  group  is  only  8  million  (an  increase  of 
4  percent). 

The  broad  age  group  comprising  persons  15-^ 
years  of  age  corresponds  approximately  to  a 
country's  working-age  (or  main  working-age)  pop- 
ulation. For  the  less  developed  regions,  the  pro- 
jected 86  percent  increase  in  this  group  is  greater 
than  the  projected  70  percent  increase  in  total 
population.  Among  the  15  selected  countries,  the 
largest  projected  percentage  increases  are  for 
Mexico,  Pakistan,  Bangladesh,  Brazil,  and  Ni- 
geria. While  such  a  laige  growth  in  working-age 
population  represents  a  beneficial  increase  in  the 
productive  sector  of  the  population,  the  net  incre- 
ment (about  1.41  billion  persons)  will  create  addi- 


tional demarids  for  training  and  employment.  In 
more  developed  regions,  the.  projected  increment 
amounts  to  only  about  0.13  billion  pereons  (an 
increase  of  18  percent).  ^ 

As  may  be  expected,  the  growth  patterns  for 
the  female  population  in  the  reproductive  ages  will 
be  similar  to  those  of  the  worki^ig-age.populatk)n. 
Thus,  the  projected  increase  of  females  in  the 
reproductive  ages  in  the  less  developed  regions  is 
about  85  percent  from  197?  to  2000,  as  comp.ved 
with  about  13  percent  in  the  more  de^veloped 
regions.  Such  rapid  growth  in  the  numbers  of 
women  in  the  fertile  ages  in  the  less  developed 
regions  will  ensure  an  increase  in  the  absolute 
number  of  births,  even  if  fertflity  rates  decline. 

The  highest  percentage  increases  are  prcgected 
for  the  age  group,65  years  and  ov^r  in  bo^  less 
and  more  developed  regions.  Although  the  growth 
of  this  group  is  particularly  rapid  in  the  less* 
developed  regions  (127  percent  as  sKown  in  Table 
2^8),  it  constitutes  only  about  6  percent  of  total 
1975-2006  population  increase  for  these  regions. 
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Cluuists  in  Functional  Age  Groups  and  (otai  Popubtion,  1975-2000,  for  World,  More  Developed  and 
Less  Developed  Regions,  M^Jor  R^cg/to^,  and  Selected  Countries,  Cen-  s  Bureau  ^ledium  Series 


School-Age 
Population  •  5-  14 


Females  of 

Working-Age  Popu-  Reproductive  Age    Old-Age  Population    Total  Population: 


lation:  15-^64 


15-49 


65  and  over 


Million  \ 

rfrcent 

Millions 

Penent 

Miliums 

Pen  ent 

Milt  ions 

Pen  em 



Millions 

Pen  ent 

World 

369 

39 

1.538 

65 

619 

64 

173' 

80 

2.261 

55 

More  developed  regions* 

8 

4 

128 

18 

37 

13 

49 

41 

192 

17 

Less  developed  regions 

361 

48 

1.410 

86 

582 

85 

125 

127 

2.069 

70 

Mi^r  regions 

Afhca 

1 10 

105 

231 

109 

99 

t(% 

15 

129 

416 

104 

Asia  £iKi  i^^ceanid 

32 

994 

78 

40^ 

76 

96 

125 

1.356 

60 

L>atin  America 

69 

82 

1 

1 1? 
1 

aj 

1 1 1 
1 1 1 

1  c 

1 J 

124 

312 

% 

U.S.S  R.  and  bastern 

Europe  ^ 

7 

10 

48 

19 

14 

14 

18 

49 

76  ' 

20 

Northern  Amenca^M^stern 

Europe,*  Japan.  Au«ttrana. 
and  New  Zealand  ^ 

-1 

1 

70 

15 

19 

11 

2" 

36 

iOl 

14 

Selected  countnes 

People's*  Republic  of  China 

9 

4 

334 

62 

133 

59 

43 

116 

394 

42 

India 

61 

39 

286 

82 

114 

80 

27 

147 

402 

65 

Indonesia 

18  . 

52 

61 

82 

26 

79 

5 

200 

91 

68 

Bang.  Jesh 

20 

93 

48 

120 

2i 

126 

2 

79 

too 

Pakistan 

19 

96 

49 

133 

21 

138 

2 

124 

78 

ill 

*  Philippines 

4 

30 

23 

102 

10 

96 

2 

119 

30 

71 

Thailand 

6 

50 

23 

»  99 

to 

98 

2 

35 

33 

11 

South  Korea 

1 

14 

.  16 

li 

6 

68 

2 

170 

20 

55 

Egypt 

6 

60 

19 

91 

8 

89 

2 

^  136 

29 

11 

Nigeria 

20 

122* 

37 

lit 

16 

114 

3 

159** 

72 

114 

Qrazil 

.  28 

103 

70 

119^ 

30 

116 

6  ' 

167 

117 

108 

Mexico 

17 

95 

44 

150 

19 

146 

2  ^ 

108 

7t 

119 

United  States 

-  1 

-2 

26 

19 

9 

17 

9 

40 

35  . 

16 

U.S.S.R. 

5 

'10 

34 

20 

It  ' 

16 

13 

59 

54 

21 

Japen 

1 

4 

.  12 

16 

0 

0 

9 

108 

21 

«9 

!t  North  America.  Europe  (ini.}uding  Ihe  U  S  S  R  )  Australu.  New  Zealand.  Japan,  lemperate  Sou;h  Amertc* 
^OiVfloyifls  countries  only,  i  e  .  e«ctu<hn|  JapM^.  Australia,  and  New  Zealand 
*lMltni  Europe  mcludet  Albania  and  Yu|o%lavia 
'WMr*  Europe  a»  uied  here  compnics  all  oT  Europe  except  Eastern  Europe.  Albania,  and  Yugoslavia  The  U  S  S  R  14  aj  o  excluded 


Argentina  Chile.  Falkland  \s\*x\&s  and  Uruguay) 
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In  the  more  developed  regions,  however,  the 
increase  of  about  41  percent  in  the  size  of  Ihe  old- 
age  group  is  especially  significant,  since  it  com- 
prises one-fourth  of  the  total  population  increase 
for  these  regions. 

Summary 

The  Bureau  of  Census  projections*  presented  in 
Tables  2- 10  through  2~I4  can  be  summarizfd 
briefly  a^  follows: 

World  population  totaled  about  4.09  bilh^n 
persons  in  1975  and  projected  in  the  Bureau  of 
the  Census  medium  seric  .  would  increase  by 
about  55  percentyand  number  about  6  35  billion  in 
2000.  This  meafis  that  *  orld  population  would 

•A  more  detailed  prcsenlatiL       .nc  Census  projections  is 
provided  m  U  S  Dcparlmer'      Commerce  Bureau  of  the 
Census.  I Hu strain  e  Projet  tton^  of  World  Populations  t  • 
2 1  St  Century,  Washmgton   \}  S  Government  Prinnns^  Of- 
fice. 1979 


grow  between  1975  and  2000  ai  a  slighUy  lower 
annual  rate  than  between  1950  and  1975/ but  that 
an  appreciably  greater  number  of  people  woi  !d  be 
added  to  the  total  world  population  during  the 
1975-2000  period  than  during  the  former  period. 
The  less  developed  regions  would  account  for 
nine-tenths  of  the  world  population  growth  be- 
tween 1975  and  2000.  By  2000  these  legions  would 
comprise  more  than  three-fourths  of  the  worid's 
population,  reflecting  notable  projected  population 
increases  in  Africa,  Latin  America,  and  the  les^ 
developed  countries  of  Asia  and  Oceania.  As 
indicated  in  Table  2-1,  the  percentage  of  the 
world's  population  in  the  LDCs  continues  to 
increase,  approaching  80  percent  by  2000.  The 
LDC  growth  rate  declines  from  about  2.28  percent 
to  2.02  percent  and  by  2000  is  the  predominant 
influence  in  the  worid  growth  rate— which  de~ 
dines  only  slightly,  from  1.78  percent  in  the  1975- 
80  period  to  1.70  percent  in  the  1995-2000  period. 


BUREAU  OF  THE  CENSUS  PROJECTIONS 

U  S.  Bureau  of  the  Census  projections  for  total  population,  total  fertility  rates, 
population  growth  rates,  crude  death  rates,  and  crude  birth  rates  are  presented  a\ 
Tables  2-10  through  2- 1 4.  In  each  table: 

More  iii'vehyped  regions  comprise  Northern  America,  temperate  South  America, 
Europe,  U.S.S.R.,  Japan,  Australia,  and  New  Zealand.  All  other  regions  of 
the  world  are  classified  as  less  developed  regions. 

Asia  and 'Oceania  excludes  Japan,  Australia,  and  New  Zealand. 

Eastern  Europe  includes  Albania  and  Yugoslavia. 

Western  Europe  compris'^s  all  of  Europe  except  Eastern  Europe  (including  the 
U.S.S.R.),  Albania,  and  Yugoslavia. 


TABLE  2-10 

Census  Bureau  Projected  Total  Population  for  World,  M^jor  Regions,  and  Selected  Countries 

{In  thousands) 


1975 

1980 

1985 

1990 

1995 

2000 

World 

HIGH  SERIES 

4,134,049 

4,548,928 

5,012,753 

5,5><4,67l 

6,143,076 

6,797.504 

More  developed  regions 

1,130,989 

1.173,831 

1,224,157 

.  1,270,131 

1,327,400 

1.377.258 

Less  developed  regions 

3,003,060 

3,375,0% 

3,788.5% 

4,268,539 

4.815,670 

5.420,245 

M^jor  Regions 

Africa 

398,694 

459,653 

533,548 

6?f!830 

726,565 

846,880 

Asia  and  Oceania 

2,318,028 

2,580,123 

2,861,277 

^,185,185 

3,551,394 

3,951,198 

Latin  Amencd 

325,085 

377,073 

438,7% 

509,%9 

589,698 

677,904 

U  S.S  R  and  Fastern 

Lurope 

384,336 

402,262 

422,289 

441,660 

460,433 

479,518 

Northern  America,  Western 

Europe.  Japan,  y^ustra!  a. 

and  Ne\^  Teal  and 

707.906 

729.817 

756,842 

786,028 

814,987 

842.003 

Selected  Count nes  and  Regions 

People's  Republic  of  China 

977,862 

K07 1,378 

1,150,998 

1,241,497 

l,347,8-'6 

1,467,860 

India 

618,470 

694,190 

786,222 

893,586 

1,012,943 

1,141,900 

Indonesia 

134,988 

150.467 

168,155 

188,290 

210.993 

23S,720 

Bangl^esh ' 

79,411 

92,319 

107,565 

125.171 

144.862 

166.185 

Pakistan 

70,974 

83.261 

98,078 

11.*  339 

134,777 

156,083 
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1975 


TABLE  2-10  (Cont.) 

(//I  thousands) 
mo  1985 


1990 


1995 


2000 


IT  ilippines 
th^land 
South  Korea 
Egypt 
Nigeria 

Brazil  S 
Mexico 
Jitited  States 
U.S.S.R. 
Japan 

Eastern  Europe 
Western  Europe 


43.029 
42.473 
36.895 
36.859 
62.925 
106.882 
60.188 
213.540 
254.393 
111.566 
129.943 
343.517 


HIGH  SERIES 

49.063 

48.435 

40.946 

42.122 

72.473 
128.235 

72.214 
222.395 
267.577 
117.076 
134.685 
348.908 


(cont.) 
55.545 
55.1M 
45.507 
48.250 
'84.271 
151.309 
86.46& 
234.841 
282.384 
122.169 
139,905 
355.610 


62.697 
62.805 
50.663 
55.162 
98,722 
177.977 
103,006 
248.034 
2%.415 
126,768 
145.245 
364,172 


70.771 
71.354 
56.087 
62.65ft 
116.159 
207.995 
121.618 
259.823 
309.551 
131.102 
150.882 
374.386 


World 


More  developed  regions 
Less  developed  regions 

M^or  Regions 
Afnca 

Ajia  and  Oceania 
Latin  America 
U.S.S  R  and  Eastern 

Europe 
Northern  Amenca.  Western 

Europe.  Japan.  Australia. 

and  New  Zealand 

Selected  Countries  and  Regions 
People's  Republic  of  China 
India 


4.043.444 

1.130.989 
2.912r455 

398.694 
2.228.4^'^ 
324.064 

384.336 


707.906 

889.015 
618.471 


LOW  SERIES 
4X84.420  4.753,612 


l.l6iL263 
3.218|l57 

457.621 
2.431,561 
370,543 

399.321 


725.374 

937.955 
686.790 


1.200.970 
3,552.642 

525,247 
2,650,767 
421,024 

413,8S4 


742,689 

?«?I,58I 
757,233 


5,140,162 

1,231,408 
S.908.754 

599,530 
2.882.418 
473,826 

425,712 


758.677 

1,050,502 
827,960 


5,533.442 

1.256.351 
4.277,091 

677,723 
3,121,231 
527,467 

434,955 


772,066 

1,113,447 
899.438 


79.773 
80.806 
61.535 
70,534 
136,934 
241.436 
142,022 
270.174 
3?2.787 
135.309 
156,731 


MEDIUM 

SERIES 

▼toiiu 

4,W0, 133 

4,470,380 

4,884.743 

5,340,419 

5,833,887 

6,351.070 

More  developed  regions 

I.IjO.989 

1,169,863 

1.211,772 

1,252,233 

1,289,712 

1.322.824 

Less  developed  regions 

2,959,143 

3,300,516 

3,672,971 

4.088,186 

4.544.175 

5.028,246 

M^or  Regions 

Africa 

398.694 

458.861 

530,567  - 

613  894 

OI4.z<z 

Asia  and  Oceania 

2.274,471 

2,508,490 

2,754,505 

3  025  189 

j,JxU,  ivz 

.».OJU,I!0 

Latin  Amenca 

324,725 

374,774 

432,486 

4%!624 

565,431 

636,937 

U.S.S.R  and  Eastern 

« Europe 

384,336 

400.789 

418,080 

433,672 

447,658 

460,471  , 

Northern  AmencH,  Western 

Europe,  Japan,  Australia, 

and  New  Zealand 

707,906 

727,466 

74^.,  105 

771,041 

791,710 

809,195 

Selected  (^ountnes  and  Regions 

People's  Repubhc  of  China 

934,626 

1.007.858 

1 .075.999 

1.151  665 

1.237,029 

1,328.645 

India 

618,471 

689.545 

764,157 

843.643 

929,102 

1.020,917 

Indonesia 

134,988 

150,246 

167,005 

185,375 

205,425 

226,388 

Bangladesh 

79,411 

92,186 

106,892 

123,202 

140.666 

158,724 

Pakistan 

70,974 

83.145 

97,512 

1 13.754 

131,296 

149.464 

Philippines 

42,810 

48,181 

53,657 

59.526 

66,064 

73,229 

Thailand 

42,420 

48.101 

54,307 

61,05] 

M.056 

75.238 

South  Korea 

36,846 

40,604  > 

44,561 

48,721 

32,902 

56,963 

Egypt 

36.859 

42,046 

47.739 

53,648 

59,477 

65.380 

Nigena 

62,925 

72,469 

84,215 

98,439 

115,261 

134.680 

Brazil 

108,797 

127,825 

149.762 

173,723 

199.110 

225.897 

Mexico 

59,91? 

71,136 

84.016 

98,555  *^ 

114.450 

131,320 

United  States 

213,540 

220.497 

228,912 

237,028 

243.581 

248.372 

U.S.S.R. 

254.393 

266.304 

278.973 

290,235 

300.020 

308.893 

Japan 

111,566 

116.962 

121,741 

125,870 

129.574 

132,951 

Eastern  Europe 

129,943 

134.485 

139,107 

143,437 

147.638 

151^78 

Western  Europe  , 

^  — ^  >  

343.517 

348.733 

354,878 

362,306 

370.702 

378,222 

5,921,745 

1,274,174 
4,647,571 

758,842 
3.359.092 
580.958 

441,680 


781,174 

1.175,761 
974,282 
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TABLE  2-40  (Cont) 

Kin  thousands) 


1975 

1980 

1985 

1990 

1995 

2000 

LOW  SERIES  (com  \ 

Indonesia 

134,988  ' 

180.321 

195,349 

209,125 

bangMucsn 

79.41!  / 

120,559 

136,299 

>  151,136 

Pakistan 

70,974 

07  \fA 
T  f ,  1  Xrf 

112,735 

128,852 

144,181 

Philippines 

42,630) 

47,462 

52,031 

56,682 

61,635 

66,786 

rnailancl 

->2,352 

4'»,8I3 

53,349 

58,824 

64.219 

69,384 

30Uin  Korea 

36,677 

39.990  * 

43,372 

46,918 

50,390 

53,550 

Egypt 

36^59 

41,918 

46,772 

51,067 

54,909 

58,803 

Nigeria 

62,925 

72,437 

83,907 

97,313 

112,397 

128,749 

Brazil 

108,524 

126,508 

146.582^ 

168,100 

190,688 

213,838 

Mexico 

59,526 

68,S00 

"-^,432 

88,664 

99,451 

110,595 

United  Slates 

213.540 

219,078 

224,962 

229,919 

233,078 

234,328 

USSR 

254,393 

265,031 

275,563 

284.056 

290,495 

295,115 

Japan 

!!!,566 

116,733 

120.884 

124,141 

126,796 

128,891 

Eastern  Europe 

129,943 

134,290 

138,311 

141,656 

144.460 

146,565 

Western  Europe^ 

343.517 

348,457 

353.91^ 

359,983 

366,132 

370,788 

TABLE  2-11 

Census  Bureau  Projected  Total  Fertiiity  Rate*  for  World,  M^for  Regions, 
and  Selected  Countries 


1975 

1980 

1985 

1'^ 

1995 

2000 

HIGH 

SERIES 

World 

4  5299 

4.2163 

4.08^ 

'  4.0523 

1  JUJ 

2.3184 

2.4060 

2  4700 

2.5408 

2.6080 

Less  developed  regions 

5.5202 

'  4.9494 

4.6814 

4.5493 

4  4103 

4.2417 

Msuor  Regions 

Africa 

6.3847 

6  3826 

6  3315 

6  2211 

6.0755 

5.6424 

Asia  and  Oceania 

5  3501 

4.6174' 

4  2917 

4.1600 

4  0175 

3.8829 

Latin  Amenca 

5.3992 

5  2939 

5.1726 

4  9912 

4.7436 

4.4952 

U.S.S.R.  and  Eastern 

Europe 

2  3687 

2  4887 

2.5284 

•2  5642 

2  6178 

2.6719 

Northern  ^menca.  Western 

Europe,  Japan,  Australia. 

and  New  Zealand 

1.9703 

2  1702 

2  2987 

.  2.3832 

2.4577 

2.5^28 

Selected  Coimtries  and  Regions 

People*s  Republic  of  China 

5.1710 

3  6565 

3  0870 

3  0750 

3.0750 

3.0750 

India 

5.3000 

5.2099 

5  1750 

5  0500 

4.8000 

4.5000 

Indonesia 

5  32J5 

4  8805 

4.6495 

4.4490 

4.2495 

4.0000 

Bangladesh 

6  9999 

6  8500  . 

6.5500 

6  1000 

5.5600 

5.0000 

Pakistan 

6.9000 

6.6100 

6.2700 

5.8900 

5.4500 

5.0000 

Philippines 

5.399? 

4.9005 

4.4505 

4.1000 

3.8995 

3.7995 

•  Thailand 

5.1675 

4.7005 

44P00 

4.2005 

^  4.0000 

3.900C 

South  Korea 

3.9251 

3.4000 

3  2250 

3.1249 

3.1100 

3.1000,^ 

E|ypt 

5.8190 

5.8500 

5.7000 

5.4700 

5  1000 

4.6001  . 

^geria 

6  6999 

6  7000 

6.7000 

6,6749 

6.5499 

6.3750 

Brazil 

5.7800 

5.7255 

5.6750 

5.5755 

5.3005 

5.0000 

Mexico 

6.7005 

6.4610 

6  1600 

5.7200 

5.2600 

4.7000 

United  Sutes 

1.7705 

2  2160 

2.4785 

2.6335 

2.6890 

2.6965 

USSR. 

2.4^53 

2.5390 

2.3690 

2.6000 

2.6305 

2.6610 

Japan 

1.9245 

2  1122 

2.3000 

2.3000 

2.3000 

2.3000 

Eastern  Europe 

2.2699 

2.3520 

2.4340 

2.5160 

2.5980 

2.6800 

Western  Europe 

2  0219 

2.0830 

2  <540 

2.2520 

2.3380 

2.4199 

MEDIUM  SERIES 

World 

4  2654 

3.8571 

3.6692 

.  3.5456 

3.4389 

3.3098  ^ 

More  developed  regions 

2.1481 

2.1714 

2.1891 

2.1921 

2  2120 

2.2272 

Less  developed  regions 

5.1473 

4.5051 

4.1862 

1 

3.9683 

3.7789 

3.5775 

fwtiMy  tm%  ^  Omi  y«4r  tfflM  to  ber  Ufnime 


I  wofluB  would  have  over  her  Metime.  MMimmg  the  f^  ipcciflc 


o 
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TABLE  2-11  (Coat) 


1975 

1980 

1985 

1990 

1995 

2000 

MEDIUM  SERIES  (cont.) 

Migor  Regtons 

Africft 

6.3524 

6.2884 

6.1263 

5.8446 

5.4979 

5.0156 

Atift  and  Oceania 

4.8865 

4.0635 

3.7307 

3.5315 

3.3713 

3.^ 

L4itin  America 

5,2679 

5,0546 

4.7661 

4.4427 

4.0520 

3.6391 

U.S.S.R,  and  Eastern  Eu- 

rope 

2.3694 

2.3513 

2.3230 

2.2920 

2.2783 

2.2659 

Northern  America,  Western 

.     /  • 

Europe,  Japan,  Australia. 

and  New  Zealand 

1,9697 

2,0175 

2.0748 

2.1051 

2.1430 

2.1751 

Selected  Countries  and  Regions 

/ 

People's  Republic  of  China 

4.1280 

2.8590 

2.5690 

2.5620 

2.5620 

2.5620 

India 

5.3000 

4,6750  ^ 

4.1749 

3.8750 

3.6500 

3.4999 

Indonesia 

5.3235 

4,7700 

4.4205 

4.1100 

3.8400 

3.5000 

Bangladesh 

6.9999 

6,7400 

6.2700 

5.5900 

4.9200 

4.2500 

Pakistan          ^  ^ 

6.9000 

6.5100 

6.0400 

5.4999 

4.8799 

.  4.2500 

Philippines 

5.0705 

4,3500 

3.8495 

3.4495 

3.3000 

3.1995 

.Thailand 

5.0>C0 

4,2500 

3.9500 

3.6000 

3.3005 

3,1000 

South  Korea 

3.7889 

3,1199 

2.7800 

2.5499 

2.5200 

2.5000 

Egypt 

5.8190 

5,6500 

5.2000 

4.5500 

3,9499 

3,6000 

Nigeria 

6.7000 

6,6800 

6.6499 

6.5250 

6,2750 

5.9000 

Brazil  * 

5.7255 

5,6000 

5.2755 

4.9005 

4,4000 

3,9995 

Mexico 

6.3600 

5,9605 

5.4805 

5.0005 

4,4800 

4^0005 

United  States 

1.7705 

1,8710 

1.9940 

2.0615 

2,0900 

2,0955 

US.SR, 

2.4055 

2,3740 

2.3455 

2.3170 

2.2865 

2,2575 

Japan 

1.9245 

2,0622 

2.2000 

2.1667 

2.1333 

2,1000 

Eastern  Europe 

2.2699 

?,2699 

2.2699 

2.2ovy 

L,lxfr§ 

\vestem  Europe 

2.0220 

2,0520 

2.0919 

i.1340 

2,1740 

^,2070 

LOW  SERIES 

World 

3.9942 

3,5261 

3.3180 

3.0877 

•  2,9026 

2,7546 

More  developed  regions 

2.1473 

2,0363 

2.0050 

1.9429 

1,9092 

1,8694 

Less  developed  regions 

4  7647 

4,0967 

3.7747 

3.4449^ 

3,1796 

2,9761 

Mtuor  Regions 

Africa 

6.3146 

6,1381 

5.7409 

,5.1969 

4.5306 

4.0436 

Asia  and  Oceania 

4.4170 

3,6382 

3.3499 

3.0668 

2,8700 

2,7163 

Latin  America 

5. 1030  • 

4.6033 

4.0976 

3,6399 

3,2144 

2.8949 

U.S.S.R.  and  Eastern  Eu- 

rope 

2.3696 

2.2162 

2.1196 

2.0219 

1,9429 

1,8620 

Northern  America,  Western 

Europe,  Japan,  Austr^ia, 

and  New  Zealand 

1.9695 

1,8774 

1.8986 

1.8653 

1.8622 

1 ,8559 

Selected  Countries  and  Regions 

People's  Republic  of  China 

3.0830 

2.0C00 

2.0500 

2.0500 

2.0500 

2.0500 

India 

5.3000 

4.5250 

3.9500 

3.4250 

3.1500 

3,0000 

Indonesia 

5.3235 

4.5400 

3.9995 

3.4695 

2.9^00 

2,4995 

Bangladesh  ^ 

6.9999 

6.5800 

5.9200 

5.1100 

4.2999 

3.5000 

Pakistan 

6.9000 

6.4500 

5.9000 

5.2300 

4.4300 

3.5000 

Philippines 

4.7995 

3.8995 

3.2505 

2.8500 

26000 

2.5000 

Thailand 

4.9000 

4.0000 

3.4000 

3.0000 

2.6500 

2.4000 

South  Korea 

3.4099 

2.6800 

2.3200 

2.1799 

2.1300 

2,1275 

Egypt 

5.8190 

5.3000 

4.2001 

3.2500 

2.7500 

2.6000^ 

Ni'ieria 

6.6999 

6.6500^ 

6.4500 

6.1300 

4.yyyy 

Brazil 

5.5500 

5.2000 

4.8005 

4.4000 

3.9750 

3,5000 

Mexico 

5.9120 

4.7600 

4.0595 

?.5695 

3.2000 

3.0000 

United  States 

1.7705 

1.6070 

1.6975 

1.6940 

1.6935 

1.6935 

U.S.S.R. 

2.4055 

2.2120 

2.1230 

2.0335 

1.9440 

1.8540 

Japan 

1.9245 

1.9622 

2.0000 

1.9333 

1.8667 

1.8000 

Eastern  Europe 

2.2700 

^.1900 

2.11C3 

2.0300 

1.9499 

1.8700 

Western  Europe 

2.0219 

2.0039 

2.0260 

1.9650 

1.9750 

1.9590 
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TABLE  2-12 

Census  Bureau  Projected  Average  Annual  Population  Growth  Rates  for  World,  M^jor  Regions,  and 

Selected  Countries  (Medium  Series) 

ft  -  * 


1975  to  1980 

1980  to  1985 

1985  to  1990 

1990  to  1995 

1995  to  2000 

World 

1  8 

1,8 

i.8 

1  8 

1.7 

ILInr^  n^v^ln^^H  r9Pir>n*t 

n  7 

n  7 

u.o 

U.J 

2.2  ^ 

2.1 

2  1 

7  I 

2  0 

M^ior  Regions 

Africa 

2.8 

2  9 

2.9 

29 

2.8 

Asia  and  Oceania 

20 

1.9 

1  9 

1.9 

1.8 

Latin  America 

2,9 

2.9 

2.8 

2.6 

2.4 

U.S. S  R.  and  Eastern  Europe 

0.8 

08 

07 

0.6 

06 

Northern  Aftierica.  Western 

*" 

Europe,  Japan,  Australia. 

and  New  Zealand 

0.5 

06 

0.6 

05 

04 

.Selected  Countries  and  Regions 

People's  Republic  of  China 

1,5 

1.3 

1  4 

1  4 

1.4 

India  / 

22 

2.1 

2.0 

1.9  ' 

1.9 

Indonesia 

2.1 

2.1 

2  1 

2  1 

1.9 

Bangladesh 

3,0 

3  0 

2.8 

2.7 

2.4 

Pakistan 

32 

3.2 

.31 

2.9  ' 

2.6 

Philippines 

24 

2.2 

2  1 

2.1 

2  1 

Thailand 

2.5 

2.4  " 

2  3 

2.2 

2.0 

South  Korea 

19 

1  9 

1.8 

L6 

1.5 

Egypt 

2.6 

2  5 

2.3 

2  1 

1,9 

Nigeria 

28 

3.0 

3  1 

3  2 

3.1 

Brazil 

'  32 

3  2 

30 

•  2.7 

2J 

^  Mexico 

3.4 

3  3 

32 

3  0 

2.7 

United  States 

06 

0.7 

0.7 

0  5 

0.4 

U.S.S.R 

09  " 

09 

0.7 

0.6 

Japan 

0.9 

08 

07 

06 

0.5 

Eaftem  Europe 

0.7 

07 

0§ 

0.6 

0.5 

Western  Europe 

0.3  • 

0  3 

04 

0.5 

^0  4 

Cprnmunity  and  Family  Study  Center 
Projections 

The  CFSC  projections  of  population,  fertUity 
rates,  death  rates,  and  birth  r^tes  are  shown  in 
Tables  2-16  through  2~?.0  at  the  end  of  thjs 
section. 

Assumptions 

Fertility  Assumptions.  The  CFSC  prcjections 
rest  on  the  condition  that  fertility  has  considerably 
more  potential  for  change  in  population  growth 
and  hence  is  more  important  than  the  other  two 
components  of  population  growth— migration  and 
mortality.  The  "validity"  of  the  population  projec- 
tion§  in  this  series  depends  then  primarily  upon 
assumptions  made  concerning  fertility.  In  the  case 
of  the  CFSC  projections^  these  assumptions  rest 
upon  a  theoretical  base  somewhat  different  from 
that  employed  by  the  Census  ^Bureau  and  others. 
The  basic  premises  underlying  the  CFSC  argu- 
ment are  as  follows: 

I.  Throughout  the  entire  world,  in  developed 
and  developing  societies,  the  need  to  reduce  the 
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pace  of  population  growth  is  being  increasingly 
felt.  This  pressure  is  manifested  both  at  the 
aggregate  (govenmiental  and  policy)  level  and  at 
the  level  of  the  family  and  the  individual.  Modern- 
ization is  inherently  inconsistent  with  high  fertility, > 
and  high  fertility  is  inherently  inconsistent  with 
most  of  the  objectives  ailU  life  goals  sought  by 
most  peoples  <literacy,  health,  a  higher  standard 
of  living',  better  housing,  basic  luxury  commodi- 
ties, physical  comfort),  liven  in  nations  where  this 
set  of  pressures  has  not  been  officially  recognized, 
^hey  are  present  and  mounting  in  individual  fami- 
lie  .  Environmental,  economic,  and  social  factors 
wil^  increase  this  pressure  substantially  during  the 
, remainder  of  this  century. 

2.  The  present  pace  of  economic  development 
and  modernization  will  bring  down  fertility  to  the 
^placement  level  gradually  through  provision  of 
facilities  and  gradual  accumulation  of  knowledge 
and  niotivation.  The  pace  will  be  somewhat  faster 
than«  that  foUowed  by  Europe  and_  North  America 
during  the  19th  ahd  early  20th  centuries  because 
of  improved  communications  and  improved  meth- 
ods of  contraception. 
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Census  Bisratti  Estimated  and 


TABLE  2-13 

Projected  Crude  Death  Rates  for  World,  »U|or  Resioiis,  and  Selected 
Countries  (Medium  Series) 


World 

More  developed  regions 
l^ss  developed  regions 

M^ior  Regi<)ns 
Afrk:a 

Asia  and  Oceania 
Latin  America 

U  S  S  R,  and  Eastern  Europe 
Northern  America,  Western 

Europe,  Japan,  Australia, 

and  New  Zealand 

Selected  Countries  ahd  Regions 
People's  Republic  of  China 
India 
Indonesia 
Bangladesh 
Pakistan 
PtHlippines 
Thailand 
South  Korea 
Egypt 
Nigena 
Brazil' 
Mexico 
V^lttd  Stales 
USSR. 
Japan 

Eastern  Europe 
Western  Europe 


> 

bstmiaied 

17  f  J 

Projected  July  1  to  June  30 

1979/80 

1984/85 

1989/90 

1994/95 

1999/2000 

12  3 

114 

10.6  , 

10.1 ' 

9.5 

9.1 

9.6 

9.9 

10.0 

10.1 

10.1 

10.4 

13.4 

11.9 

iO.8 

10.0 

9.4 

8.7 

19  0 

17  7  • 

16.0 

14.3 

12.8 

11.3 

13  0 

114 

10.4 

9,7 

9.2 

8.7 

8.9 

80 

7.2 

6.6 

6.1 

5.7 

97 

100. 

10.2 

iO.3 

10.0 

10.5 

9.6 

98 

10.0 

10.1 

.10.2 

10  5 

9.8 

«3 

7  9 

7.9 

8.1 

8.3 

14  4 

12  7  ' 

11.1 

10  I 

9.2 

8.4 

18.2 

16  1 

14.3 

12  7 

11  3 

10.2 

18.2 

16  8 

15.4 

14.2 

13.1 

12.1 

136 

11  7 

10.3 

92 

8.2 

7.3 

101 

9.3 

8.4 

7.4 

6.4 

6.1 

9  9 

95 

9.0 

.8  1 

7.1 

6.7 

6.2 

5.8 

5.6 

54 

5.7 

6,0 

Il5  . 

11  9 

11.0 

99 

9.0 

,  8.3 

22  0 

*  204 

18.6 

16.8 

15,0 

13.2 

83 

73 

6.5 

6.0 

5.7 

5.7 

72 

67 

6.1 

5,4 

5.0 

4.8 

89 

93 

96 

9.8 

10.1 

10.3 

93 

9.7 

lOf^O 

10.2 

10.1 

10.5 

70 

7.1 

7.3 

8.0 

8.8 

9.7 

10  4 

10,7 

10.6 

10.4 

10.0 

10.4 

11  0 

11  2 

11.3 

11  2 

lO'S 

11.1 

The  p^ce  of  fertility  declinie  is  directly 
influenced  family  planning  programs,  organized 
Oil  a  nati^^  or  regional  basis  to  provide  infor- 
mation, motivation,  and  contraceptive  service. 
The  larger  the  per  capita  investment,  the  more 
wholehearted  the  official  support;  and  the  greater 
the  accessibility  to  the  entire  public  of  these 
services,  the  more  rapid  wOl  be  the  decline. 

4.  The  pace  of  the  decline  of  fertility  will  be 
that  of  reverse  S  curve.  When  birth  rates  are 
high  and  family  planning  programs  are  in  stages  of 
establishment  and  gaining  social  acceptance,  the 
pace  will  be  slow.  As  birth  rates  sink  to  lower 
levels,  the  rate  of  decline  will  accelerate  to  a 
maximum  when  the  crude  birth  rate  is  between  3S 
and  20  per  1,000  women.  In  this  interval,  the  pace 
may  be  very  rapid/  When  the  crude  birth  rate 
reaches  the  lower  205,  complete  saturation  of 
contiBception.  is  being  approacKed  Only  young 
people  still  starting  families  and  a  residue  of 
reactionary  **late  adopters"  will  remain  to  be 
convinced  about  the  need  for  fertility  decline.  The 
decline  continues,  but  at  a  decelerating  rate. 


5.  Those  countries  which  now  have  no  family 
planning  programs  mjty  be  expected  to  b^n  at 
least  weak  (partial)  programs  within  the  very  near 
future.  Nations  that  presentiy  have  weak  or  mod- 
erate family  planning  programs  may  be  expected 
to  strengthen  them  substantially.  By  the  end  of 
the  century,  every  nation  on  earth  may  be  ex- 
pected to  have  at  least  some  kind  of  a  substantial 
family  planning  effort  (either  public  or  private  or 
both)  and  these  programs  may  ht  expected  to 
have  a  substantial  impact  in  reducing  fertility 
faster  than  otherwise  would  be  the  case. 

Table  2-15  illustrates  the  impact  on  future  birth 
rates  of  the  factors  identified  above.  The  right- 
hand  column  of  the  table  jhows  the  estimated 
annual  decline  in  crude  birth  rate  that  piay  be 
expected  in  the  future  on  the  basis  of  moderniza- 
tion alone,  with  no  special  efforts  at  provklit^ 
family  planning  information  and  services.  The 
downward  trend  antk^ipated  then  is  almost  linear, 
with  a  one-point  decline  in  the  crude  birth  rate 
every  four  or  five  years.  Under  this  set  of 
conditions,  it  would  require  about  135  years  for  a 
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TABLE  2-14 

CCDaas  Bureau  Esdmatcd  and  Projected  Crude  Birth  Rales  for  World,  Mi^or  Regions,  and  Selected 

Countries  (Medhun  Scrite)  - 


Estimated 

Projected  July  1  to  June  30 

1975 

197W80 

1964/85 

1989/90 

1994/95 

1999/2000 

World 

111  A 

^9.U 

28.3 

27.9 

27.0 

25.6 

More  developed  regions 

16.1 

17.0 

16.4 

15.7 

13. 4Z 

Less  developed  regions 

35.9 

33.3 

32.2 

31,5 

30.3 

9B  A 

Miyor  Regions 

AlTKa 

46.7 

46.3 

45.2 

43.5 

41.4 

38.5 

Aim  ina  cveania 

33.7 

30.2 

29.1 

28.5 

27.6 

25.9 

Latin  America 

37.2 

36.9  ' 

35.6, 

33.7 

31.2 

28  7 

u.a.o.K.  ana  iiastem  curope 

17.7 

18.6 

18.3 

17.1 

16.1 

15.9 

Northern  America,  Western 

Europe,  Japan,  Australia, 

ana  mew  /^eaiand 

14.8 

15.4 

15.9 

15.7 

15.1 

14.5 

Selected  Countries  and  Regions 

People*}  Republic  of  China 

27.6  • 

21.6 

21.0  . 

21.8 

4b  4b  .J 

22.0 

India 

36.9 

33.9 

J I  .J 

90  7 

4C7.  / 

111  1 

27.1 

Indonesia 

40.3 

37.3 

35.3 

Jl.D 

28.9 

Bangladesh 

47.9 

467 

AA  7 

Al  Q 

IS  Q 

35.2 

Pakistan 

44.6 

43  7 

42.0 

39,3 

35.8 

32  1 

Philippines 

35.3 

31.7 

29.5 

27.9 

27.4 

26.3 

1  ImUUUIU 

JJ.O 

34.U 

33.2 

308 

28.1 

26.2 

South  Korea 

26.9 

24.6 

24.1 

22.6 

21.6 

202 

Egypt 

38.9 

38.1 

35.8 

32.1 

28.5 

26.9 

Nigeria 

49.4 

49.5 

^  49.3 

48.4 

46.5 

44.1 

-  Brazil 

40.2 

398 

37.5 

34.8 

.  32.0 

30  3 

Mexico 

42.0 

40.7. 

38.9 

36.7 

34.0 

31.3  , 

United  States 
US.S.R> 

14.5 

16.1 

17.1 

16.3 

14.8 

13  8 

18.1 

19.1 

18.9 

17,4 

16.4 

If  1 

Japan 

17.0 

15.9 

14.9 

14,2  , 

14.4 

14.4 

'  Eastenr^urope 

17.0 

17:6 

17.2 

16.3 

15.6 

*5.5 

Western  Europe 

13.8 

14.3 

15.1 

15.5  " 

15.4* 

14.7 

population  to  make  the  demographic  transition 
from  a  crude  birth  rate  of  45  to  the  replacement 
level  of  about  15  per  thousand. 

TABLE  2-15 
Census  Bureau  Annuiri  Decline  in  Crude  Birth 
Rate 


Crude  Birth  Rate 
ipfr  thousand) 


Strength  of  Family  Planning  Effort 
Strong    Moderate    Weak  None 


45  and  over 

.40 

.33-^ 

.25 

,20 

40-44 

60 

50 

.30 

.20 

35-39 

.80 

.667 

.40 

25 

30-34 

1.00 

.75 

.50 

.25 

25-29  , 

1  00 

.667 

.40 

.25 

20^24 

.80 

.50 

.30 

.20 

15-19 

60 

.333 

.25 

.20 

13-14 

.40 

25 

15 

.15 

40-44  " 

80 

10.0 

17.0 

.25 

^5-39 

6.0 

8.0 

12  0 

.25 

30-34 

50- 

70 

10.0 

,20 

25-29 

5.0 

8.0 

12.0 

.20 

20-24 

6.0 

10.0 

17.0 

.25 

15-19 

8.0 

15.0 

20  0 

.23 

Time  required  to 

decline  from  CBR 

«  45 

toCBR  -  15 

38.0 

58  0 

88.0 

135 

The  "Strong"  column  of  Table  i-15  shows  the 
annual  decline  in  the  crude  birth  rate  that  CFSC 
expects  in  the  presence  of  a  strong,  well-financed, 
well-oiganized,  and  well-administered  family  plan- 
ning program  that  reaches  the  entire  population, 
both  urban  and  rural,  in  a  sustained  way.  Under 
these  conditions,  the  CFSC  estimated  that  the 
annual  rates  of  decline  woidd  be  two  to  four  times 
those  that  would  occur  in  the  absence  of  a 
program. 

This  acceleration  in  the  pace  of  decline,  it  is 
estimated,  would  be  capable  of  bringing  dbout  a 
complete  demographic  transition  from  a  crude 
birth  rate  of  45  to  one  of  15  within  a  span  of  about 
38  years,  or  in  about  one-fourth  the  time  that 
would  be  required  in  the  absence  of  a  family 
planning  program. 

The  assumptions  of  Table  2-^15  were  translated 
into  annual  declines  in  birth  rates  for  individual 
countries  and  regions  of  the  world  on  the  follow- 
ing basis: 

I.  Each  country  was  classified  into  one  of  four 
categories,  according  to  the  level  of  its  family 
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planning  program  effort:  Strong,  Moderate,  Weak, 
or  None. 

2.  The  high  estimates  in  the  table  assume  that 
each  country  will  maintain  its  present  family 
planning  status  and  will  follow  out  the  schedule  of 
changes  in  the  total  fertility  rate  that  would  be 
expected  under  this  set  of  assumptions. 

3.  The  medium  projections  assume  that  the 
schedule  of  fertility  declines  shown  in  the  table 
will  occur,  but  in  addition,  the  respective  nations 
wilt  strengthen  their  family  planning  programs  as 
follows: 

•  Nations  that  presently  have  no  family  planning 
program  will  remain  in  that  status  for  five  years 
(until  1980)  and  then  linearly  trend  toward  a 
weak  program  by  1985.  They  will  then  trend 
toward  a  moderate  family  planning  program  by 
1990  and  a  strong  family  planning  program  by 
the  year  2000. 

•  Nations  that  presently  have,  a  weak  family 
planning  program  will  remain  in  that  status  until 
I960  a»d  then  lineariy  trend  toward  a  moderate 
program  by  1990  and  a  strong  program  by  the 
year  2000. 

•  Nations  that  presently  have  a  moderate  family 
planning  pro^^  will  remain  m  that  status  for 
five  years  and  then  trend  toward  a  strong  family 
planning  program  by  1990  and  remain  in  that 
status  until  the  year  2000. 

•  Nations  that  presently  have  strong  family  plan- 
ning programs  will  remain  in  that  status  for  the 
entire  span  of  time. 

4.  The  low  projections  assume  a  much  greater 
family  planning  effort  than  for  the  medium  projec- 
tions. They  assume  that  the  respective  nations 
will  strengthen  their  family  planning  programs  as 
follows: 

•  Nations  that  presently  have  no  family  planning 
programs  will  linearly  trend  toward  a  weak 
program  by  1985\  a  moderate  program  by  1990, 
and  a  strong  program  by  the  year  1995. 

•  Nations  that  presently  have  a  weak  family 
planning  program  will  trend  linearly  toward  a 
moderate  program  by  1985  and  toward  a  strong 
prc^pim  by  1995.  They  will  remain  in  that  status 
until  the  year  2000. 

•  Nations  that  presently  have  a  moderate  family 
planning  program  will  trend  linearly  toward  a 
stronp  family  planning  program  by  1980  and  will 
remain  in  that  status  until  2000. 

•  Natiods  that  presently  have  a  strong  family 
planning  program  will  remain  in  that  status  for 
the  entire  span  of  time,  but  the  efficacy  of  the 
program  will  improve  linearly  from  its  present 
38  years  for  transition  time  to  one-half  that 
amount  (to  19  years),  equivalent  to  doubling  the 
coefficients  in  the  table  for  the  strong  program. 


When  carried  out  mechanically,  some  of  these 
assumptions,  especially  the  'Mow"  projections, 
will  call  for  birth  rates  that  are  exceedingly  low. 
CFSC  assumes  that  when  crude  birth  rates  (CBR) 
approach  the  replacement  levels--CBR  =  14,  or 
TFR  (total  fertility  rate  per  woman)  2.1— no 
further  fertility  decline  will  be  experienced.  The 
birth  rates  will  be  allowed  to  sink  to  a  niinimum 
level,  and  it  is  assumed  that  they  will  remain  at 
this  level  for  the  remainder  of  the  century.  These 
minimum  levels  are: 

For  high  projections,  TFR  =  2.0  (C?  ^  about 

r4)  ^ 

For  medium  projections,  TFR  =  l.y  (CBR 
about  13.5) 

For  low  projections,  TFR  =  1.8  (CBR  about 
13). 

Thus,  the  medium  and  low  projections  permit 
fertility  to  sink  somewhat  below  replacement 
levels  and  remain  there  indefinitely. 

Birth  rates  in  the  nations  of  Western  Europe 
ana  North  America  are  already  below  replacement 
levels,  but  CFSC  anticipates  that  they  will  remain 
in  this  state  for  a  period  of  10  years  and  will  then 
trend  linearly  toward  replacement  by  the  year 
2000;  for  medium  and  low  projections,  the  rates 
trend  linearly  toward  1900  and  1800  respectively. 
As  these  countries  reach  a  stage  of  absolute  zero 
growth,  it  is  expected  that  systems  of  subsidies 
and  other  inducements  will  be>  launched  that  will 
seek  to  encourage  fertility. 

Mortality  Assumptions.  Throughout  the  world 
there  is  a  slow  but  nevertheless  steady  increase  in 
survivorship  over  mortality.  That  increase  is  great- 
est in  LDCs  where  mortality  rates  have  been  high, 
and  least  in  industrialized  countries  that  have 
already  pushed  public  health  and  medical  technol- 
ogy almost  to  the  limits  of  their  life  saving 
capability.  The  United  Nations  has  made  detailed 
and  careful  studied  of  trends  in  mortality  decline 
and  projected  future  declines  in  mortality,  assum- 
ing'that  national  and  international  efforts  to  pro- 
vide health  and  medical  care  to  the  population 
continue.  These  projected  declines  have  been 
carefully  reviewed  by  the  World  Bank.  It  has 
been  observed  that  in  recent  years  the  declines  in 
mortality  have  not  been  as  great  as  those  antici- 
pated by  the  U.N.  in  certain  countries^  especially 
those  classified  as  underdeveloped."  The  World 
Bank,  with  considerations  of  each  nation's  current 
income  status,  has  therefore  rescheduled  the  ex- 
pected future  morcality  (survivorship)  rates  on  a 
somewhat  less  ortimistic  basis.  In  most  cases, 
these  revisions  have  been  reviewed  with  the 
U.N.,  and  it  is  expected  that  future  U.N.  assump- 
tions will  also  reflect  the  slower  progress  in 
mortality  reduction  encountered  in  recent  years. 
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For  the  CFSC  prelections,  the  mortality  as-  The  Community  and  Family  Study  Center  csti- 
sumptions  of  the  World  Bank  were  accepted  ,  mates  and  projections  are  presented  in  Tables  2- 
without  change.  16  through  2-^20, 


COMMUNITY  AND  FAMILY  STUDY  CENTER  PROJECTIONS 

Conununity  and  Family  Study  Center  (CFSC)  projections  for  ibtal  population,  total 
fertility  rates,  population  growth  rates,  crude  death  rates,  and  crude  birth  rates  are 
presented  in  Tables  2-16  through        In  each  table: 

Asia  and  Oceania  excludes  Japan,  Australia,  and  New  Zealand. 
Eastern  Europe  includes  Albania  and  Yugoslavia, 

Western  Europe  comprises  all  of  Europe  except  Eastern  Europe  (includirig  the 
U,S,S.RO,  Albania,  and  Yugoslavia. 
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TABLE  2-16 

CFSC  Projected  Total  Popuiatkm  for  World,  M^for  Rcgioiis,  and  Sckcled  Countries 

>t  iln  thousands) 

1975  1980  1985  1990  1995  2000 


World 

Msuor  Regions 
Africa 

Asift  and  Oceania 
Latin  America 
U.S.S.R.  and  Eastern 
Europe 

Northerii  America,  Western 
Europe,  Japan,  Australia 
and  New  Zealand  ^ 

Selected  Countries  and  Regions 
People* s  Republic  of  China 
India 
Indonesia 
.  Bangladesh 
Pakistan 
Philippines 
Thailand 
South  Kore^ 
Egypt 
Nigeria 
Brazil 
Mexico 
United  States 
USSR. 
Japan 

Eastern  Europe 
Western  Europe 


HIGH 

4,014,902  4,379,997 


402,363  *  465,323 
2.201,322  2,417,633 


312,372 

356,695 

384,408 

401,934 

714,437 

738,412  * 

896,806 

952,133 

607,375 

675,841 

130,496 

144,184 

79,314 

91,341 

70,267 

80,164 

41,821 

47,823 

41,648 

46,769 

35.274 

38,129 

37,766 

42,257 

62,921 

71,991 

106,997 

122,502 

59,924 

70,136 

216,625 

224,242 

254.394 

266,698 

110,955 

116,990 

130,014 

135,236 

347,439 

355,461 

4,762,226  5,151,919 

536,100  616,108 

2,641,232  2,865,626 

405.041  456,277 

419,237  434,386 


760,6  U&  779,522 


1,002,270  1,048,207 

747,010  821,080 

157,569  170,888 

105,554  121,900 

91,763  105,030 

54.136  60,674 

51,980  57,267 

40,990  43,790 

46,872  51,643 

82,697  95,220 

138,878  156,010 

81,929  95,324 

231,69'3  237,673 

279,145  290.209 

121,333  124,309 

140,092  144,177 

363,684  371,601 


5,553,412  5,973,719 


707,303 

811,216 

3,092,772 

3,325,036 

509,700 

564,195 

446,964 

458,467  ^ 

7%,693 

814,805 

1,092,397  " 

1,138,447 

895,715 

%7,732 

183,481 

194,387 

139,648 

157.978 

119,525 

134,561 

67,185 

73.348 

62,438 

67,034 

46,393 

48,748  ' 

56,404 

61,155 

109,838 

126,850 

173,565 

191,148 

109.979 

125,335 

242,599 

247,714 

299,209 

306,962 

126,981 

130.266 

147,755 

151,505 

387,669 

396,307 

MEDIUM  SERIES' 


World 

4,014,902 

4,380,258 

4,759.425 

5,137,885; 

5,512.997 

5,883,373 

Miyor  Regions 

Africa 

402,363 

465,364 

535,148 

611,779 

694,452 

781^496 

Asia  and  Oceania 

2,201,322 

2,417,830 

2,639,989 

2,858,619 

3,072,769 

3,281,203 

^   Latin  America 

312,372 

356,694 

404,434 

453,695 

503,361 

55  W2 

U.S^S.R.  and  Eastern 

Europe 

384,408 

401>934 

419,225 

434,340 

446,532 

456,934 

Northern  America,  Westf  n 

Europe,  Japan,  Austr  a 

and  New  Zealand 

714,437 

738,436 

760,629 

779,452 

795,883 

812,068 

5m  hamom  om  mxi  ptm 
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TABLE  2-16  (Colit) 

(/if  thousands) 

1975 

1980 

1965 

1990 

1995 

2000 

MEDIUM  SERIES tSon^) 

Selected  Countries  tnd  Regions 

i.001.2J2 

. 

P&ople's  Republic  of  China 

896,806 

952.133 

1 .043.867 

1.083.505 

1.124.943 

IiKii« 

607  .'3  74 

675.629 

745.389 

815,750 

884.040 

946.761 

Indonesia  • 

130.496 

144.184 

157.569 

170.888 

183.481 

194.387 

Banstedeth 

79.314 

91.305 

105.308 

121.156 

137.909 

154.442 

MutUui 

70.267 

80.125 

91.417 

103.848 

116.842 

129.566 

Pliiltppines 

41.821 

54.136 

60.674 

67.185 

73.348 

TbaiUnd 

41.648 

46.769 

5K980 

57.267 

62.438 

67.034 

South  Korea 

35.274 

38.129 

40.990 

43.790 

,  46.393 

48.748 

*  Egypt 

37.766 

42.257 

46.809 

51.344 

55.669 

59,698 

Nigeria 

62.921 

71.977 

82,459 

94.361 

107.476 

121.451 

^            Brazil  ^ 

106.997 

122.502 

138.644 

155.004 

171.070 

186.255 

Mexico  1^ 

59.924 

70.10i 

81.662 

94.409 

107.856 

121,261 

United  Sutes 

216.625 

224.242 

231.693 

237.673 

242.371 

246.844 

U.S.S.R. 

254.394 

266.698 

279.145 

290.209 

298.948 

305.932 

Japan 

1 10.955 

116.990 

!  1.333 

124.309 

126.879 

129.823 

Eastern  Europe 

130.014 

135.236 

t40.080 

144.131 

147,584 

151.004 

Western  Europe 

347.439 

355.^5 

363.697 

371.351 

378.944 

386.147 

LOW  SERIES 

World 

4.0 14.002 

4,378.932 

4.448.622 

5.102.327 

5,437.410 

5.752,309 

Mi^  Regions 

Africa 

402.363 

465.364 

534.732 

610.662 

.689,594 

770.168 

Asia  and  Oceania 

2.201. 3?2 

2.417.413 

2:633.507 

2.834.121  ' 

3.020.138 

8.192.445 

Latin  America 

312.872 

356.291 

402.572 

448.914 

493.386 

533.369 

U.S.S.R.  and  Eastern 

Europe 

384.408 

401.704 

418.151 

431.793 

442.211 

'  450.845 

Northern  America.  Western 

Europe,  Japan.  Australia 

805.482 

and  New  Zealand 

714.437 

738.160 

759.660 

777.437 

792.081 

Selected  Countries  and  Regions 

1.001.0% 

People's  Republic  of  China 

8%.806 

951,795 

1.045.632 

1.086.428  . 

1.125.249  • 

India 

607.374 

675.382 

743.157 

808.157 

867.631 

918.104 

Indonesia 

130.496 

144.228 

156.848 

167.452 

176.344 

183.839 

Bangladesh 

79.314 

91.289 

105,109 

120.368 

135.716* 

149.478 

Pakistan 

70.267 

80.115 

91.217 

103.036 

114.852 

125.556 

Philippine^ 

41.821 

*  47.780 

53.768 

59.410 

64.623 

69.3*0 

Thailand 

'41.648 

46.734 

51.700 

56.262 

60.465 

64.: /2 

South  Korea 

35.274 

38.039 

40.685 

43.261 

45.640 

47,778 

Egypt 

37.766 

42.235 

46.641 

50.809 

54.540 

57,735 

Nigeria 

62.921 

71.975 

82.398 

94.106 

106.774 

1 19.830 

Brazil 

106.997 

122.457 

138.212 

153.458 

16/.673 

180.224 

Mexico 

59.924 

70.093 

81.485 

93.672 

106.008 

U7,50& 

United  Sutes 

216.625 

224.242 

231.693 

237.673 

242.155 

2i5.997 

USSR, 

^54.394 

266.536 

278.365  ' 

288.311 

295.740 

301.563 

Japan 

1 10.955 

116.906 

121.101 

,  123.938 

126.301 

128.863 

Eastern  Europe 

130.014 

135.168 

139.786 

143.482 

146.471 

149.282 

Western  Europe 

347.439 

355.307 

363.010 

370.017 

376.228 

381.870 

•  PnjrtM  Mliy  chufe  to  1«D  tt  slower  in  tlic  medium  » 

erkt  than  m  tbe  tagh  tenet,  and  ta  a  rctuh  tome  country  pro!|ectiom  produce  regional  totals  that  aie 

riigMy  y  ^Iwr  tkM  tlw  mMnm  tenet  then  m  the  kifh  tenet 

Migration 

technological  and  economic  inequalities  that  exist 

between  individual  settlements.  Today,  countries 

Both  sets  of  population  projections  used  in  the 

are  looking  at  the  role  migration  plays  in  both 

Global  2000  Study  assume  no  influence  of  migra- 

urban growth  and  urban  decay  since  most  migra- 

tion. Migration,  of  course,  produces 

no  global 

tion  is,  in 

fact,  to  urban  areas.  Internationally. 

change  in  population,  but  it  certainly  has  regional. 

individual  nation  states  are  beginning  to  look  more 

national  and  local  implications. 

seriously  at  migration  flows  as  they  feel  the  effects 

Modem  migration  has  taken  on  the  characteris- 

of either  a 

rapidly  expanding  or  a 

Stabilizing 

tic  of^an  ebb  and -flow  that  results  from  the 

population,  resource  scarcity,  and  economic  slow- 

6,3 

4 

THE  PROJECTIONS 
TABLE  1-17 


<2^i;itfaiialcd  Total  Fcrtilily  Rate*  tor  World, 
;         lUiloiii,  Mid  Sckdtd  CooBlrits 


1975 

9fino^ 

Hign 

Med- 
ium 

Low 

High 

Med- 
ium 

Low 

r 

World 

3777 

3777 

3777 

2241 

1998 

1800 

mm§fJ9  K€glOll9 

32gO 

3280 

3763 

3535 

'3246 

Asia  and  Oceania 

4201 

4201 

4201 

2000 

1900 

1800 

Latin  America 

4422 

4422 

2547 

2194 

1829 

IT  C  C  D  imA 

v.o.o.K,  ana 

Eattern  £i*it>pe 

2483 

2485 

2485 

2000 

1900 

1800 

Northern  Amcica, 

Western  Europe, 

Japatt:  Australia, 

New  Zealand 

2256 

2256 

2256 

2000 

1900 

1800 

Selected  Countries 

•        ^  a%tt%  ^■vv 

China  (PRO 

3200 

3200 

>32U) 

2O00 

1900 

1800 

India 

5500 

5300 

5500 

3206 

2886 

2471 

Indonesia 

5120 

5120 

5120 

2333 

2333 

1899 

Bangladesh 

6575 

6575 

6575 

4501 

4085 

3409 

Pakistan 

6265 

6265 

6265 

4170 

3583 

3053 

Philippines 

5505 

5505 

5505 

25"  ^ 

2526 

2037 

4ejU 

20j^ 

2036 

1800 

South  Korea 

^580 

3580 

3580 

2OO0 

1900 

1800 

Egypt 

5210 

5210 

5210 

2986 

2596 

2182 

Nigeria 

HJJOtCk 
ynrfy 

MOO 

5761 

4790 

4499 

Brazil 

5150 

5150 

5150 

2937 

2536 

2122 

Mexko 

^133 

6133 

6133 

3956 

3429 

2898 

United  SUtes 

I7» 

1799 

1799 

2000 

1900 

1800 

U.S.S.R. 

2417 

2417 

2417 

2029 

1900 

1803 

Japan 

2159 

2159 

2159 

2000 

1900 

1800 

Eastern  Europe 

2034 

2034 

2034 

2000 

1900 

1800 

Western  Europe 

2205 

2205 

2205 

2000 

1900 

1800 

*  TIm  total  iHtiily  ran  in  «  ytw  bMicaSy  rtprtMtts  tke  avcr^  nuibcr  of 
cMMraa  vKk  worn  wo«i  ],  lM«e  om  Iwf  UMm.  mmmnIiv  Uh  i^tpccrfk  fcftilify 
MM  for  IIM  yMT  tppMcd  to  ter  Hfattee  ^ 

»  RcfMMil  m^mtm  for  2000  wm  wM  bMCd  m  i«rttMcd  pn^ccted  fertility  nilei 


down.  The  developing  countries  are  looking  at 
how  migration  mig^t  relieve  their  4evelopniental 
pressures,  while  the  industrialized  countries  strug- 
gle to  determine  whether  migration  will  exaceitate 
or  relieve  their  current  economic  worries.  Essen- 
tially, what  concern  there  is  for  the  migration 
issue  is  of  an  economic  nature  with  little  attention 
being  given  to  the  demographic,  environmental, 
and  resource  consequences  ^  continued  large- 
scale  migration. 

The  study  of  migration  is  at  least  as  complex  as 
the  study  of  fertility  and  mortality.  The  latter  are 
distinct  bioiogical  processes  that  are  relatively 
easy  ta  distinguish  and  record.  Migration  is  a  less 
distinct  process  that  can  have  several  stages.  For 
inst9nce,  a  person  may  move  first  from  his  rural 
village  to  an  uitan  area  neaity.  Failing  to  find  the 
personal  opportunities  he  expected,  he  crosses  the 
border  and  enters  a  second  country.  After  remain- 


ing there  for  a  period  of  months  or  yfars,  he  may 
move  again,  either  to  a  third  destination  or  back 
to  his  country  of  origin. 

The  measurement  of  these  movements  within 
countries  and  across  national  boundaries  is  decid- 
edly more  difficult  than  the  recprdilig  of  births 
and  deaths  and  at  least  as  difficult  as  determining 
the  cause  of  changes  in  the  rates  of  fertility  and 
mortality.  Countries  have  bepome  increasingly 
interested  in  the  collection  of  immigration  statis- 
t's as  they  have  sought  to  control  their  growth 
through  restrictive  immigration  policies, , but  the 
collectkHi  of  emigration  statistics  is  stiti  limited  in  ^ 
most  areas  of  the  woild. 

The  measurement  of  migration  is  further  com- 
plicated by  definitional  problems.  The  effect  of 
migration  on  a  sending  or  receiving  country  is 
sure  to  be  different  if  a  migrant  is  temporary 
rather  than  pemiancnt.  (The  U.N.  has  defined  a 
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TABL£  2-18 

CISC  Projected  Average  Animal  Popuhlipii  Growtfi  Rates  for  World,  Mi^or  Regpons,  and  Selected 

Countries  (Medkun  Scries) 


- 

1975-79 

1990^ 

1985-89 

1990-94 

1995-99 

World 

1.82 

1.73 

1.59 

1  46 

1.34 

MaioT  Regions 

Africa 

3.13 

3.00 

2.86 

2.70 

.  2.51 

^sia  and  Oceania 

1.97 

1.84 

1.66 

1.50 

1.36 

Latin  America 

2.S4 

2.84 

2.44 

2.19 

1.92 

U.S.S.R.  rnd  Eastern  Europe 

U.oo 

U.72 

it  56 

U.47 

Northern  America.  Western  Eii« 

rf\w%^     \at%Mn     Alictralisi  unri 
rupc,  jm^fmUt  /^iiaiiaiiH»  anu 

0.67 

0.60 

0.49 

0.42 

0  41 

Selected  Countries  and^Regions 

People's  Republic  of  china 

1.^4 

l.U/ 

U.Oj 

U.  /4 

V.  /4 

India 

2.03 

1.82 

1  ftl 

1.38 

Indonesia 

2.05 

1.83 

L59 

1.35 

1.10 

Bangladesh 

2.87 

2.92 

2.84 

2.61 

2.28 

Pakistan 

2.72 

2.79 

2.74 

2.53 

2.20 

■  niii|' pines 

2.75 

2.55 

2.31 

2.04 

1,77 

Thailand 

2.38 

2.19 

1.97 

1.73 

1.42 

South  Korea 

L57 

1  46 

L33 

U6 

1  00 

Egypt 

2.31 

2.11 

1.87 

1.61 

1.40 

Nigeria  * 

2.74 

2.77 

2.73 

2.63 

>  2  47 

Brazil 

2.78 

2.56 

2.26 

1.98  ^ 

1.72 

Mexico 

3.22 

3.14 

294 

2.69 

2.37 

United  States 

0.69 

0  65 

0.51 

0.39 

0.36 

U.S.S.R. 

0.94 

0  91 

0.78 

0.59 

0.46 

Japan 

1.06 

0.73 

0.48 

0.4! 

0.45 

Eastern  Europe 

0.80 

0.72 

0.58 

0.48 

0.46 

Western  Europe 

046 

0.46 

0.43 

0.40 

0.38 

temporary  or  short-term  immigrant  as  a  nonr^i- 
dent  intending  to  take  up  a  remunerated  occupa- 
tion for  one  year  or  tess.) 

Recent  Trends 

People  began  migrating  from  the  then  developed 
world  to  the  less  developed  in  massive  numbers 
between  1840  and  1930.  In  the  past  100  years,  25 
million  persons  emigrated  from  Italy  alone,  a  huge 
movement  when  compared  with  its  present  day 
population  of  55  million.  This^  trend  of  migration 
continued  in  pulses  of  varying  strength  through 
19S0  with  the  rec^ient  nations  developing  and  in 
some  cases  surpassing  the  countries  of  origin  in 
their  stage  of  development. 

Since  the  end  of  World  War  11,  the  flow  of 
migrants  from  the  developed  countries  of  northern 
Europe  has  slowed,  and  the  historic  pattern  of 
migration  from  ^he  less  to  the  more  developed 
countries  has  returned.  The  poorer  countries 
around  the  Mediterranean  and  those  of  Latin 
America,  Africa,  and  Asia  are  now  supplying 
increasing  numbers  of  migrants.  Before  attempting 
to  predict  future  migration  flows  and  their  impact, 
a  leview  of  migration  patterns  since  1950  is  in 
oixler. 


North  America  and  Oceania.  The  United 
States,  Canada,  Australia,  and  New  Zealand  have 
long  been  the  principal  countries  of  destination  for 
European  emigrants.  According  to  the  I  .N.  1976 
''Report  on  Monitoring  Population  Trends,**  the 
gio:»i>  intake  ot  immigrants  by  these  four  countries 
during  19!^0-74  amounted  to  more  than  i6  million, 
with  net  immigration  totaling  about  8.3  million  in 
the  United  States,  2.2  million  in  Canada,  1.9 
million  in  Australia,  and  200,000  in  New  Zealand. 
But  by  the  late  1960*  s  Latin  America  had  sur- 
passed Europe  as  the  region  supplying  the  laigest 
numbers  of  legal  immigrants  to  the  United  States. 
In  the  1970*s,  the  proportk)n  from  Latin  America 
stopped  rising  and  in  fact  declined  slightly.  Similar 
reversals  also  took  place  in  Canada,  Australia, 
and  New  Zealand. 

Europe.  While  international  migration  within 
Europe  is  not  new,  it  has  assumed  a  laiger  volume 
and  taken  on  different  patterns  since  the  Second 
Wortd  War,  paTikularly  since  the  eariy  1960s.  The 
increasing  inflows  from  Turkey,  and  North  Africa 
and  a  high  return  rate  among  Eifiropean  emigrants 
appear  to  have  led  to  a  net  immigration  for  the 
continent  in  the  1970-74  period  before  immigration 
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TABLE  2-19 

Eatfanatcd  and  Projected  Crude  Death  Rates  for  World,  Mnjor  Regions,  and  Selected  Countries 

(Medium  Series) 


Estimated 
I975- 

Projected  July  1  to  June  30 

1979/80 

1999/2000 

World 

11.2 

10.56 

9.71 

9.06 

8.61 

8.25 

M:^HH'  Regions 

AOica  , 

18.9 

16.03 

12.30 

11.29 

A  Ma  and  Oceania 

10.0 

10.91 

Q  05 

9.26 

8.81 

8.42 

Latin  Amcnca 

8.8 

7.86 

6-34 

6.14 

5.73 

U.S.S.R.  and  Eastern  Europe 

97 

9  I* 

Q  (VI 

O  1  o 

9.28 

Northern  Amenca,  Western 

H 

Europe,  Japan,  Austf3>ia 

and  New  Zealand 

90 

9.30 

O  Ofi 

y  y© 

•  U.  lo 

10.22 

Selected  Countries  and  Regions 

Ptopie^s  Republic  of  China 

6  0 

9.45 

898 

8.69 

8  57 

8.46 

India 

15  0 

14  |g 

13.20 

12.39 

11  69 

11.10 

Indonesia 

18.0 

14  27 

12.93 

12.04 

11.27 

10.65 

Bangladesh 

20.0 

15.34 

13.84 

12.12 

10.73 

Pakistan 

li.Uj 

1  l-Vo 

10.99 

9.92 

Philippines 

10.0 

»  8.72  ' 

7.72 

7  05 

6.49 

5.90 

Thailand" 

90 

7  85 

7.23- 

O.JO 

6.39 

6.07 

South  Korea 

7.0 

7.92 

7.68 

7.03 

694 

6.58 

Egypt 

12.0 

13  02 

"10.56 

9.39 

8.69 

Nigeria 

23  0 

20  59 

17.06 

15.21 

13.44 

Brazil 

9.0 

8.30 

7J6 

6  63 

6  07 

5.62 

Mexico 

70 

7  87 

6% 

6.01 

5.29 

4.67 

United  States 

9.0 

9.39 

9  29 

9.37 

9.43 

9.55 

U.S.S.R  ,  ^ 

9,0 

8.63 

8.63 

8.84 

9.07 

9.14 

Japan 

60 

7  01 

7  35 

7.98  " 

8.40 

9.U4 

Eastern  Europe 

9.7; 

10  03 

10.09. 

10.45 

10  7J 

10.72 

Western  Europe 

9  1/ 

V  1088 

10.81 

10.88 

10  80 

10.54 

•  Tlf*  flfuw  wrrc  Uken  from  Agency  for  IntematioiiairDcvetopnient.  Estimated  Fopulanon.  Crude  Btrih 
Evtry  Cpuiurit  and  Re/fton  cf  the  World.  1975.  they  wer^not  used  a$  ba%e  numbers  for  these  projections 

and  Crude  Death  Rate 

and  Hale  of  Natural  increase  for 

was  slowed  by  hie  effect  of  the  world  energy 
crisis. 

Compared  to  the  rest  of  Europe,  Southern 
Europe  has  had,  until  very  recently,  relatively 
high  rates  of  natural  population  increase,  resulting 
in  an  excess  labor  supply,  and  large  numbers  of 
migrants  left  the  region  in  searx:fi  of  better  oppor- 
tunities. At  first,  they  went  mainly  to  overseas 
areas,  but  beginning  in  the  late  1950s  they  went 
increasingly  to  the  industrialized  countries  of 
Western  and  Northern  Europe. 

Africa.  According  to  recent  estimates  of  the 
International  Labor  OflBce,  about  1.6  million  per- 
sons from  North  African  countries  (mainly  Al- 
geria, Morocco  and  Tunisia)  were  living  in  Europe 
at  the  beginning  of  1975.  More  than  90  percent  of 
the  Algerian  migrants  had  gone  to  France.  Emi- 
gration from  Egypt,  though  increasiiig.  has  been 
on  a  smaller  scale,  with  Australia,  Canada,  and 
the  United  States  as  the  main  destinations. 

Migration  within  Africa,  which  tends  to  be 
mostly  of  an  intraregional  character,  Has  greater 
s^nificance  than  intercontinental  migration.  The 


s^nifican 


main  patterns  of  this  migration  were  established 
during  the  period  of  cdonial  rule,  and  the  general 
tendency  of  newly  independent  states,  for  either 
economic  or  political  reasons,  has  been  to  reduce 
movements  across  national  boundaries.  The  larg- 
est importer  of  African  labor  has  been  the  Repub- 
lic of  South  Africa,  but  this  migration  is  of  a 
temporary  nature,  most  workers  being  restricted 
from  bringing  their  families  and-^from  stayirig  in 
South  Africa  for  more  than  two  years. 

Latin  America.  The  principal  countries  of  im- 
migration in  Latin  America  are  Argentina,  Uru- 
guay, Venezuela,  and  Brazil.  The  flow  of  immi- 
grants to  these  countries  from  other  Latin 
American  countries  and  from  Italy,  Spain,  and 
Portugal,  heavy  during  the  1950s,  was  cut  by 
more  than  half  in  the  1960s. 

Little  is  known  of  the  migration  of  Latin 
Americans  to  Europe.  The  statistk:s  of  Northern 
and  Western  European  countries  give  no  indica- 
tion of  significant  numbers  of  migrants  from 
Spani^>.  peaking  Latin  American  countries.  The 
countries  of  Southern  Europe,  which,  owing  to 
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TABLE  2-20 


CF$C  Estfanatod  and  Projected  Crude  Birth  Rates  for  World,  Mi^  Regioiis,  and  Selected  Countries 

(Medium  Series) 


Estimated 

IT/ J 

Projected  July  1  to  June  30 

1979/«0 

1984/85 

1989/90 

1994/95 

1999/2000 

World 

26  6 

24  45 

22*80 

20  79 

19.60 

17.90 

Mi^or  Regions 

33  91 

Africi^ 

43.4 

37.20 

35  66 

31.85 

29.25 

Asia  and  Oceania 

Z7,\J 

25  (W 

23.07 

20  53 

19  24 

17.29 

Latin  America 

28.28 

26.35 

23.87 

.  24  55 

24.32 

U.3.3.K.  apo  eastern  curope 

ton 
io  U 

17.13 

15  M 

13  79 

*  i?  54 

13.40 

Northern  America.  Western 

Europe.  Japan.  Australia 

and  New  Zealand 

14  5 

!5i62 

15  05 

M23 

13.89 

13.45 

Selected  Countries  and  Regions 

'  People's  Republic  of  China 

26.0 

20.09 

18  28 

15  % 

16  10 

15  82 

India 

35  0 

34  51 

32  08 

29  41 

26.64 

23.41 

Indonesia 

38.0 

32  74 

29  99 

27  26 

24.32 

20.55 

Bangladesh 

40 

45.34 

43  72 

41  29 

36.39 

31.71 

P^tstan 

44.0 

40  92 

39.08 

36  80 

33  16 

29.05 

Philippines 

35  0 

34  46 

31  61 

18  61 

25.60 

21.73 

Thailand 

31.0 

29.^0 

27  6^ 

24  95 

22.18 

18.48 

South  Korea 

24  0 

22  56 

21  66 

19  0<:' 

17  63 

15.75 

Egypt 

36.0 

34  27 

31.04 

'»"68 

24.59 

21.31 

Nigeria 

49  0 

47  75 

45  /3 

88 

40.41 

37.54 

Brazil 

37  0 

34.20 

30.95 

27.5, 

24  48 

21.11 

Mexico 

38.0 

38  97 

36.71 

3<  0^ 

30.3^ 

26.38 

United  Sutes 

15.0 

14  14 

14.68 

14,32 

13.40 

12.80 

USSR. 

18.0 

17.01 

16  10 

14  42 

n.69 

13  23 

Japan 

I..0 

14  83 

12  98 

1240 

.J  00 

13.57 

Eastern  Europe 

18.1 

14.58 

1381  " 

12.93 

13.06 

13.13 

Western  Europe 

13.7 

13.64 

13  45 

13  02 

13.23 

!103 

•  The»e  ftgurcs  were  uken  from  Afertcy  for  Intenuticoii  Devetopmcm.  estimated  Fo/mlatton,  Cntdt  Firth  and  C  rude  Death  Rate,  and  Rate  of  Natural  Increase  for 
Every  Commry  ai^  Region  of  the  World,  1975.  they  were  not  Mi«d  as  buc  numbers  for  these  provecUons 


cultural  similarities,  might  hava  attracted  su«.h 
migrants,  gener^ly  publish  immigration  data  only 
for  returning  nationals. 

Several  new  or  intensified  currents  of  emigra- 
tion from  Latin  America  since  1950  include  a 
sharply  rising  trend  of  enligration  from  Spanish- 
speaking  areas  of  the  region  to  the  Urited  States, 
a  subsianiiai  flow  from  the  former  British  West 
Indies  to  Canada  and  the  United  States,  ^  well 
as  to  the  United  Kingdom,  and  a  flow  of  consid- 
erable significance  in  repent  years  from  Surin^ 
to  the  Netherlands. 

N.exico  and  Cuba  have  sent  the  largest  numbers 
of  Latin  American  migrants  to  the  United  States. 
The  estimated  number  of  Cubans  in  the  U.S.  in 
1974  equaled  nearly  6  percent  of  the  Cuban 
population.  Three  other  C.  ^hbean  countries  have 
equally  large  percentages  of  their  population  that 
have  migrated  lO  the  U.S.:  Jamaica  (6  percent) 
and  Trinidad  and  Toba^  (5  percent  each). 

Migration  between  Latin  American  countries 
has  taken  on  greater  importance  since  1950  with 
Argentina  and  Venezuela  being  the'principal  coun- 
tries of  immigration  and  Paraguay,  Chile,  Colom- 


bia, Bolivia,  and  El  Salvador  the  principal  coun- 
tries of  emigration.  In  contrast  to  previous  trends, 
the  bulk  of  the  current  migration  is  of  an  intracon- 
tinental  nature. 

A^tu.  Except  in  western  South  Asia,  relatively 
little  migration  in  the  economic  s  ,  has  occurred 
between  Asian  countries  since  1950.  In  recent 
decades  the  largest  international  migration  move- 
ments in  Asia  have  been  refugee  movements. 

One  of  the  m^or  Asian  migration  movements 
since  I960  has  been  the  flow  of  Turkish  workers 
to  Western  Europe.  Workers  sent  abroad  through 
the  Turkish  Ministry  of  Labor  totaled  569,200  for 
1960-71,  and  many  others  emigrated  wiuwut  going 
through  official  channels.  The  Federal  Republic  of 
Germany,  the  main  receiving  country  for  Turkish 
migrants,  recorded  429,000  Turkish  nationals  in 
their  May  1970  population  census.  Between  1970 
and  1974  the  number  douUed,  bringing  ihe  num- 
ber of  Tiirkish  immigrants  in  Germany  close  to  I 
million. 

Another  major  Asian  migration  flow  was  the 
movement  of  Indians  to  the  United  Kingdom  from 
1950  to  1975,  with  njore  than  20,000  Indians 
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entering  the  U.K.  each  year  durir«  the  !%05.  The 
I  asted  States  replaced  the  United  Kingdom  as 
e  leading  country  of  destination  for  Indians  by 
".e  1970s.  Indian  migration  tr  Australia  is  also  on 
V  t  me. 

Modem  migration  flows  in  western  South  Asia 
are  probably  best  described  by  the  "push"  and 
''pull*'  principle  which  is  in  operation  around  the 
globe  today.  Foreign  workers  have  begun  to  flow 
into  oil-producing  countries  in  western  South  Asia 
and  North  Africa  to  fill  the  jo^  created  as  a  result 
of  the  increased  oil  revenues  of  recent  years. 
Migration  in  this  region  has  been  stimulated  by 
existing  disparities' among  the  Arab  States.  Those 
states  that  are  rich  in  resources  and  have  been 
experiencing  raf  d  economic  growth  lack  qualified 
manpower,  whule  other  countries  in  the  region 
lack  resources  but,  have  an  abundance  of  man* 
power.  Migrants  to  the  resource-rich  countries 
have  been  mainly,  but  not  exclusively,  Arabs; 
they  have  also  been  workers  from  more  distant 
countries  such  as  I^kistan  and,  to  a  lesser  extent, 
India.  By  early  1976,  according  to  press  reports, 
an  estimated  50,000  Pakistanis  were  living  in  the 
United  Arab  Emirates  and  around  30,000  in  Ku- 
wait. 

Though  it  is  impossible  to  predict  the  size, 
composition  and  destination  of  future  migration 
flows  ii  is  safe  to  assume  that  international  flows 
will  continue  to  function  in  response  to  global 
technical  and  economic  inequalities,  but  accept- 
air  f  of  these  influxes  will'  vary  according  to  the 
:hanging  needs  <j{  the  country  in  question.  Al- 
ready we  see  many  areas  of  the  world  where  the 
size  of  the  migration  flow  exceeds  the  perceived 
needs  and  hospitality  of  the  countries  of  destina- 
tion. More  people  wish  to  enter  the  United  States 
than  are  allowed  under  current  U.S.  immigration 
law,  and  migrants  ^  entering  outside  the  legal 
immigration  process. 

Historical  immigration  flows  were  not  thought 
to  have  much  impact  on  the  population  of  receiv- 
ing countries,  since  such  countries  were  experi- 
encing high  birthrates,  which  reduced  the  contri- 
bution immigration  made  to  their  annual  gro'Alh. 
The  m^jor  receiving  countries  today,  however, 
have  low  birthrates,  which  either  stabilize  or 
reduce  the  native  population.  As  a  consequence, 
immigraiion  is  accounting  for  3  higher  percentage 
of  their  ''inual  growth  tha^i  ever  before—^  posi- 
tive or  negative  phenomenon,  depending  on  the 
population  goals  of  the  receiving  countries. 

Neither  intemal  nor  international  migration  are 
expected  to  '  ..ve  a  direct  effect  on  projected 
trends  in  total  worid  population  growth.  Even  if 
the  fertility  and  mortality  experiences  certain 


tvpes  of  migrants  .change  from  previous  levels,  the 
average  fertility  aiid  mortality  experiences  for  all 
migrants  must  significantly  differ  from  pre-migra- 
tion  levelf  in  order  to  have  a  noticeable  affect  on 
the  proje  3ns.  The  following  discussion  consid- 
ers whether  or  not  such  changes  are  likely  to 
occur  and  the  extent  to  which  this  may  affect 
world  population  growth. 


Intemattonal  Migratton 

International  migration  will  have  a  direct  effect 
on  the  projected  growth  of  countries  and  regions 
in  proportion  to  the  net  movement  across  bound- 
aries. The  total  effect  will  be  a  combination  of 
these  direct  effects  and  the  indirect  effects  of  # 
fertility  and  mortality  experiences  v  thin  the  mi- 
grant population. 

International  migration  on  a  world  scale  is  a 
relatively  unstudied  aspect  of  population  change, 
due  to  the  lack  of  complete  and  reliable  measures 
Tor  most  countries,  particularly  the  LDCs.  Thus, 
any  set  of  national  and  regional  population  projec- 
tions on  a  global  scale  must  either  exclude  consid* 
eration  of  international  migration,  as  was  done  in 
the  Global  2000  Study  projections,  or  selectively 
include  available  data — the  approach  taken  by  the 
Uqjted  Nations  in  its  1977  study  World  Population 
Prospects  as  Assessed  in  1973  (Population  Studies 
No.  60).  The  distribution  of  the  worid  population 
in  1975  is  very  similar  for  both  the  Global  2000 
Study  medium  projections  (without  migration)  and 
the  U.N.  medium  variant  projection  series  (with 
migration).  The  change  in  distribution  implied  by 
each  of  the  two  studies  for  the  years  1975  and 
2000  is  shown  in  Table  2-21. 

individual  Countries.  The  change  in  the  per- 
centage of  the  world  population  represented  by 
any  particular  country  will  be  somewhat  afEiBcted 
by  the  net  growth  in  all  countries  or  regions;  ♦ 
however,  large  changes  will  reflect  differences  in 
the  assumptions  of  growth  within  the  country.  If 
the  figures  in  Table  2-21  showing  the  change  in 
percent  of  world  population  1975-2000  were 
rounded  to  the  nearest  whole  percent,  only  two 
estimates  of  cnange — People's  Republic  of  China 
and  Bangladesh — would  differ  between  the  two 
projections.  If  rounded  to  the  nearest  tenth  of  a 
percent,  only  two  estimates  of  change — People's 
Republic  of  China  and  India — would  differ  by 
one-half  of  I  percent  or  more.  The  significance  of  * 
this  observation  is  that  the  largest  differences 
between  the  net  change  of  selected  countries,  as 
shown  ill  the  table,  occur  in  cases  where  no 
«nigration  was  assumed  by  the  United  Nations. 
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TABLE  2^1 


ComiMriMNi  of  Globid  2000  Mcdimn  Series  ProJedkNis  Wkhoul  Migratioa,  and  O.N.  Mcdhun  Vuiuit  Projectkms 

Witb  Migration,  1975  and  2000 


{Population  in  millions) 


1975 


2000 


Globa]  2000  Study 
Medium  Scries 


U.N.  Mc^.um 
Variant  Series 


Glob»  2000  Study 
Medium  Series 


U.N.  Medium 
Variant  Series 


Change  in  Percent 
of  World  Pop, 


Popu- 
lation 

Percent 
of  Worid 
Pop 

Popu- 
lation 

Percent 
of  World 
Pbp. 

Popu- 
lation 

Percent 
of  World 
Pop. 

Popu- 
lation 

Percent 
of  Worid 
Pbp. 

Global 
2000 
Series 

U.N.  4 
Medium 
Variant 

World 

4,090 

luO.O 

3,968 

100,0 

6,351 

100.0 

6,254 

100.0 

— 

— 

More  developed  regions^ 

1,131 

27.7 

1,132 

28.5 

1,323 

20.8 

1,360 

21.8 

-6.82 

-6.77 

Less  developed  reg.jns^ 

2,959 

72.4 

2,836 

71.5 

5,028 

79.2 

4,894 

78.3 

+6.82 

+6.77 

M^jor  Regions 

4,090 

100.0 

3,968 

100.0 

6,351, 

100.0 

6.254 

100.0 

— 

— 

Africa** 

399 

9.8 

401 

10  1 

814 

128 

814 

13.0 

+  3.07 

+  2.90 

Asia  and  Oceania** 

2,274 

55.6 

2,150 

542 

3,630 

57.2 

3,513 

56.2 

+  1.55 

+  1.99 

Latin  America** 

325 

7.9 

324 

8.2 

637 

10.0 

620 

9.9 

+  2.09 

+  1.74 

U.S.S.R.  and  Eastern  Europe 

384 

9.4 

385 

9  7 

460 

7.3 

466 

7.5 

-2.15 

-2.25 

Nnrtlvrn  America  Western  Eurone  ^ 

Japan,  Australia,  an  J  New  Zea- 

land** 

706 

17.3 

708 

17.8 

809 

12.7 

842 

13.5 

'-4.57 

-4.38 

Selected  Countries  and  Regions 

oU.Z 

1   1  Tit 

i,l7o 

fiA  1 

4,o07 

Tit  C 

7o.o 

4, Vol 

Tit  1 

7o.l 

J.Ol 

3.y3 

iTopie  s  KepuDiic  oi  L^nina 

Z 1 . 1 

1  ,3*T 

LM.Tf 

1  \AQ 

1 ,14o 

Ifi  A 

I.t3 

iiKiia 

Dl6 

1 3. 1 

013 

13.3 

1 

10. 1 

1  ,U37 

lit  Q 

+u  y3 

+  i.4y 

Indonesia 

135 

3.3 

136 

3.4 

226 

3.6 

238 

3.8 

+0.26 

+0.37 

Bangladesh 

79 

»  9 

74 

1.9 

159 

2.5 

14s. 

23 

+0.56 

+0.45 

Pakistan 

71 

1  7 

71 

1.8 

149 

2.4 

147 

2.4 

+0.61 

+0.57 

Philippines 

43 

1.1 

44 

1.1 

73 

1  2 

90 

1.4 

+0.10 

+0.31 

Thailand 

42 

1.0 

42 

1.1 

75 

1  2 

86 

1.4 

-  +0J4 

+  0.31 

South  Korea 

37 

0.9 

35 

0.9 

57 

0.9 

53 

0.9 

0.00 

-0.02 

Egypt 

37 

0.9 

38 

1.0 

65 

1.0 

65 

1.0 

+0.13 

+0  08 

Nigeria 

63 

1.5 

63 

1.6 

135 

2.1 

135 

2.2 

+0.58 

+0.57 

Brazil 

107 

2.67 

110 

2.8 

226 

3.6 

213 

3.4 

+0.90 

+  0.63 

Mexico*^ 

60 

1  5 

59 

1.5 

131 

2.1 

132 

2.1 

4  0.61 

+0.62 

United  States*' 

214 

5.2 

214 

5.4 

248 

3.9 

264 

4.2 

-1.31 

-1.16 

U.S.S.R. 

254 

6.2 

255 

6.4 

309 

4.9 

315 

5.0 

-1.36 

-1.39 

Japan 

H2 

2.7 

111 

2.8 

133 

2  1 

133 

2.1 

-0.64 

-0.67 

Easteni  Europe 

130 

3.2 

130 

3.3 

152 

2.4 

151 

2.4 

-0.79 

-0.86 

Western  Europe'* 

344 

8.4 

343 

ti.7 

378 

6.0 

388 

6.2 

-2.44 

-2.44 

No«t  Ptpim  may  not  add  to  touUi  due  to  roundrng  V 

**'llorc  davtloftd  rtffOM"  tompttvt  Northern  America,  temperate  South  AmcrK  v.  Europe.  USSR.  Japan.  Auttrtfia.  New  Zealand,  alt  other  regKMis  are  ciastifled  as  "test  developed  "  "Asia 
mA  Ocataia"  e«cbdn  Japan.  Australia,  and  New  Zealand.  "Eastern  Europe"  inciudes  Albania  and  YupMlavia  "W^JcIn  Europe"  comprises  all  of  Europe  except  Eastern  Europe  (tnchidmt  the 
U  i  S.H.).  A»«iia.  ud  Yu•(Mlavi^ 

^MigrtiiM  jap—pfirms  ware  madt  hy  the  U  N.  in  i«gvd  to  these  rettons  and  natkms  only;  the  others  were  assumed  to  have  no  migralMMi 
Source  U.N  d«a  ars  from  Worid  PopMott  frvMpetts  ms  Asstutd  in  197S  (U  N  ropiaalion  Studies  No  «0).  1977.  Tabie  2t 
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Thus,  it  is  easy  to  sec  that  the  projected 
distribution  xA  the  world  population  by  country  in 
the  year  2000  is  likely  to  be  mote  affected  by  the 
assumptions  of  fertility  ^d  mortality  than  by 
selectively  including  assumptions  reganling  inter- 
national  migration.  This  dots  not  exclude  the 
intportance  of  projected  niigration  trends  for*  the 

^  fimift  of  individuiJ  countries;  rather  it  illustrates 
the  relative  importance  of  such  trends  in  determin-^ 
ing  global  projections. 

When  international  migration  between  specific 
countries  is  an  important  concern,  such  as  be- 
tween the  United  States  and  Mexico,  a  case  study 
a^iproacK  provides  the  best  opportunity  to  char- 
acterize and  assess  the  situation.  This  is  particu- 
larly true  when  registered  data  or  official  estimates 
on  migration  are  considered  to  be  incomplete.  In 
the  case  of  the  United  States  and  Mexico,  it  is 
suspected  tl^t  there  arc  a  significant  number  of 
illegal  migrants  in  addition  to  the  legal  migrants; 
however,  neither  the  U.S.  Bureau  of  the  Census 
nor  the  U.S.  Immigration  and  Naturalization  Serv- 
ice have  enough  hard  data  to  officially  estimate  or 
projed)^  the  illegal  portion  of  this  migration  stream 
with  any  statistical  accuracy.  In  addition,  the 
United  States  does  not  statistically  record  emigra- 
tion to  other  countries,  which  increases  the  sub- 
jectivity of  performing  any  analysis  of  illegal 
uitemational  migration  froiA  census  data  and  legal 
immigration  statistics.  Such  problems  are  .by  no 
means  unique  to  the  U.S.  data  collection  system, 
and  the  gk4>al  proliferation  of  similariy  incomplete 
data  on  international  migration  was  the  m^or 
consideration  for  not  including  migration  assump- 
tions for  individual  countries  in  the  Global  2iiOO 
Study  projections.  The  effect  of  including  esti- 
mates of  legal  migration  for  the  United  States  and 
Mexico  is  summarized  in  Table  2-22. 

Moior  Regions.  In  table  2-21,  it  can  be  seen 
that  international  migration  assumptions  may  have 
a  noticeable  effect  on  the  projected  distribution  of 
the  world  population  by  m^r  regions  in  the  year 
2000.  In  particular,  the  historically  large  net  move- 
ment of  North  Africans  to  Western  Europe  and  of 
Latin  Americans  to  North  America  was  taken  into 
account  in  the  U.N.  projections  and  is  reflected  in 
the  resulting  regional  population  distribution  in 
Table  2-21.  ^ 

The  largest  regional  difference  between  the 
Global  2000  Study  and  U.N.  projections  is  in  the 
percentage  gain  for  the  Asia  and  Oceania  region. 

This  difference  is  likely  the  result  of  differing 

fertility  and  mortality  assumptions  for  the  People's 
Republic  of  China  and  India,  rather  than  of  the 

feW  migration  assumptions  that  the  U.N.  included 

for  this  region. 
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TABLE  2-22 


Population  Proiectkms,  Mcdhim  SMes,  for  U.S. 
and  Mexico,  1975^2000-^  MigratiiMi  vs. 
Estimated  Net  Migration 

(/n  thousands) 


.  Global  2000 

Other 

Percent 

Study  Est. 

Estimates 

'  Change 

without 

with 

(migration 

Migration 

Migration* 

included) 

United  States'* 

\975 

213,540 

213.540 

19S0 

220,497 

222,159 

+0.75 

19S3 

'  228.912 

232,880 

+  1.73 

1990 

237,028 

243,513 

+2.74 

1995 

243,581 

252,750 

+3.76 

2000 

248,372 

260J78 

+4.83 

Mexico 

1975'' 

59,913 

59,562 

-0.59 

19S0 

71,136 

70.314 

-1.16 

19S5 

84*016 

82,626 

-1.65 

1990 

98,555 

%,520 

1995 

114,450 

111,706 

-2.40  ^ 

2000 

131.320 

127,801  . 

-2.68 

'Profccteu  migrtfiofl  »  bued  on  assumed  trends  in  IcgaJly  registered  toimtgrMls 
and  enHgraitts 

"ProKctioM  with  mi^Mion  are  as  reported  in  U  S  Bureau  of  the  Census. 
"Prorctions  of  the  Population  of  the  United  Statrs.  1977  to  2030.'*  Cttrrfftt 
ropitiatttm  Rfports.  Senes  P-25.  No  704.  Was.*Miflon,  1977.  TaWe  8 
'Projections  *ith  migrtfion  a'e  unpublished  U  S  Bureau  of  the  Census 
cstimales 

"The  1975  populatKHis  differ  ai  the  result  of  assumed  ntigratKifi  since  the  1970 
census  Although  k  was  intended  to  include  niwrabon  through  1975  in  the  base 
poputatton  tor  the  Gkibai  2000  Study  prq|«cbons.  thts  was  accidetitally  over- 
kwked  in  the  case  of  Mcuco 

Examination  of  the  statistics  on  migration  be- 
tween major  regions  (see  the  1976  U.N.  Report 
on  Monitoring  Population  Trends)  reveals  similar 
data  deficiencies  as  for  individual  countries.  Fur- 
.thermore,  since  regi^^nal  migration  tends  to  be 
economically  motivated,  the  problem  of  projecting 
future  trends  in  regional  migration  involves  the 
related  questions  of  trends  in  economic  growth. 
Table  2-21  again  illustrates  that  the  relative  differ- 
ence in  the  projected  distribution  of  the  world 
population  at  the  regional  level  is  only  slightly 
affected  by  the  exclusion  of  the  U.N.  estimates  of 
legal  international  migration.  Illegal  immigration, 
while  of  potential  significance,  is  by  its  nature  so 
poorly  documented  that  it  cannot  be  addressed 
here. 

Summary.  The  fertility  and  mortality  assunip- 
tions  made  for  individual  countries  or  groups  of 
countries  will  be  the  m^jor  detcminants  of  pro- 
jected population  levels  in  the  year  2000,  excluding 
extraordinary  and  unpredictable  mass  migration 
nru)vements,  such  as  those  that  occurred  at  the 
time  of  partition  of  Bangladesh  and  Pakistan. 
Since  the  net  effect  of  predictable  levels  of 
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intemaiional  mtgration  is  relatively  small,  it  i^ 
reasonable  to  conclude  that  any  change  in  the 
fertility  and  mortality  experience  of  international 
niigrants  will  have  a  negligible  effect  on  projec- 
tions of  global  population  growth. 

Internal  Mlgratlra 

Interna!  mifration,  by  definitiqji,  does  not  have 
a  direct  effiect  on  the  pr^pulation  size  of  a  particu- 
lar country  at  the  ti-ne  it  occurs.  Certain  patterns 
of  population  redistribution  within  a  country  may, 
however,  have  a  significant  indirect  effect  on  the 
fertility  and  mortality  experience  of  the  migrants 
and  consequently  affect  the  future  level  of  popu> 
lation  growth  within  that  country.  Among  the 
patterns  of  redistribution  most  studied  in  this 
re  ard  is  that  of  urbanization. 

'  Urbanization**  refers  to  an  increase  in  the 
proportion  of  a  given  population  living  within  and 
ia  close  proximation  to  n^jor  urban  centers.  The 
impact  of  population  redistribution  from  rural  to 
urban  areas  has  been  studied  in  the  context  of 
numeroi'-^  demographi:  and  socioeconomic  varia- 
bles, but  a  concise  understanding  of  this  process 
and  its  importance  in  future  trends  of  population 
growth  has  not  yet  emerged. 

One  of  the  most  significant  difficulties  involved 
in  studying  uibanization  is  that  of  conceptualizing 
and  measuring  the  r^-ocess.  Definitions  of  urban 
artas,  particulariy  according  to  criteria  other  than 
size  of  population,  art  often  unavailable  in  the 
published  results  of  censuses  and  surveys  and 
may  change  from  one  census  or  survey  to  the 
next  in  the  same  country.  Even  when  reasonable 
data  arc  avvlable,  there  are  many  measures  of 
urbanization  that  can  be  constructed  and  analyzed 
in  relation  to  other  demographic  or  socioeco- 
nomic variables. 

The  unified  study  and  analysis  of  urbanization 
on  a  global  scale  is  further  complicated  by  the 
many  socioeconomic  and  cultural  variations  in  the 
urban  setting.  It  is  often  difficult  to  justify  applying 
observed  relationships  between  measures  of  ur- 
banization, fertility,  and  mortality  from  one  coun- 
try or-region  to  another,  particulariy  when  com- 
paring industrialized  countries  with  less  developed 
countries.  There  are  also  serious  theoretical  diffi- 
culties involved  in  projecting  the  impact  of  urban- 
ization on  future  population  growth.  It  is  generally 
recognized  that  inverse  relationship  exists  be- 
tween the  level  of  urbanization  and  the  rate  of 
urban  growth,  with  LDCs  currently  having  lower 
levels  of  urt>anization  and  projecting  substantial 
urban  growth  through  the  year  2000.  It  has  also 
been  said  that  the  growth  in  uiban  population  is 
largely  a  reflection  cf  growth  rates  in  total  popu- 


lation. However,  at  least  two  opposing  hypotheses 
can  be  proposed  regarding  global  projections  lor 
population  growth. 

One  is  to  assume  that  urbanization  advances 
the  level  of  economic  growth  and  social  develop- 
ment, a)Kl  that  progress  in  this  direction  will  tend 
to  induce  a  substantial  decline  in  fertility  and  a 
noticjeable  decline  in  the  net  rate  of  natural 
increase  as  has  been  the  case  in  many  industrial- 
ized countries.  The  other  relies  less  on  the  past 
experience  of  industrialized  countries  and  views 
the  present  trend  of  rapid  urbanization  in  L£)Cs 
as  a  new  and  different  problem.  It  is  possible  to 
assume  that  continued  LDC  urbanization  will  be 
due  more  to  a  failure  to  restrain  general  populatiori 
growth  than  to  the  success  of  economic  develop- 
ment or  modernization.  From  this  point  of  view, 
one  could  project  urban  poverty  as  a  persistent 
and  possibly  growing  problem,  with  varying  impli- 
cations on  the  rate  of  population  growth,  depend- 
ing on  the  assumed  nature  of  such  massive 
poverty,  were  it  to  occur 

Therefore,  one  of  the  recognized  purposes  for 
constructing  alternative  projections  on  future  pop- 
ulation growth  is  to  account  for  equally  possible, 
yet  virtually  unpredictable,  .variations  in  popula- 
tion growth  without  becoming  futilely  entangled  in 
specific  and  complex  assumptions  'Hie  assump- 
tion is  that  a  set  of  complex  assumptions  would 
yield  a  range  of  future  population  projections  no 
more  useful  or  accurate  than  the  standard  low, 
medium,  and  high  growth  variants  employed  by 
the  Bureau  of  the  Census  and  the  United  Nations. 
This  is  likely  to  be  and  remain  a  valid  assumption 
until  our  understanding  of  the  relationships  be- 
tween demographic  change  and  urbanization,  be- 
tween socioeconomic  development  and  moderni- 
zation, becomes  more  precise,  and  our  ability  to 
forecast  changes  in  these  related  variables  im- 
proves considerably.  . 

Summary.  There  is  little  doubt  that  future  levels 
and  trends  of  internal  migration  will  have  a 
significant  inpact  on  the  global  population  per- 
spective in  the  year  2000,  particularly  in  the  less 
developed  relgions  of  the  wcrid.  The  trends  in, 
and  the  effects  of,  internal  migration  are  inherently 
more  indicative  of  significant  social  and  cultural 
change  within  a  country  than  are  the  trends  in, 
and  effects  of,  international  migration. 

The  above  discussion  has  focused  on  urbaniza- 
tion, since  present  data  indicate  a  global  trend  in 
this  direction,  but  the  faci  remains  that  a  trend  in 
continued  urbanization  cannot  be  assumed  with 
absolute  certainty.  It  is  not  beyond  reason  to 
consider  the  potential  effect  of  advancenients  in 
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the  science  of  agriculture  and  of  programs  for  assume  that  internal  migration  will  not  likely  affect 
reform  in  land  tenure.  Perhaps  the  future  eco-  world  population  growth  beyond  the  low  or  high 
nomic  development  of  less  developed  countries  growth  rate  projections  that  surround  the  medium- 
will  result  in  the  niralization  of  their  populations.  growth  scries  of  the  Global  2000  Study  projec- 
For  the  present,  however,  it  is  reasonable  to  tions. 


3  GNP  Projections 


All  the  fi^thodologies  used  in  making  resource 
projections  for  the  Global  2000  Study  require 
prelections  of  real  gross  national  product  (GNP) 
as  inputs.  It  was  therefore  necessary  to  develop  a 
set  of  real  GNP  projections  (or  assumptions)  in 
order  to  provide  a  common  frame  of  reference  for 
other  prcyections  in  the  Global  2000  Study.* 

GNP,  however,  should  not  be  the  starting  point 
for  long-term  projections.  It  represents  the  total 
goods  and -services  available  to  a  society  and  is  a 
consequence  of  all  other  developments  in  an 
economy,  not  a  predetermined  input.  As  an  indi- 
cator of  social  and, economic  progress,  it  is  now 
widely  recognized  as  seriously  inadequate.  GNP 
components  that  are  growing  rapidly  today  in 
many  countries  are  merely  compensation  for  for- 
mcriy  **free'*  goods  and  services,  such  as  pollu- 
tion contrdi,  and  for  the  increased  security  re- 
quired by  society  in  such  vulnerable  sites  as 
airports,  laige  buildings,  and  nuclear  powerplants. 
Conversely,  many  economic  activities  that  make 
significant  contributions  to  social  welfore  are  not 
included  in  gross  national  product.  GNP  data  are 
particulariy  misleading  in  the  case  of  less  devel- 
oped countries  (LE)Cs)  because  the  contributions 
of  the  ''traditional*'  sector  are  not  adequately 
represented. 

Ideally,  iSNP  and  other  indicators  of  social  and 
economic  health  shouM  be  outputs  of  the  analyti- 
cal process,  but  since  a  properiy  integrated  analyt- 
ical system  was  not  available,  it  was  necessary  in 
developing  the  other  projections  in  this  volume  to 
use  a  few  common  gukleltnes — such  as  GNP— to 
achieve  an  approximation  of  consistency. 

It  must  also  be  pointed  out  that  long-range 
projections  of  GNP  are  extremely  difficult  to 
make,  due  to  a  Jack  of  knowledge  about  all  the 
variables  involved.  Projections  for  2000  can  dififer 
by  a  factor  of  two  or  moic  simply  as  a  result  of 
slightly  different  assumptions  about  m^jor  compo- 
nents such  as  energy  or  population.  The  shorter 


*GNP  is  the  most  widely  used  economic  indicator  in  the  indus- 
liiaHzed  nctions;  in  the  LDCs  GDP  (yoss  domestic  product)  is 
moit  commonly  used.  Since  the  two  indicators  arc  almost  identi- 
cal for  most  LDCs,  they  are  used  interchangeably  with  regard  to 
LDCs  throughout  this  study 


the  time  horizxHi,  the  more  reliable  (he  projec- 
tions; projections  of  GNP  (and  GDP)  are  made 
routinely  on  a  quarterly  basis  and  for  periods  up 
to  five  years.  Beyond  five  years,  the  few  projec- 
tions that  do  exist  have  been  developed  primarily 
as  extrapolations  of  short-run  projection^. 

No  federal  agency  makes  the  GNP  projections 
rcquiresi  for  the  Global  2000  Study.  The  Treasury 
and  Conunerce  Departments  and  the  CIA  make 
short-term  projections  for  selected  countries.  The 
Department  of  State  uses  data  from  other  a|?encies 
but  makes  no  projections  itself.  Its  Agency  for 
International  Development  (AID)  formerly  made  ^ 
GNP  projections,  but  budget  cuts  have  forced  the 
Agency  to  rely  for  the  present  entirely  on  WorW 
Bank  data  for  its  projections. 

The  United  Nations  publishes  GNP  projections 
for  the  entire  worid,  but  the  projections  are  dten 
unreliable  and  based  on  optimistic  hopes  of.  the 
nations  providing  the  data.  However,  the  Wo  Id 
Bank  Atlas:  Population,  per  Capita  Product,  and 
Growth  Rates,  publid)ed  by  the  Bank  in  1976, 
provides  a  complete  and  consistent  set  of  GNP 
figure-  for  the  worid  in  1975,  and  these  figures 
were  used  as  a  starting  point  for  the  Global  2000 
Study  projections.  While  some  concern  has  ariser 
regarding  the  Study's  use  cf  1975  as  the  base 
year,  since  1975  growth  was  generally  slower  than 
in  previous  years,  the  Worid  Bank  has  taken  this 
characteristic  of  1975  into  account  in  its  projec- 
tions. Some  development  experts  even  contend 
that  1975  is  closer  to  what  is  likely  to  become  a 
normal  year  for  the  worid  than  any  other  recent 
year, 

A  basic  tool  used  by  the  Worid  Bank  for  ensuring 
consistency  among  its  GDP  projections  is  the 
SIMLINK  model,  described  in  Chapter  16  of  this 
volume.  Unfortunately,  SIMLINK  generally  pro- 
jects to  1985  only,  rather  than  to  the  year  2000. 
However,  the  1977  report  of  the  Workshop  on 
Alternative  Energy  Stratus  (WAES)  judgmen- 
tally  extended  the  SIMLINK  projections  to  2000 
for  all  but  the  Soviet  and  Chinese  block  countries.t 
The  Workl  Bank  staff  recommended  that  the 


tThc  WAES  report  was  published  in  1977  by  McGraw-HiU  as 
Energy  Global  Prospects  IW-iOOO, 
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WAES  growth  rates  be  used  in  the  Global  2000 
Study  and  this,  in  fact,  was  done.*  Projected, 
growth  rates  for  the  Soviet  and  Chinese  bloc  coun-* 
tries  were  obtained  from  the  v^iA. 

GNP  figures  for  the  industrialized  nations  in  the 
WAES  report  have  not  been  derived  from  SIM- 
LINK.  Instead,  they  have  been  derived  by  WAES 
from  analyses  of  individual  countries.  In  general, 
they  are  lower  than  unrealistic  expectations  of 
member  nations  of  the  Organization  for  Economic 
Cooperation  and  Development  (OECD),  making 
them  more  nearly  consistent  with  the  WAES 
energy  projections  .t 

Seven  growth  rate  assumptions  were  made  on 
the  basis  of  the  information  obtained  from  the 
World  Bank,  WAES,  and  the  CIA.  The  growth 
rates  are  presented  in  Table  3-1.  The  countries  to 
which  each  assumption  applies  is  as  follows. 

Assumption  A  applies  to  the  OPEC  countries: 


Algeria 

Ecuador 

Gabon 

Indonesia 

Iran 

Iraq 

Kuwait 


Libya 

Nigena 

Qatar 

Saudi  Arabia  « 
United  Arab 'Emirates 
Venezuela 


Assumption  B  applies  to  the  non-OPEC  lower- 
income  LDCs  (annual  per  capita  income  in  1975 
under  $200,  as  denominated  in  1972  U.S.  dollars). 
In  South  Asia  these  countries  are: 


Afghanistan 
Bangladesh 
Burma 
India 


Nepal 
Pakistan 
Sn  Lanka 


In  sub-Saharan  Africa  the  non-OPEC  lower-in- 
come LDCs  are: 


Burundi 

"  ger 

Central  Afncan 

Rwanda 

Republtt. 

Sierra  l.eone 

Chad 

Somalia 

Dahomey 

S"dan 

Ethiopia 

Tanzania 

Guinea 

Togo 

Kenya 

Uganda 

Madagascar 

Upper  Volta 

Malawi 

Zaire 

Mail 

♦The  World  Bank  model  is  officially  described  m  '  The 
SIMLINK  Model  of  Trade  and  Growth  for  the  Developing 
World/*  International  Bank  for  Reconstruction  and  Devel- 
opment Working  I'&pcr  No  220.  (3ct  1975. 
^OECD  has  a  large  "Interfutures*'  study  m  progress,  in 
which  GNP  projections  are  being  made.  Draft  projections 
were  considered  for  use  in  the  Global  2000  Study,  but  the 
Interfutures  GNP  projections  seemed  high,  and  documenta- 
tion at  this  stage  was  inadequate  lo  determine  how  the 
projections  had  been  made. 


Assumption  C  applies  to  the  non-OPEC  middle- 
income  LDCs  (with  annual  per  capita  incomes  in 
1975  of  $200  or  over,  as  denominated  in  1972  U.S. 
dollars).  In  East  Asia  these  countries  are: 


Fiji 

Hong  Kong 
South  Kor«,a 
Malaysia 

Papua  New  Guinea 


Philippines 
Singapore 
Taiwan 
Thailaiid 


Non-OPEC  middle-income  LDCs  in  sub-Saharan 
Africa  and  West  Asia  are: 


AngoL' 

Bahrein 

Cameroon 

Congo  P.R. 

Cyprjs 

Egypt 

Ghana 

Israel 

Ivory  Coast 
Jordan 
Lebanon  . 
Liberia 


Mauntania 

Morocco 

Mozambique 

Oman 

Rhodesia 

Senegal 

Syria 

Tunisia 

Turkey 

Yemen  AR.DM 
Zambia 


In  the  Caribbean  and  Central  and  South  America 
the  non-OPEC  middle-income  LDCs  are: 


Argentina 
Barbados 
Bolivia 
Brazil 
Chile 
Colombia 
Costa  Rica 
Dominican  Republic 
£1  Salvador 
Guatemala 
Guyana 


Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 
Paraguay 
Peru 

Trinidad  and  Tobago 
Uruguay 


Assumption  D  applies  to  the  following  indus- 
trialized nations: 


Australia 

Austna 

Belgium 

Canada 

Denmark 

Finland 

France 

Federal  Republic  ofGermany 

Iceland 

Ireland 

Italy 


Japan 

Luxembourg 

Netherlands 

Norway 

Portugal 

Spain 

Sweden 

Switzerland 

United  Kingdom 

United  States 

New  Zealand 


Assumption  E  applies  to  most  Eastern  Euro- 
pean countries  and  Mongolia: 


Poland 

Yugoslavia 

Romania 

German  Democratic 
Republic 


Czechoslovakia 

Hungary 

Bulgana 

Albania 

Mongolia 


HI 


GNP  PROJECTIONS 


43 


Assumption  F  applies  to  the  U.S.S.R.  only/ 
Assumption  G  applies  to  the  centrally  planned 
economies  of  Asia: 

People's  Republic  of  China    North  Korea 

SociaJist  Republic  of  Lao  People's  Democratic 

Vietnam  Republic 
Cambodia 

Jhe  actual  GNP  projections  are  given  in  Tables 
3-2  and  3-3  and  summarized  in  the  maps  on  the 
following  two  pages.  Table  presents  the  pro- 
jections for  each  country  for  the  years  1985  and 
2000.  Table  3-3  provides  similar  data  by  regional 
aggregations  for  (1)  more  developed  regions  and 
less  developed  regions,  (2)  imyor  regions  of  the ' 
world,  and  (3)  17  selected  countries  and  regions. 
The  first  map  presents  total  GNP  in  1975  and 
2000,  the  second  per  capita  GNP.  All  the  projec* 
tions  are  in  constant  1975  U.S.  dollars. 

The  per  capita  GNP  projections  were  developed 
for  the  Global  2000  Study  by  attributing  aggregate 
GNP  growth  rates  to  individual  countries  and 
regions  and  dividing  these  figures  by  the  Study's 
population  projections  for  the  same  countries  amd 
regions.  This  procedure  clearly  does  not  take  into 
account  country-specific  charcteristics,  which 
would  cause  GNP  projections  for  individual  coun- 
tries to  vary  from  aggregate  projections.  A  con- 
sistent set  of  country-specific  GNP  projections 
was  not  available  for  xhk  study. 

The  GNP  projections  were  aggregated  (Table  3- 
3)  so  as  to  be  comparable  with  the  Study*s 
population  projections  (Table  3-4).  The  resulting 
per  capita  GNP  projections  are  presented  in  Table 
3-5.  Because  these  calculations  were  not  based  on 
country-specific  GNP  projections,  they  should  be 


considered  as  only  roughly  suggestive  of  trends 
applicable  to  types  of  countries  rather  than  spe- 
cific countries. 

Some  confusion  resulted  from  this  process  be- 
cause the  base  year  (1975)  figures  used  by  the 
CIA  and  the  World  Bank  are  derived  using 
different  conversion  methodologies.  The  net  result 
is  that  the  low-growth  rate  of  2.5  percent  for 
Qiina  and  the  1975  GNP  figure  for  the  U.S.S.R. 
are  regarded  by  the  CIA  as  too  low.  It  should  be 
noted,  however,  that  the  World  Bank  model  used 
to  develop  the  GNP  prelections  for  the  LDCs 
assumed  a  6  percent  growth  rate  for  the  socialist 
bloc  for  all  growth  cases,  which  significantly 
exceeds  current  CIA  estimates. 


TABLE  3-1 
Annual  Growth  Rates^  Assumptions  A  to  G 

(Percent) 


As- 
sump- 
tion 

Applies  to 

I960- 
72 

1972- 
76 

1976-85  1985-2000 
High  Low  High  Low 

A 

OPEC  countries 

7.2 

12.5 

7.2 

5.5 

6.5  4.3 

B 

Non-OPEC  lower- 

income  LDCs 

3.7 

•23 

4.4 

2.8 

3.1  2.5 

C 

Non-OPEC  middle- 

income  LDCs 

62 

59 

66 

44 

4  9  3.9 

D 

Industrialized 

countries 

(OECD) 

4.9 

2.0 

49 

3.1 

3.7  2.5 

E 

Soviet  bloc  (except 

U.S.S.R.) 

35 

3 

3  2.5 

F 

U.S.S.R. 

35 

3 

3  2.5 

G 

China,  etc." 

5.0  2.5^ 

*  Includes  the  People's  RepuMtc  of  China,  iht  Socwlisi  Republic  of  Vietfiain. 
the  Democnlic  People's  RepuMK  of  Korea.  Cambodia,  and  the  Peon's 
DemocratK  Repubhc 

*  Growth  rates  for  1975-2000 


if 
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TABLE  ^2 

GNP  Estinutes  (1975)  and  ProJcctkMis  and  Growth  Rates  (1M5, 2000)  by  Country* 

(Millions  of  constant  1975  dollars) 


ERIC 


ASIA 

People's  Republic  of  China 
India 

Japan  <. 

Bangladesh 

Pakistan 

Socialist  Repub'iw  of  Viet  Nam 

Philippines 

Thailand 

Republic  of  Korea 
Iran 

Burma 
Afghanistan 
Republic  of  China 

Democratic  People's  Republic  of  Korea 
Sri  Lanka 

Nepal 

Malaysia 

Iraq 

Saudi  Arabia 
Cambodia 

Syrian  Arab  Bepublk 
Yemen  Arab  Republic 
Hong  Kong 
Israel 

Lao  People's  Democratic  Republic 

Lebanon 

Jordan 

Singapore 

People's  Democratic  Republk  of  Yemen 
Mop^^lia 

Bhutan 
Kuwait 
Oman 

United  Arab  i^mirates 
Bahrain 


Growth 

Rate  1975 
Assump-  GNP 

tion 


l975-«5 
Growth  Rate 


1985 
P.ojections 


1985-2000 
Growth  Rate 


2000 
Projections 


High  Med.  Low     High       Med,       Low     High  Med    Low  High 


Med. 


Low 


percent 


G 

285,960 

5,0 

3.75 

2  5 

465,799* 

413,225 

B 

'  91,810 

4.4 

5.60 

2.8 

141,220 

:30,764 

D 

495,180 

4.9 

4.0 

3.» 

798,947 

732,987 

B 

8,820 

4.4 

3,6 

2.8 

12,562 

B 

9,830 

1^ 

3.6 

2.8 

15,120 

14,001 

G 

7,100 

50 

3.75 

2.5 

1 1,565 

10,260^ 

C 

'V730 

6,4 

5.55 

45 

29,806 

26,997 

C 

i  S40 

66 

5  55 

4.5 

27,551 

24,954 

C 

18,650 

6,6 

5.>} 

4  > 

35,339 

32.008 

A 

48,820 

7.2 

615 

5.5 

97,847 

90,359 

B 

3,270 

44 

3  6 

2,8 

5,030 

4,657 

B 

2,160 

4.4 

3,6 

28 

3,322 

3,076 

C 

14,210 

b6 

5.55 

4.5 

26,926 

24,388 

G 

6,790 

5,0 

3  75 

2.5 

11,060 

9,812 

B 

1,980 

44 

^6 

2.8 

3,046 

2,820 

B 

1,390 

4,4 

3,6 

28 

2,138 

1,980 

C 

8,690 

66 

5  55 

4,5 

,  16,466 

14,9L]4 

A 

14,260 

7.2 

6.35 

5.5 

28,580 

26,393 

A 

24,900 

7.2 

6,35 

5.5 

50,026 

46,198 

G 

n.a. 

50 

3.75 

2,5 

C 

4,870 

6.6 

5  55 

45 

9,228 

8,358 

C 

1,380 

6.6 

5  55 

4  3 

2,ol5 

2,368 

C 

7,520 

6.6 

5  55 

4.5 

14.249 

12,906 

C 

12,400 

6.6 

5.55 

45 

.!3,496 

21,282 

G 

n.a 

5.0 

3.75 

2.5 

C 

n.a. 

6.6 

5.55 

4.5 

c 

1,240 

6.6 

5.55 

4.5 

2,350 

2,128 

c 

5,640 

66 

5.55 

4.5 

I0,6J»: 

9,680 

c 

410 

66 

5.55 

4.5 

7/7 

704 

E 

» 

3.5 

3.25 

3.0 

1,411 

1,377 

B 

90 

4.4 

36 

2.8 

138 

128 

A 

11,280 

7.2 

6,35 

5.5 

72,606 

20,878 

C 

1,660 

6.6 

5.55 

4.5 

3,032 

2,746 

A 

6,870 

7.2 

6.35 

5.5 

13,769 

12,715 

C 

630 

6.6 

5.55 

4.5 

1,194 

1,061 

percent 

366,053 

5  0 

3.75 

2.5 

968,362 

717,806 

530-134 

121,010 

•  3-1 

2.8 

2.5 

223,242 

197,872 

I7<  7<q" 

671,970 

3.7 

3.1 

2.5 

1,377,842  1.158,714 

973,213 

11,625 

3.1 

2.8 

2.5 

21,447 

19,009 

1 6,836 

12,956 

3  1 

2  8 

2,5r 

23,902 

21,186 

18,764 

9,089 

5.0 

3.75 

2.5 

24  043 

1  7  871 

1 1  ff»A 
1  J,  lOH 

24,428 

4  <^ 

4.4 

3  9 

^1  ^(Y) 

JO  J' 

22,580 

4,9 

4,4 

3.9. 

56,464 

47,604 

40,083 

28,963 

49 

4  4 

3.9 

72,425 

61,061 

5l!4I3 

83,392 

65 

5  4 

4.3 

251,647 

198,875 

156,816 

4,310 

3  1 

2.8 

2.5 

7  Q^l 

/,U4/ 

2,847 

3.1 

2.8 

2.5 

'  5,251 

A  171 

22,068 

49 

4  4 

3.9 

55,183 

46,525 

39,174 

18,692 

5,0 

3,75 

2  5 

22,993 

t7,'044 

1 2,589 

2,610 

3.1 

2.8 

2.5 

4,815 

4,267 

3,780 

1,832 

^  1 

2,8 

2.5 

3,380 

2,996 

13,i95 

4,9 

4.4 

3,9 

33,746 

Z8,451 

71 

24,358 

65 

5.4 

4.3 

73.503 

58,090 

45,804 

42,635 

6.5 

5.4 

4  3 

12€,659 

I01,6<79 

80,174 

5.0 

3.75 

2.5 

7,563* 

49 

4.4 

3.9 

18,912 

15,944 

13,425 

2,143 

4.9 

44 

3.9 

5,359 

4,517 

3,804 

11,678 

4.9 

4.4 

3.9 

29,202 

24,621 

20,730 

19:257 

4.9 

4.4 

3.9 

48,153 

40,599 

34,184 

5.0 

3.75 

2  5 

4,9 

4.4 

39 

1,926 

4.9 

4.4 

39 

4,816 

4,060 

3,419 

8,750 

4.9 

4.4 

3.9 

21,902 

18,466 

15,548 

637 

^.9 

4.4 

3.9 

1,592 

r>^3 

1,131 

1,344 

3.0 

2.7i 

2.5 

2,198 

2,06^ 

1,947 

119 

*3.1 

2.8 

2.5  , 

218 

194 

172 

19,268 

6.5 

5.4 

4.3 

58,144 

45,951 

36.233 

2,485 

4.9 

4.4 

3.9 

6,214 

5,239 

4,4il 

11,735 

6.5 

5.4 

43  . 

35,412 

27,985 

22,067 

978 

4.9 

4.4 

3.9 

2,447 

2,062 

1,736 

H 
X 

m 

i 


O 
z 


Qtlar 

AFRICA 
Nigeria 

Arab  Rcpubiic  of  Esypt 

Etliiopia 

South  Africa 

Zaire 

Morocco 
Sudan 

Algeria  ^ 
Ttiizania  ' 
Kenya 

Uganda 
Ghana 
Mozambique 
Madagascar 

CairVv  roon 

Ivr»ry  Co&$l 

Rhodesifi 
Angola ' 
Upper  VolU 
Mali 

Tunisia 
Guinea 
MaJawi 
Scnegil 
Zambia 

Niger 

Rwanda 

Chad 

Bunindi 

Somalia 

People^s  Republic  of  Benin 
SienTii  Leone 
Libyan  Arab  Republic 
Tog% 

Central  African  Empire 
Liberia 

People's  Republic  of  the  Congo 

Mauritania 

Lesotho 

Mauritius 

Botswana 
Gabon 


A 

'  1.680 

7.2 

6.35 

5.5 

3.367 

3.1U 

2.870 

6.5 

5.4 

4.3 

8*659 

6,843 

5J97 

A 

23,000 

■'.2 

6  35 

5.5 

46.258 

42.71^ 

39,424 

6.5 

5.4 

4.3 

118.968 

94.020 

74,135 

C 

11.550 

6.6 

5.55 

4.5 

21*885 

19.823 

17.^3"* 

4.9 

4.4 

3.9 

^.852 

37.816 

31,841 

B 

2.860 

4.4 

3.6 

2.8 

4.399 

4.073 

3.770 

3.1 

2.8 

2.5 

6.954 

6.163 

5.460 

D 

33.540 

4.9 

4.0 

3.1 

54. 1 1 5 

49.647 

45.514 

3.7 

3.1 

2.5 

93,32* 

78,483 

65.918 

B 

3,740 

4.4 

3.6 

2.8 

5.753 

5,327 

4,930 

3.1 

2.8 

2.5 

S  " 

8.061 

7.140 

C 

7.890 

6.6 

5.55 

4.5 

14.950 

13.541 

12.253 

4.9 

4.4 

3.9 

30.639 

25.832 

21.751 

B 

4.510 

4  4 

3.6 

2.8 

6.937 

6.424 

5.944 

?  1 

2.8 

2.5 

10.966 

9.721 

8.609 

A 

12.290 

7.2 

6.35 

5.3 

24.632 

22.747 

20.993 

6  5 

5.4 

4.3 

63.350 

50.065 

39.47/ 

B 

2.560 

4.4 

3.6 

2.8 

3.938 

3.646 

3.374 

3.1 

2.8 

2.5 

6.225 

5,517 

4.887 

B 

2.900 

4.4 

3.6 

2.8 

4,461 

4.130 

3.822 

3.1 

2.8 

2.5 

7,052 

6.25^ 

5.535 

B 

2.880 

4.4 

3.6 

2.8 

.  4.430 

4.102 

3.7% 

3.1 

2.8 

2.5 

7.003 

6,207 

5.498 

C 

4.580 

6  6 

5.55 

4.5 

8.678 

7.860 

7.113 

4.9 

4.4 

3.9 

17.785 

14.994 

12.627 

C 

2.850 

6.6 

5.55 

4.5 

5.400 

4.891 

4.426 

4.9 

4  4 

3.9 

11.067 

9.331 

7.857 

B 

^730 

4.4 

3.6 

2.8 

2.661 

2.280 

3.1 

2.8 

2.5 

4.207 

3.729 

3.302 

C 

1.940 

6.6 

5.55 

4.5 

3.676 

% 

3.013 

4.9 

4.4 

3.9 

7.534 

6.353  ^ 

5.349 

C 

3.350 

6.6 

5.55 

4.5 

6.348 

5.749 

5.202 

4.9 

4.4 

3.9 

13.010 

10.967 

9.234 

C 

3.430 

6.6 

5.55 

4.5 

6.499 

5,887 

5.327 

4.9 

4.4 

3.9 

13.319 

11.231 

9.456 

C 

3.710 

66 

5.55 

4.^ 

7.030 

6.367 

5.762 

4.9 

4.4 

3  9 

14.407 

12.146 

10.228 

B 

560 

4.4 

3.6 

2  8 

861 

798 

738 

3  1 

2.8 

2.5 

1.361 

1 .208 

1.070 

B 

540 

4.4 

3.6 

2.8 

831 

769 

712 

3.1 

2.8 

2.5 

1.314 

1 .164 

1.031 

C 

4.230 

6.6 

5.55 

4.5 

8.015 

7.260 

6.569 

49 

4.4 

3.9 

16.426 

13.850 

11.661 

B 

710 

4.4 

3.6 

2.8 

I.U92 

1.011 

936 

3.1 

2.8 

2.5 

1.726 

1,530 

1.356 

B 

760 

4.4 

3.6 

2.8 

1.169 

1.082 

1.002 

3.1 

2.8 

2  5 

1.848 

1 .637 

.  1.451 

C 

1.850 

6.6 

5.55 

4  5 

3.505 

3,175 

2.873 

4.9 

4.4 

3  9 

7.183 

6.057 

5.100 

C 

2.650 

6.6 

5  55 

4.5 

5.021 

4.548 

4.n5 

4.9 

4.4 

3.9 

10.290 

8.676 

7.305 

bOO 

4.4 

3.6 

2.8 

923 

855 

791 

3.1 

28 

2.5 

1.459 

1.294 

1.146 

B 

36C 

4.4 

3.6 

2.8 

554 

513 

475 

3.1 

2.8 

2.5 

876 

776 

688 

B 

490 

4.4 

3.6 

J.8 

754 

698 

646 

3,1 

2.8 

2.5 

1,192 

1 .056 

936 

B 

370 

4.4 

3.6 

2.8 

569 

527 

488 

3.1 

2.8 

2  5 

899 

797 

707 

B 

320 

4.4 

3.6 

2.8 

492 

456 

422 

3.1 

2.8 

2.5 

778 

690 

611 

B 

420 

4.4 

3.6 

2.8 

646 

598 

554 

3.1 

2  8 

2.5 

1.021 

905 

802 

B 

5^ 

4  4 

3.6 

2.8 

908 

¥0 

3.! 

2.8 

2.5 

1.435 

1,271 

1.127 

t 

12.000 

7.2 

6.35 

5.5 

24.852 

^2.951 

21.181 

6  5 

5.4 

4.3 

63.915 

50.514 

39.830 

i90 

4.4 

3.6 

2.8 

906 

840 

778 

3.1 

2.8 

2.5 

1.435 

1.271 

M27 

o  \ 

B  \ 

410 

4.4 

3.6 

2.8 

631 

584 

540 

3.1 

2,8 

2.5 

997 

884 

782 

C 

bSO 

6.6 

5.55 

4.5 

1.194 

1.081 

978 

4.9 

4.4 

3.9 

2.447 

2.062 

1.736 

C 

660 

6.6 

5.55 

4.5 

M.25I 

1.133 

1.025 

4.9 

4.4 

3.9 

2.564 

2.161 

1.820 

C 

410 

6.6 

5.55 

4.5 

777 

704 

637 

4.9 

4.4 

3.9 

1.592 

1.343 

1.131 

B 

210 

4.4 

3.6 

2.8 

323 

299 

277 

3.1 

2.8 

C  t  1 

Jl  1 

401 

C 

510 

6.6 

5.55 

4.5 

966 

875 

792 

4.9 

4.4 

3.9 

1.980 

1,669 

1.406 

C 

220 

6.6 

5.55 

4.5 

417 

378 

342 

4.9 

4.4 

3.9 

855 

721 

607 

A 

1.200 

7.2 

6.33 

5.5 

2.^5 

2.221 

2.050 

6.5 

5.4 

4.3 

6.185 

4,888 

3.855 
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8G 
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TABLE  »(cong 


Growth 
Rate 

AtMlfflp- 

tion 


1975 
GNP 


I975-t5 
Growth  Rate 


1915 
Projections 


1915-2000 
Growth  Rate 


2000 
l^Yitiections 


The  Gambia 
Swaiiiaiid 
Equatorial  Guinea 

Comofot 

EUROPE 

U.S.S.R. 

Federal  Republic  4f  Oennany 

United  Kiflfdocn 

Italy 

France 

Tuffcey 

Spain 

Poland 

Yutotlavia 

Romania 

German  Democratic  Republic 

Czechoslovakia 

The  Netheilands 

Huqpry 

Belgtiwi 

Greece 

nmiival 

Bulcaria 

Sweden 
Austria, 

Switxerland 

Ji^nmark 

Fmland 

Norway 

Ireland 

Albania 

Cypnis 

Luxembourg 

Iceland 

NORTH  AND  CENTRAL  AMERICA 
United  States 
Mexico 
Canadi 


High  Med.  Low     High  Med. 


F 
D 
D 
D 
D 

C 
D 
E 
E 
E 
t: 
E 
D 
E 
O 

D 
D 
E 
D 
D 

D 
D 
D 
D 
D 

E 
C 
D 
D 


D 

C 
D 


penent 


B 

100 

4.4 

3.6 

2.8 

154 

C 

230 

6.6 

5.55 

4.5 

436 

C 

100 

6.6 

5.55 

4.5 

189 

B 

It) 

4.4 

3.6 

2.8 

665,910 
408.750 
214,940 
I54J10 
304,600 

34,590 
95.630 
98,970 
3)  ^40 

27,650 

71.250 
550,040 
76.340 
26,070 
59,440 

21,500 
15.040 
17,770 
64.580 
35,520 

.<I.5I0 
35,030 
24.000 
26.240 
7.560 

1,450  3  5 

740  6.6 

2.200  4.9 

1.250  4.9 


3.5 
4.9 
4.9 
4.9 
H.9 

6.6 
4.9 

3.5 
3.5 
3  5 

3.5 
3.5 
4.9 
3.5 
4.9 

4.9 
4.9 
3.5 
4.9 
4.9 

4.9 
4.9 
4.9' 
4.9 
4.9 


1.508.680 
7U70 
151.730 


4.9 
6.6 
4.9 


3.25 
4.0 
4.0  ' 
4.0 
4.0 

5.55 

4.0 

3.25 

3.25 

3.25 

3.25 

3.25 

4.0 

3.25 

4.0 

4.0 

4.0 

3.25 

4.0 

4,0 

4.C 
4.0 
4.0 
4.0 
4.G 

3.25 
5.55 
4.0 
4.0 


4.0 

5.55 
4.0 


3.0 
3.1 
3.1 
3.1 
3.1 

4.5 

ri 

3,0 
3.8 

3.0 
3.0 
3.1 
3.0 
3.1 

3.1 
3.1 
30 
3.1 
3.1 

3.1 
3.1 
3  1 

3.1 
3. J 

3.0 
4.5 
3  1 
3.1 


939,332 
659,497 
346.794 
248,648 
491,456 

63k542 
154.294 
1 39.607 
44.631 
39.003 

100,505 
77,639 

123.171 
36,774 
95.903 

34,689 
24,266 
25.066 
104,196 
57.310 

83.109 
56.519 
38.723 
42.337 
12.198 

2.045 
1.402 
3.550 
2.017 


Low     High  Med.  Low     High      ^ed.  Low 


142 

'  395 
172 

100 

916.888 
605.050 
3I8J64 
228,120 
4^.92 

'59,365 
141.556 
136.271 
43.565 
38,071 

98.104 
75.784 
113.002 
35,896 
87.986 

31,825 
22,263 
24.467 
95.594 
52.578 

76,247 
51.853 
35.526 
38.842 
11.191 

1.997 
1.270 
3.257 
1.850 


132 
357 
155 

92 


3.1 
4.9 
4.9 

3.1 


percent 

2.8 
4.4 
4.4 

2.8 


3.0 
3.7 
3.7 
3.7 
3.7 


894,927 
554.682 
291.678 
209,131 
41.  .349 

53.717  4.9 

129.772  3.7 

133.007  3.0 

42,522  3.0 

37.159  3.0 

95.754 
•73.%9 
103,595 

35.036 

80,661 

29.176 
20,410 
23.381 
87,636 
48.201 

69.900 
47.536 
32.569 
35.608 
10.259 

1.9*9  3.0 

1.149  4.9 

2.985  3.7 

1.696  3  7 


3.0 
3.0 
3.7 
3.0 
S.7 

3.7 
^.7 
3.0 
3.7 

3.7 

3.7 
3.7 
3.7 
3  7 
3  7 


3  1  2.434.176  2,233..I5  2.047.311  3.7 
4.5  134.856  122.146  110.525  4.9 
3.1      244.808    224.597    205.901  3.7 


2.75 

3.1 

3.1 

3.1 

3.1 

4.4 

3.1 

2.  T5 
2.75 
2.75 

2.75 
2.75 

3.  ; 

2  75 
3.1 

3.1 
3.1 
2,75 

3  1 
3  1 

3.1 
3.1 
3.! 
3.1 
3.1 

2.75 
4.4 

3.1 
3.1 


3.1 
44 

3.1 


2.5 
3.9 
3.9 

2.5 


2.5 
2.5 
2.5 
2.5 
2.5 

3.9 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.'j 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
3.9 
2.5 
2.5 


243 
894 

387 

171 


215 
754 
328 
151 


191 
634 

275 

133 


1.463,449  1.377,348  1^,121 

1.137,350  956.470  803,345 

598,071  502.957  422.43V 

428,811  360.615  302,884 

847.551  712.759  598.653 

134,324  113.250  95,355 

266.091  223.773  I873>49 

217.503  204.706  192,634 

69,534  65.443  61.585 

60.765  57.190  53,817 

156.584  147.372  138.680 

120,959  113.843  107.129 

212,417  178,635  150,036^ 

57.293  53.923  50.743 

165.392  139.089  116,821 

59,824  50.309  42.256 

41,848  35.194  29,560 

39,052  36.754  34.587 

179.094  151.116  126.923 

98.835  83.116  69,809 

143.327  120.532  101.236 

97.471  81.970  68.846 

66.781  56.160  47.170 

73.013  61.402  51.571 

21.036  17.691  14.858 

3.186  3.000  2.823 

2.873  2.423  2.040 

6.122  5;I49  4.?23 

3.478  2.925  2.456 


H 
X 
m 

1 

q 

5 
z 


2.5  4.I9'/.9I2  3.530.291  2.965.117 
3.9  276.377  233,017  196.198 
2.5     422.189    355.045  298.206 


C<4w 

C 

7.430 

6  6 

5.55 

4.5 

14.079 

12.752 

1 1 ,539 

4.9 

4.4 

3  9 

28»854 

24.327 

20,483 

C 

3.530 

6.6 

5.55 

4.5 

6.689 

6.058 

5.482 

4  9 

4.4 

3.9 

13,709 

1 1,557 

9,731 

DoimAic«n  Rcp^i'***': 

C 

3.380 

66 

5,55 

4.5 

6.405 

5,801 

5,249 

4.9 

4,4 

3.9 

13.P7 

11.067 

9.318 

H»iti 

C 

810 

6.6 

S.55 

4.5 

•  1,535 

1.J90 

1.258 

49 

4,4 

3.9 

3.146 

2.652 

2,233 

£!  Salvtdor 

C 

1.820 

6.6 

5,55 

45 

3,449 

3.124 

2,826 

4,9 

4.4 

3  9 

7.068 

5.960 

5.017 

Puerto  Rko 

C 

7.100 

6.6 

5  55 

4.5 

13.453 

12,185 

11,026 

4.9 

4  4 

3  9 

27,571 

23.245 

19.573 

Fkmdums 

C 

1.010 

6.6 

5.55 

4.5 

1.914 

1 .733 

1.569 

4  9 

4,4 

3  9 

3,923 

3,306 

2,785 

Nicarafua 

C 

1.510 

6,6 

5.55 

4.5 

2.861 

2,592 

2,345 

4.4 

4,4 

3.9 

5,863 

4,v45 

4.163 

Jamaica 

c 

2.630 

6.6 

5  55 

4.5 

4.983 

4.514 

4,084 

4.4 

4.4 

3.9 

10.-212 

8.61 1 

7,250 

Cosu  Rka 

c 

1.790 

6.6 

5.55 

4.5 

3.392 

3.072 

2./80 

4.4 

4.4 

3.9 

6.952 

5.860 

4,935 

Puutma 

c 

1 .770 

6.6 

5,55 

4.5 

3.354 

3,038 

2.749 

4.4 

4  4 

3.9 

6.874 

5.7%  ' 

4.880 

Trinidad  and  Tcbago 

c 

2.050 

6.6 

5*55 

4^5 

3^884 

3,518 

3.184 

44 

4.4 

3.9 

7,960 

6.711 

5.6)i 

Bart>adot 

•  c 

310 

6.6 

5.55 

4.5 

587 

532 

481 

4,9 

4.4 

3.9 

1.203 

1,015 

854 

Bahamas 

c 

530 

6.6 

5.55 

4.5 

1.004 

910 

823 

4.9 

4  4 

3.9 

2.058 

1.736 

1.461 

Grenada 

V 

c 

40 

66 

5.55 

4 

76 

69 

62 

4.9 

4.4 

39 

156 

132 

110 

SOUTH  AMERICA 

Brazil 

c 

107.870 

6.6 

5  55 

4.5 

204,3% 

185.133 

167,M9 

4,9 

4.4 

3.9 

418.895 

353.176 

297.370 

Aryertina 

c 

39.810 

6.6 

5  55 

4.5 

75.433 

68.324 

61.824 

4.9 

4.4 

3.9k 

154.594 

130.341 

109.746 

Colombia 

c 

13.170 

6.6 

5,55 

4.5 

24.955 

22,603 

20.453 

4.9 

4.4 

3.9 

51.143 

43.1 19 

36,307 

Btni 

c 

12.520 

6.6 

5,55 

4.5 

23.723 

21.488 

19.443 

4.9 

4.4 

3,9 

48.619 

40.992 

34,5  !4 

Vene2uela 

A 

26.670 

7.2 

6.35 

5.5 

53,453 

49.363 

45.556 

6.5 

5.4 

4.3 

137.473 

108.645 

85,666 

Chile 

c 

8.050 

6,6 

5.55 

4.5 

15,253 

13.816 

12.501 

4.9 

4.4 

3.9 

31,260 

26.357 

22.191 

Ecuador 

A 
A 

'  < 

J  J 

7  MO 

O.J 

<  A 

A.  "K 
•I.J 

»  20.050 

15.847 

12.4% 

BoOvia 

c 

1.770 

6.6 

5,55 

4.5 

3.354 

3,038 

2.749 

4.9 

4.4 

3.9 

6^874 

5!7% 

4.880 

UruiLtiy 

c 

3.670 

6.6 

5.5' 

4.5 

6.954 

6.299 

5.699 

4.9* 

4,4 

3.9 

14.252 

12.017 

10.117 

c 

1.460 

6.6 

5:^ 

4.5 

2-^66 

2^ 

2.267 

4.9 

4.4 

3.9 

5.669 

4.781 

4.024 

Guyana 

c 

450 

6.6 

5,55 

4.5 

853 

772 

699 

4.9 

4.4 

3.9 

,1,748 

1.473 

1.241 

CCEAN!A  and  iNDONESI/^ 

Indonesia 
AttfUttfiia 
New  7<MsA 
Yvfnm  New  Gwiiea 


A  . 

24.180 

7.2 

6.35 

5.5 

48.462 

44.754 

41.303 

6.5 

5.4 

4.3 

124.637 

98J01 

77,669 

D 

76.190 

4.9 

4.0 

3.1 

122.929 

112.780 

103.391 

3.7 

3.1 

2.5 

212.000 

178.284 

149.741 

D 

14.460 

4.9 

4.0 

3.1 

23.330 

21.404 

19.623 

3.7 

3.1 

2,5 

40.234 

33.836 

28.420 

C 

1.220 

6.6 

5.55 

4.5 

2.312 

2.094 

1.895 

4.9 

4.4 

3.9 

4.738 

3.995 

3.364 

C 

520 

6.6 

3.55 

4.5 

9S5 

892 

808 

4.9 

4.4 

3,9 

2.019 

1J02 

1.434 

C 

50 

6.6 

5.55 

4.5 

95 

86 

78 

4.9 

4.4 

3.9 

195 

164 

138 

ERIC 


00 


GNP 


(1*75) 


WORLD 
More  developed  regions 
Lest  developed  regions 

MAJOR  REGIONS 
Africa 

Asia  and  Oceana 
Latin  America^ 

U.S.S.R.  and  Eastern  Europe 
Nofllienn  America,  Western 

Europe,  Japan,  Australia, 

and  New  Zealand 

SELECTED  COUNTRIES  AND  REGIONS' 
People's  Republic  <k  China 


Indonesia 

Bai^Uesh 

Mustan 

Fhiippines 
Thailand 
South  Korea 

Efypt 

^Tigerit 

Btmzil 

Mexico 

United  States' 

U.S.S.R. 

Japan 

Eastern  Europe  (excluding  U.S.S.R.) 
Western  Europe 


TABLE  » 

* 

IVi4«ctioM  and  Gr.i«rth  Rain  (lias,  20M)  by 
Selected  CoootriM  and  Rcgiou 

(Millions  of  constant  1975  dollars) 


1975 
GNP 

1975-^ 
Growth  Rate 

1985 
fVojections 

■ 

I98S-2000 
Growth  Rate 

2000 
nojections 

• 

High 

Med. 

Low 

^  High 

Med. 

Low 

High  Med.  Low 

High 

Med. 

Low 

prrcenl 

percent 

6.024,900 
4,891,760 
1,133.140 

4.91 
4.65 
5.99 

4.08 

3.87 
4.97 

3.26 
3.10 
3.95 

9,733.054 
7.705.109 
2.027.945 

8.990.808 
7,150,251 
1.840.557 

8.30<.551 
6.635,268 
1,669,283 

3.93    3.32  2.73 
3.59    3.05  2.52 
5.08    4.28  3.50 

17.353,097 
13,085,720 
4,267,37> 

14.676,724 
11,224.326 
3.452,398 

12.4  \918 
9.636,003 
2.796,915 

161,580 
696.880 
326,210 
995.750 

6.10 
569 
666 

3.50 

5.18 
4.64 

5.63 
3.25 

4.26 
3.60 
4.60 

3.00 

292.001 
1,212.127 

621,457 
1,404,602 

267,731 
1.097.289 

563,976 
1,371,043 

245,315 
992,655 
511.337 
1.338,204 

5.05    4.32  3.60 
5.08    4.16  3.27 
5.07    4.51  3.94 
3.00    2.75  2.50 

611.741 
2,550.112 
1.305.630 
2,188.325 

505.210 
2.023.422 
1.092,481 
2,059.579 

417,223 
1,608.551 

913,195 
1.938.119 

3.844,480    4  90    4.00    3.10   6,202.«67    5.690.769    5.217.040    3.70    3.10    2.50   10.697.289    8.996.032  7,55^.S3') 


285,960 
91,810 
24.180 
8.820 
9,830 

15.730 
14.540 
18,650 
11,550 
23,060 

107,870  6.6 
71,170  6.6 

1,508.680 

665,910 

495,180 

329.S40 
1^98.240 


5.0 
4.4 
7.2 
4.4 
4.4 

6.6 
6.6 
6.6 
6.6 
7.2 


4.9 
3.5 
4.9 
3.50 
4.90 


3.75 

3.6 

6.35 

3.6 

3.6 

5.55 
5.55 
5.55 
5.55 
6.35 

5.55 
5.55 

4.0 

3.25 

4.0 

3.25 

4.00 


2.5 
2.8 
5.5 
2.8 
2.8 

4.5 
4.5 
4.5 
4.5 

5.5 

4.5 

4.5 

3.1 
3.0 
3.1 
3.0 
3.10 


465.799 
141.220 
48,462 
13,567 
15,120 

29,806 
27,551 
35.339 
21,885 
46,25S 

204,396 
134,856 

2,434.176 
939,332 
798,947 
465,270 

2,578.677 


413,225 
130,764 
44,754 
12,562 
14.001 

26.997 
24.954 
32,008 
19,823 
42,718 

185,133 
122.146 

2.213.215 
916,888 
732,987 
454,155 

2,365.786 


366,053 
121.010 
41.303 
11.625 
12,956 
24,428 
22,580 
28,963 
17.937 
39,424 

167,519 
110,525 

2.047.311 
894,927 
671,970 
443,277 

2,168,844 


3.1 
6.5 
3.1 
3.1 

4.9 
4.9 
4.9 
4.9 
6.5 

4.9 
4.9 
3.7 
3.0 
3.7 
3.0 
3.70 


3.75 

2.8 

5.4 

2.8 

2.8 

4.4 
4.4 
4.4 
4.4 

5.4 

4.4 
4.4 

3.1 
2.75 
3  1  • 
2.75 
3.10 


2.5 
2.5 
4.3 
2.5 
2.5 

3.9 
3.9 
3.9 
3.9 
4.3 

39 
3.9 

2.5 
2.5 
2.5 
2.5 
2.5 


>  968.362 
223.242 
124.637 
21.447 
23,902 

61,085 
56,464 
72.425 
44.852 
118.968 

41Cr,895 
276,377 

4.197,912 
1.463.449 
1.377.842 
724.876 
4.447.112 


717.808 
197.872 
98,501 
19,009 
2M86 

51,502 
47,604 
61.061 
37.816 
94.020 

353.176 
233.017 

3,530,291 
1,?77,348 
1.158.714 
682,231 
3,739,862 


530.154 
175.259 
77,669 
16,836 
18,764 

43,363 
40,08i 
51,413 
31.841 
74.135 

297.370 
196,198 

2,965,117 
1.296,121 
973,213 
64:, 998 
3.141.133 
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TABLE  3-4  * 

Pbpulatioli  EstfaiupICA  (1975)  and  Projcctkms  and  Growth  Rates  (1985,  2000)  by  Major  Regions  and  Selected  Countries  and 

Regions 


Un  millions) 


1975 


Average  Annual  Growth 
Rate 
1975-^5« 


1985 


Average  Annual  Growth 
Rate 
1985-.20W 


2000 


High 

Med. 

Low 

High 

Med. 

Low 

High 

Med. 

Low 

High 

Med. 

Low 

High 

Med. 

Low 

percent 

percent 

WORLD 

4.134 

4,090 

4,043 

1.95 

1.79 

1.63 

5,013 

4,885 

4,753 

2.05 

1.77 

1.48 

6,797 

6,351 

5,921 

More  developed  regions 

1,131 

1,131 

1,131 

0  7? 

0.69 

0.60 

1,224 

1,212 

1,201 

0.79 

0.59 

0.40 

1,377 

1,323 

1,274 

Less  developed  regions 

3,003 

2,959 

2,912 

<2.35 

2  18 

2.01 

3,789 

3,673 

3,553 

2.42 

2.12 

1.81 

5,420 

5,028 

4,648 

MAJOR  REGIONS 

814 

Africa 

399 

399 

399 

296 

2.90 

2.80 

534 

531 

525 

3.13 

2.90  ^ 

2.48 

847 

759 

Asia  and  Oceania 

2,318 

2,274 

2,228 

2.13 

1.93 

1.75 

2,861 

2,755 

2,651 

2.17 

1.86 

1.59 

3,951 

3,630 

3,359 

Latin  America*^ 

325 

325 

324 

3.04 

2,91 

2.65 

439 

432 

4.1 

2.94 

2.61 

2".  17 

678 

"637 

581 

U.S.S.R.  and  Eastern 

Europe 

384 

384 

384 

0.95 

C.85 

0.74 

422 

418 

414 

0.85 

0  65 

0.43 

480 

460 

442 

Northern  America, 

Western  Europe. 

Japan,  Australia  and 

'  809 

New  2^eaUnd 

•708 

708 

708 

0.67 

0.57 

0.48 

757 

749 

743 

0.71 

0.52 

6.34 

842 

781 

SELECrED  COUNTRIES  AND  REGIONS 
People's  Republic  of 
China 

India  ' 
Indonesia 
Bangladesh 
Pakistan 

Philippines 
Thailand 
South  Korea 
Egypt 
Nigeria 

Meuco 

United  States' 
U.S.S.R. 
Japan 

Eastern  Europe 

(exchidsng  U.S.S.R.) 
Western  Europe 


978 

•  93i 

889 

1.64 

1.42 

1.10 

1,151 

1,076 

992 

1.63 

1.42 

1.14 

1  468 

1,329 

1.J76 

618 

618 

618 

2.43 

2.14 

2.04 

786 

764 

757 

2.52 

1.95 

1.69 

1,142 

1,021 

974 

135 

135 

135 

2.22 

2.15 

2.03 

168 

167 

165 

2.28 

2.05 

1.59 

263 

226 

209 

79 

79 

79 

3.08 

3.02 

2.93 

m 

107 

106 

2.94 

2.67 

2.39 

166 

159 

151 

71 

71 

71 

3.29 

3.23 

3.19 

98 

98 

97 

3.15 

2  83 

2.67 

156 

149 

144 

43 

43 

43 

2  59 

2.28 

2.01 

56 

54 

52 

2.44 

2.09 

1.68 

80 

73 

67 

42 

42 

42 

2.65 

2.50 

'2.34 

55 

54 

53 

2.58 

2.20 

1.77 

81 

75 

69 

37 

37  - 

37 

2.12 

1.92 

1.69 

46 

45 

43 

2.03 

1.65 

1.42 

62 

57 

54 

37 

37 

37 

2  73 

2.62 

2.41 

48 

48 

47 

2.56 

2.12 

1.54 

71 

65 

59 

63 

63 

63 

2.96 

2.% 

2.92 

84 

84 

84 

3.29 

3.18 

2.90 

137 

134 

129 

109 

109 

109 

3  35 

3.25 

3.05 

151 

150 

147 

3.16 

2.78 

2.55 

241 

226 

214 

60 

60 

60 

3.69^ 

3.44 

2.80 

86 

84 

78 

3  36 

3.02 

2.32 

142 

131 

111 

214 

214 

214 

0.96 

0.70 

0.52 

235 

229 

225 

0.94 

0.55 

3.27 

270 

248 

234 

254 

254  • 

254 

1.05 

0.93 

0.80 

282 

,  279 

276 

0.90 

0.6^ 

046 

323 

309 

295 

112 

112 

U2 

0.91 

0.88 

0.81 

122 

122 

121 

0.68 

0.59 

0.43 

135 

133 

129 

130 

130 

130 

0.74 

0.68 

0.63 

140 

139 

138 

0.76 

0.57 

0.39 

157 

152 

147 

344 

344 

344 

0.35 

0.33 

O.SO 

356 

355 

354 

0.52 

0.4^ 

0.31 

384 

378 

'371 

1  iht  coiiipies  ikmililiofl  ltclMri»m  dnchtn  ^  «  Cluipitr  IS  These  frvwth  nUcs  merely  Mmtrntu  Utc  multt  oT  Utote  cakulatioiit 

93 


94 


95 


ERIC 


TABLE  3-5  / 

Fer  Caplla  GNP  Esthnales  (1975)  and  Projections  and  Growth  Rales  (1985,  2000)  by  M^for  Regions  and  Selected  Countries  and 

Regions 

(Constant  1975  US  dollars) 
Average  Annual  Growth  1995  Average  Annual  Growth  2OOO 

1975  Rate,  1975-1985  Rate,  1985-2000 


High 


Med. 


Low      H  igh     M  ed .     Low  High 


Med. 


Low      High     Med.     Low  High 


Med. 


perc  ent 


WORLD 

1,490 

1,473 

1,457 

3.23 

2.26 

1.29 

2,048 

1,841 

1,657 

More  developed 

countries 

4,325 

4.325 

4,325 

4.03 

3.16 

2.28 

6,416 

5,901 

5,420 

Less  developed 

countries 

388 

382 

377 

3.94 

2.75 

1.58 

571 

501 

441 

percent 
1.53 


0.66      2,930  2,311 


MAJOR  REGIONS 
Africa  , 
Asia  and  Oceania 
Latin  America'^ 
U.S.S.A.  and  Eaiitem  ' 

Eu;ope 
North  America, 

Western  Europe, 

Japan,  Austral|C"afck^  \ 

New  Zealand^  / 

SELECTED  COUNTRIES  AND  REGIONS 
People's  Republic  of 


405 

405 

405 

3.22 

2  23 

i.28 

556 

505 

460 

313 

306 

301 

3.86 

2.66 

1.43 

457 

398 

347 

1,007 

1,005 

1,003 

3.90 

2.64 

1  51 

1,476 

1,304 

1,165 

2,591 

2,591 

2,591 

2.74 

2.38 

2  03 

3,394 

3,279 

3,169 

r,43i 


5,431 


5,431 


4  40  3.41 


2.41 


8,352 


7,597 


6,894 


2.42 
3.19 
3.2? 

2.51 
3.44 
2.84 

2  55 


3.35      2.57      1.77     13,693  11,117 


Low 


1,829 


2.45 

1.72 

10,270 

8,485 

6,9% 

2  13 

1.05 

918 

587 

516 

1  38 

0.46 

806 

620 

493 

2  27 

J  07 

759 

557 

407 

1  84 

0.97 

2,247 

1,715 

1,347 

2  09  ' 

4.64 

4,954 

4,472 

4,042 

8,974 


China 

322 

306 

292 

3  85 

2.30 

0.86 

470 

384 

318 

3.81 

2  30 

0.85 

•  824 

540 

361 

India 

148 

148 

148 

2.37 

1.45 

0.40 

187 

171 

154 

1  36 

0.84 

-0.04 

229 

194 

153 

InJonesia 

179 

179 

179 

5  09 

4.12 

3.23 

294 

268 

246 

4  82 

3  07 

1  98 

5% 

422 

330 

Bangladesh 

111 

111 

111 

1.44 

0.61 

-0.27 

128 

118 

108 

0.69 

0  11 

-0.45 

142 

120 

101 

Pakistan 

138 

138 

138 

1.23 

0  43 

-044 

156 

144 

132 

0.42 

-0.09 

-0.63 

166 

142 

120 

Philippines 

369 

3b8 

366 

4  50 

3.17 

1.86 

573 

503 

440 

3.16 

2.27 

1.41 

914 

704 

543 

iltailand 

343 

343 

342 

4.19 

2.98 

1.81 

517 

460 

•409 

3  07 

2  15 

1.29 

814 

633 

4% 

South  Korea 

508 

507 

505 

4  83 

3.54 

2.35 

814 

718 

637 

3.44 

2.70 

1  83 

1.351 

1.071 

836 

Egypt 

313 

313 

.  313 

4  10 

2.89 

1.71 

468 

416 

371 

3.31 

2.22 

1  33 

763 

578 

452 

Nigeria 

367 

367 

367 

4  15 

3.28 

2.46 

551 

507 

468 

3.51 

2.15 

0.98 

924 

698 

542 

Brazil 

994 

991 

991 

3.44 

2  23 

1  11 

1.394 

1.236 

I.I07 

2.29 

1.58 

0.72 

1.959 

1,563 

1.232 

Mexico 

1,1% 

1.188 

1,182 

2.04 

0.78 

1.720 

1.454 

1.278 

2  52 

1.34 

0.52 

2.499 

1.775 

1,382 

United  States'* 

7,066 

7,066 

7,066 

4.35 

3.28 

2.12 

10.819 

9.756 

8.719 

3.42 

2.54 

1.55 

17,917 

14.212 

10.974 

USSR. 

2,618 

,2,618 

2,618 

2  67 

2.30 

1.93 

3.408 

3.286 

3.169 

2.53 

2.06 

1.59 

4.959 

4.459 

4.015 

Japan 

4,437 

4,437 

4,437 

406 

3.10 

2.17 

6.608 

6.023 

5.499 

3  26 

2.49 

1.81 

10.689 

8.712 

7.193 

Eastern  Europe 

2,539  , 

2.539 

2,539 

2.85 

2.53 

2  24 

3.364 

3.265 

3.169 

2.60 

2.16 

1.73 

4,945 

4.500 

4,097 

Western  Europe 

4,653 

4,653 

4.653 

4.59 

3.66 

2.74 

7.286 

6.666 

6.099 

3.^8 

2.66 

1.97 

11.993 

9.889 

8.174 

niM  pn^lectiait  of  aroti  niciofu}  product  and  population  presented  in  T«bte»  V.3  and  J-4  were  u»ed  tocakulate  the  197^.  19W.  and  2000  per  capita  p<n%  national  product  fi|ure$  preienled  in  ths  table  Th.  hith  Hfures  are  based  on 
^eMfh  GNP flgMret  by  the  km  popMlsiionfifures.  the  tow  fiturcs  art  based  on  divNlint the  tow GNPfi^^     by  the  high  popuUionfifures.  the  medium  flfures  are  based  on  the  medium  GNP  and  population  figure  The  growth 
r  the  rtsHhs  of  iliete  calciitatiom 
rtoRkw 

iroM  nalionai  product  growth  rates  were  proftcted  for  groups  of  countries  rather  than  for  individual  countries  Thus,  the  rales  attributed  to  individual  LDCs  in  this  table  are  the  growth  rates  applicable  to 
th  which  that  country  was  aggregated  for  making  profcciions  and  do  not  take  mto  account  country. specific  characiensiics 
Dott  MK  RtshMie  fmrto  Rko 


4   Climate  Projections 


Because  climate  has  a  profound  effect  on  our. 
lives  and  economies  and  has  possible  ,conse- 
quences  for  the  future,  we  cannot  ignore  it,  yet 
there  are  unresolved  problems  which  make  ^te- 
ments  about  future  clknate  very  uncertain.  This  is 
to  say,  not  enou^  is  known  about  climate  to 
provide  us  with  a  reliable  predictive  capability. 

A  particular  pattern  of  climate  i^esults  from  very 
complex  interactions  between  the  atmosphere, 
oceans,  land  masses,  ice  pack  and  glaciers,  vege- 
tation, and,  to  an  increasing  extent,  man.  I>epend' 
ing  on  the  specific  interaction  mechanism,  the 
reaction  time  from  cause  to  effect-^d  the  dura- 
tion of  the  effect — may  range  from  days  to  mil- 
%  lenia.  Changes  in  one  part  of  the  system  are 
interlinked  with  changes  in  other  parts  of  the 
system,  so  that  no  part,  such  as  the  atmosphere, 
may  be  considered  in  isolation  from  the  others. 

Before  the  future  climate  can  be  reliably  esti- 
mated, science  must  understand  it  well  enough  to 
build  realistk:  quantitative  modds  that  relate  cause 
and  effect.  This  understanding  would  also  serve 
as  a  basis  for  evaluating  the  impact  of  variations 
in  any  of  the  causes,  both  in  terms  of  how 
important  they  are  and  the  time  scales  on  which 
they  operate.  Such  models  are  as  yet  primitive 
and  incomplete.  Until  the  climatic  interactions  are 
understood  and  quantified,  there  can  be  no  relia- 
ble climatic  prediction  capability. 

As  climate  research  progresses,  internal  climatic 
interlinkages  are  becoming  better  understood. 
Many  investigators  are  also  studying  causal  fac- 
tors external  to  the  climatic  system  itself.  These 
factors  include  solar  activity,  planetary  tides, 
changes  in  the  earth's  orbit  and  rotation,  aifd  man-' 
induced  (anthropogenic)  alterations  of  our  envi- 
ronment. The  latter  include  carbon  dioxide,  flu- 
orocarbons,  particles  in  the  air,  changes  due  to  ^ 
land  use,  and  heat  generated  by  use  of  energy.  A 
complete  understanding  has  yet  to  be  achieved. 

Carbon  dioxide  increase  is  thought  to  produce 
wanning  of  the  earth  by  the  so-called  greenhouse 
effect.  There  is  less  agreement  as  to  the  effect  of 
increasin^atmospheric  particles,  which  may  result 
in  either  warming  or  cooling,  depending  on  many 
details  in  the  situation. 


Study  of  the  interactions  of  the  various  climatic 
subsystems  has  led  to  the  development  of  some 
simple  nuxiels  of  global-scale  climate  behavior. 
Research  into  the  interaction  of  sea-surface  tefn- 
perature  anomalies  and  the  overlying  air  has 
produced  seasonal  forecasts  a  season  in  adv^e 
that  have  a  small  but  statistically  significant  degree 
of  accuracy.  Research  on  the  effects  of  anthropo- 
genic and  volcanic  inputs  on  the  earth *s  heat 
budget  has  led  to  provisional  assessments  of  mean 
temperature  and  precipitation  changes  in  future 
decades  and  centuries..  Validation  and  further 
refinement  of  climate  models  is  urgently  needed. 

There  is  wide  variation  in  the  use  of  the  word 
"climate.*'  Some  resei\e  the  word  climate  for 
averages  of  climate  over  a  30-year  (or  longer) 
period.  Others  speak  .of  the^limate  of  individual 
months,  seasons,  or  years.  The  discussion  of 
climate  in  this  chapter  is  based  on  the  latter  usage. 
Most  users  of  the  word  are  usually  concerned 
with  the  assemblage  of  weather  that  makes  up  a 
month  or  a  season.  Anflual  crops  do  not  respond 
to  3&-year  averages  o;  hemispheric  mean  temper- 
atures. Useful  crop  yield  models  must  have  at 
least  monthly  temperature  and  rainfall  inputs. 
Also,  to  be  useful,  climatic  information  must  be 
specific  to  geographical  regions  and  preferably  to 
areas  as  small  as  crop  districts. 

At  a  range  of  a  months  to  several  decades  into 
the  future,  der'^nptions  of  the  climsffe  as  aggre- 
gates of  weather  need  not  be  detailed  as  to  timing 
or  sequence  in  order  to  be  useful.  However,  they 
do  need  to  include  information  on  variability  and 
probable  extrenies.  Given  estimates  of  monthly 
means  and  variances,  fairly  accurate  estimates 
may  be  made  of  grain  production.  However,  in 
general,  statistical. studies  have  not  vet  sufficed  to 
establish  to  what  extent  the  variability  of  weather 
within  a  month  or  season  varies  with  the  average 
'^climate'*  of  the  month  or  season.  Climate 
changes  may  include  changes  of  climatic  variabiN 
ity  as  well  as  those  of  averaging  climate. 

Despite  these  difficulties,  it  can  still  be  said  that 
in  the  remainder  of  the  century  there  is  likely  to 
be  less  than  a  0.5''  C  change  in  the  mean  sea  level 
tem|>erature  of  the  Northern  Hemisphere,  and 
that: 
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•  Hemispheric  warming  or  cooling  will  probably 
be^nost  pronounced  in  high  latitudes,  with  liMie 
temperature  change  in  the  tropics. 

•  Hemispheric  temperature  changes  will  be  ac- 
companied by  changes  in  the  mfensity  and 
pattern  of  atmospheric  circulation  and  probably 
changes  m  the  vanability  of  climate. 

•  These  atmospheric  circulation  ^changes  will 
probably  result  m  important  variations  in  the 
longitudinal  (east-west)  direction  and  iiffect  the 
distribution  of  precipitation,  including  that  in 
the  tropics. 

Qimate  in  the  Year  2000 

An  attempt  to  quantify  perceptions  of  global 
climate  change  to  the  year  2000  has  been  the 
initial  foeus  of  an  interdepartmental  study  at  the 
National  Defence  University  (NDU)  in  Washing- 
ion,  D.C.  Subjective  probabilities  for  the  occur- 
rence of  specified  climatic  events  were  elicited  m 
a  survey  of  24  climatc^ogists  from  seven  countries, 
individual  quantitative  responses  to  10  major 
questions  were  weighted  according  to  expertise 
and  then  averaged,  a  jnethod  of  aggregation  that 
preserved  the  climatologists*  collective  uncertainty 
about  future  climate  trends.  The  aggregated  sub- 
jective probabilities  were  used  to  construct  five 
possible  climate  scenarios  for  the  year  2000,  each 
having  a  "probability"  of  occurrence.  The  aggre- 
gated probabilities  of  contingent  events  are  com- 
pared.,from  scenario  to  scenario,  across  zones  of 
latitude,  and  by  time  periixls. 

A  discussion  of  the  methtxiology  used  in  the 
study  will  be  found  in  Chapter  17  of  this  volume. 
The  descriptions  of  the  scenarios  that  follow  are 
from  the  report  of  the  first  phase  of  the  study. 
"Climate  Change  to  the  Year  2000  A  Survey  of 
Expert  Opinion."  issued  by  the  National  [defense 
University  in  February  1978. 

The  Climate  Scenarios 

In  the  text  and  tables  of  this  chapter,  the 
latitudinal  zones  are  defined  as  '  polar  latitudes  * 
65°  to  90°  ;  -higher  midlaliludes,"  45  to  65  , 
"lower  midlaliludes."  W  to  45  .  and  "subtropi- 
cal latitudes."  10^  to  3(y  . 

Large  Global  Cooling'^ 

The  global  C(X)ling  trend  that  began  m  fhe  I94()s 
accelerated  rapidly  m  the  last  quarler  of  the  2()th 


century.  The  average  global  temperature  reached 
Its  lowest  value  of  the  past  century  a  few  years 
before  the  century  ended.  By  the  year  2000,  the 
mean  Northern  Hemisphere  temperature  was 
about  0.6°  C  colder  than  in  the  early  1970s,  and^ 
climatic  conditions  showed  a  striking  similarity  to 
the  period  around  1820.  Climatologists  explained 
this  large  global  cooling  in  terms  of  natural 
climatic  cycles,  partly  solar  induced  and  partly 
attributable  to  severaf  major  volcanic  eruptions 
that  occurred  between  1980  and  2000,  Although 
most  climatologists  had  expected  a  continued 
increase  in  carbon  dioxide  to  be  reflected  in  global 
warming,  this  warming  influence  was  over- 
whelmed by  the  natural  cooling  in  the  period. 

While  temperature  decreased  over  the  entire 
globe,  the  largest  decreases  occurred  in  the  higher 
latitudes  of  the  Northern  Hemisphere,  The  north 
polar  latitudes,  marked  by  an  expansion  of  arctic 
sea  ice  and  snow  cover  (especially  in  the  north 
Atlantic  sector),  had  cooled  by  ahltut  2°  C  since 
the  early  1970s. ^  The  northern  higher  and  lower 
middte  latitudes  cixjled  by  slightly  more  than  T  C. 
The  subtropical  latitudes  in  both  hemispheres 
showed  a  0.5°  C  decrease  in  average  temperature, 
while  the  remainder  of  the  southern  latitudes 
.showed  a  I*"  t\  decrease.  The  large  global  cooling 
trend  was  also  reflected  in  a  significant  decrease 
in  the  length  of  the  growing  season  in  the  higher 
middle  latitudes  and  a  substantial  increase  in  the 
variability  in  the  length  'of  the  growing  season 
from  year  to  year. 

By  the  year  2000,  it  was  also  raining  less  in  the 
higher  middle  and  subtwpjcal  latitudes,  although 
precipitation  amounts  in  the  lower  middle  latitudes 
changed  little  or  pc^sibly  increased  slightly. 

Precipitation  also  became  more  variable.  The 
westerlies  showed  a  pronounced  shift  from  the 
higher  middle  to  lower  middle  latitude^?,  Th^s  shift 
brought  bnef.  yet  severe,  "hit-and-run**  droughts 
as  well  as  severe  cold  spells  (including  eariy  and 
late  killing  fiosts)  in  the  lower  middle  latitudes. 
The  higher  middle  latitudes,  particulariy  Canada, 
from  which  the  we>teHies  and  their  associated 
storm  tracks  were  displaced,  suffered  an  increased 
incidence  of  long-term  drought  and  winter  cold. 
In  the  subtropical  latitudes,  the  subtropical  highs 
tended  to  displace  the  tropical  easteriy  rainbelt 
and.  hence,  increased  the  incidence  of  long  pe- 
riods of  hot.  dry  weather.  The  center  and  intensity 
of  the  Asiatic  monsoon  changed  dramatically 


•Statements  concerning  some  details  of  this  scenario  reflect 
'»  higher  degree  of  certainty  than  >^as  expressed  hy  the 
chmatologists  who  participated  in  thi^  study  See  Tahio  4- 
I  A  and  B  for.thc  range  of  uncertainty 


*()ne  Llimalologisl  who  mchned  to  this  scenario  reasoned 
that  the  north  polar  regions  would  cooH  only  about  0  S"  C. 
con^ideiahly  less  than  the  tooling  tn  the  middle  northern 
latitudf^s 
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bjtween  the  late  1970s  and  the  tum  of  the  century. 
The  frequency  of  monsoon  failure  in  northwest 
India  increased  to  such  an  extent  that  the  last 
decade  of  the  20th  century  bore  a  resemblance  to 
the  period  from  1900  to  1925.  Droughts  were  jlso 
more  frequent  ui  the  Sahel  region  of  Africa. 

Moderate  GMmI  Cooling* 

The  global  cooling  trend  that  began  in  t*ie.  4940s 
continued  through  the  last  quarter  of  the^20th 
century.  By  the  year  2000,  mean  Northern  Hemi- 
sphere temperature  had  decreased  by  approxi- 
mately 0.15°  C  compared  to  the  early  1970s. 
<  Climatologists  explained  this  trend  principally  in 
terms  of  a  natural  cooling  cycle,  modei^ted  by  the 
warming  effects  of  increasing  amounts  of  carbon 
dioxide  in  the^tmospKere.  The  cooling  cycle  was 
partly  solar  in  origin  and  partly  associated  wirfi  an  • 
increase  in  volcanic  activity. 

While  temperature  decreased  over  the  entire 
globe,  the  lai^gest  temperature  decreases  occurred 
in  the  higher  latitudes  of  the  Northeni  Hemi- 
sphere. Specifically,  the  polar  latitudes  of  the 
Northern  Hemisphere  cooled  by  T  C;  the  higher 
middle  latitudes  by  0.4**  C;  the  lower  middle 
latitudes  by  0.3**  C;  and  the  subtropical  latitudes 
by  0.2*^10.  The  Southern  Hemisphere,  with  its 
.  more  zonal  circulation  and  larger  ocean  area, 
cooled  more  uniformly  and  slowly;  the  average 
cooling  in  that  hemisphere  was  abo«t  0.15°  C.  The 
extent  of  the  cooling  in  the  higher  middle  latitudes 
-  was  not  suffi5;iently  large  to  cause  a  significant 
change  in  the  mean  length  or  interannual  variabil- 
ity of  the  growing  season. 
'  The  growing-seison  precipitation  as  well  as 
annual  precipitSation-  levels  remaihed  unchanged  in 
the  lower  middle  latitudes  but  decreased  slightly 
in  'the  higher  middle  and  subtropicaj  latitud^s. 
*  Annual  and  growing-season  precipitation  variabil- 
ity increased  sfightly  compared  to  the  1950-75 
{ieriod.  .with  tfje  strongest  tendency  toward  in- 
creased variability  in  the  subtropical  latitudes. 

Drought  conditions  again  plagued  ihe  midlati- 
tude  areas  of  the  United  States,  corroboratijig  the 
20-  to  22-year  drought  cycle  hypothesis.  In  the 
other  midlatitude  areas  of  the  worid,  ther^  were 
intermittent  drought  conditions  comparable  to 
those  of  the  1970s.  Droughts  were  also  more 
frequent  in  the  Sahel  region,  as  was  monsoon 
failure  in  Asia. 


Salhie  as  the  Last  30  Years* 

The  global  cooling  trertdthat  began  in  the  19405 
leveled  out  in  the  1970s.  Average  global  tempera- 
ture in  the  last  quarter  of  the  20th  cehtury 
increased  slightly;  thus,  temperatures  were  more 
consistent  with  those  in  the  period  from  1940  to 
1970.  By  the  year  2000,  mean  Northern  Hemi- 
sphere temperature  had  risen  approximately  O.T  C 
compared  to  the  early  1970s.  Climatologists  ex- 
plained that  the  warming  effects  of  the  increasing 
amounts  of  carbon  dioxide  in  the  almoaphere  had 
balanced  a  natural  eooling  cycle.  Temperature 
increases  were  neariy  uniform  throughout  the 
Northern  and  Southern  Hemispheres,  with  slightly  ^ 
more  warming  in  thy  Northern  Hemisphere  than 
in  the  Southern.  No  significant  changes  in  ^ne 
mean  length  or  interannual  variability  of  the 
growing  season  were  noted. 

The  annual  precipitation  lf  "^ls  as  well  as  the 
growing-season  precipitation  remained  unchanged 
from  the  1941-70  period.  Also  "unchanged  was  the 
variability  of  annual  precipitation.  However,  a 
small  shift  toward  increased  variability  in  the 
^i'>wing  season  was  detected. 

Di  ought  conditions  again  plagued  the  midlati- 
tudt  areas  of  the  United  States,  corroborating  the 
o  22-year  drought  cycle  hypothesis.  In  other 
itude  ^as  of  the  worid,  drought  conditions 
;d  also,  but  not  to  t^  j  same  extent  as  in  the 
ed  States.  On  the  other  hand,  favorable 
xtic  conditions  returned  to  India  and  other^ 
parts  of  Asia.  Monsoon  failures  became  more 
infrequent.  Also,  the  Sahel  region,  which  had 
suffered  severe  drought  from  1%5  to  1973,  re- 
turned to  average  weather  conditions. 

Moderate  Global  Warniingt 

The  global  cooling  trend  that  began  in  the  1940s 
was  reversed  in  the  last  quarter  of  the  20th 
century.  By  the  year  2000,  mean  Northern  Hemi^ 
sphere '  temperature  had  risen  by  approximately 
0.4*^  C,  compared  to  the  eariy  1970s.  Climatolo- 
gist^  explained  that  this  increase  in  temperatures 
was  due  prim  !pally  to  the  warming  effects  of 
increasing  amounts  of  carbon  dioxide  in  the  at- 
mosphere, which  predominated  over  a  slow,  nat- 
ural cooling  effect. 


•Statements  concerning  some  details  of  this  scenano  reflect 
a  higher  degree  of  certainty  than  was  expressed  by  the 
clim^ologists  who  particif^ated  in  this  study  See  Tables  4-< 
2  A  an<5  B  for  the  range  of  uncertainty 


•Statements  concerning  some  details  of  this  scenano  reflect 
a  higher  degree  of  certainty  than  was  expressed  by  the 
climatologists  who  participated  in  this  study.  See  Tables  4> 

3  A  and  B  for  the  range  of  uncertainty. 

t  Statements  concerning  some  details  of  this  scenario  nflecl 
a  higher  degree  of  certainty  than  was  expressed  by  the 
climatologists  who  participated  in  this  study.  Sec  Tables  4- 

4  A  and  B  for  the  range  of  uncertainty. 
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THE  PROJECTIONS 


TABLE  4~1A 


LARGE  GLOBAL  COOLING 


PROBABILITY.OF  SCENARIO  0.10 

MEAN  NORTHERN  HEMISPHERE  TEMPERATURE  CHANGE  SINCE  1969   between  0  3°  and  1  2°C  colder 


PROBABILITY  OF  TEMPERATURE  CHANGE  BY  LATITUDE 


(Compared  with  1970-75) 

S| 

1  5  20  C 

colder 

O 

o 

in  ^ 
o| 

r- 

05  1  0°C 
colder 

0  0-0  5°C 
colder 

1   0  0-0  5°C 
j  warmer 

1   0  5  1  O'C 
1    warmer  ' 

6 

I/)  ^ 

6  re 
-  5 

O 

Northern 
hemispherr 

Polar 

'  Higher  mid  latitude* 
Lower  mid  latitude 
Subtropical 

02 

06 
0  1 

0  1 
05 
04 

0  1 
03 
04 

05 

0  1 
02 
05 

Southern 
hemisphere 

Subtropical 
Lower  mid  latitude 
Higher  mid  latitude* 
Polar 

05 
'  06 
06 

C5 
04 
03 
03 

05 
0  1 
0  1 
0  1 

*Growmg season  in  higher  middle  latitudes  Probabilttv  of  an  increase  (decrease)  in  the  length  of  the  growing  si'ason 
exceeding  10  days  is  0  0  (09).  probabilttv  of  an  increase  (decrease)  m  the  vanc'^ihty  of  the  length  of  the  growmg 
season  in  excess  of  25%  is  0  8  (0  0) 


PROBABILITY  OF  PRECIPITATION  CHANGE  BY  LATITUDE 


(Compared  with  1941-70) 


Higher  mid  latitude 
Lower  mid-latitude 
Subtropical 


ANNUAL 

GROWING  SEASON 

Ia 

N 

6  . 

s  ^ 

Change  ' 

<  10%  1 

Decrease 

1  02 
0  3 
02 

05 

05  , 
05 

03 
02 
03 

02 
03 
02 

05 
05 
04 

0-3 
02 
04 

PROBABILITY  OF  PRECIPITATION  VARIABILITY  CHANGE  BY  LATITUDE 


(Compared  with  average  for  the 
previous  25  year  penod) 

ANNUAL 

GROWING  SEASON 

Increase 
>  25% 

O  V 

t  in 

Q  /^ 

Increase 
>  25%  1 

Change 
<25% 

Decrease 
>25% 

Higher  mid-lititiide 

03 

05 

02 

03 

06 

0  1 

Lower  mid'litttude 

03 

05 

02 

u3 

05 

0.2 

Subtropical  / 

04 

04 

02 

04 

04 

02 

I  00 
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TABLE  f>lB 

 I 


LARGE   GLOBAL  COOLING 


* 

 ^  ^  ^ 

-  51 

^  9 

o  c 

§1 

Smoke 

Volcanic  , 
dust 

i 

t 

6  1 

RELATIVE  IMPORTANCE  OF  CARBON  DIOXIDE 
AND  TURBIDITY  (PERCENT)  DURING  THE 
PERIOD  1975  2000 

15 

05 

20 

50 

10 

1977  80 

1981  90 

1991  2000 

Frequent 

\ 

> 

«^ 

Infrequent 

Frequent  i 

> 
< 

Infrequent 

Frequent 

> 
< 

Infrequent 

PROBABILITY  OF  MID  LATITUDE  DROUGHT* 

United  States 

06 

03 

0  1 

04 

05 

01 

0.7 

0  2* 

0  1 

Other  Mtd  Latitude 

06 

03 

0  1 

04 

05 

01 

07 

02 

0.1 

PROBABILITY  Or  SAHEL  DROUGHT*  * 

05 

05 

05 

04 

0  1 

0.6 

03 

01 

PROBABILITY  OF  MONSOON  FAILURE*** 

Northwest  India 

04 

05 

0  1 

04 

05 

0.1 

0.5 

05 

Other  Ind'a 

05 

04 

0  t 

04 

05 

01  ' 

0.6 

03 

01 

Other  Monsoon  Asia  ^ 

05 

04 

0  1 

04 

05 

01 

05 

04 

01 

*frtqu^nx-^^m^\^t  to  early  to^  1930sand  early  tom.d  1950s,  a^^erase- similar  to  the  frequency  over  the  longest 
period  of  record  available,  mfrtquenx^\\rc\\\^%  to  1940s  and  1960s  ^ 

•*freQytnf-$imilar  to  1940  50  and  1965  73  periods,  average  -similar  to  the  frequency  over  the  longest  period  of 
ffcord  available,  mfrtquent-  similar  to  1950^5  period 

••Vf»<jw#nf-similar  to  1900  25  period,  ak^era^e- similar  to  the  frequency  over  the  longest  period  of  record 
available, /n/nr<;(/#r7f- similar  to  1930*60  penod 
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TABLE  4-2A 


MODERATE  GLOBAL  COOLING 


PROBABILITY  OF  SCENARIO:  0.25  > 

MEAN  NORTHERN  HEMISPHERE  TEMPERATURE  CHANGE  SINCE  1969:  between  0.05°  and  0.3°C  colder  ^ 


PROBABILITY  OF  TEMPERATURE  CHANGE  BY  LATITUDE 


(Compared  with  1970-75) 

u 

0 

O 

CO 

p 

V 

o 
u 

o 

^  1 

u 

o 

iO  ^ 
^  V 

°1 

0,5  1,C°C 
colder 

u 

0 

ID  ^ 
O  U 

u 

E 

o  i 

u 

o  i . 

u 

si 
-  f 

u 

^.  i 

Polar 

0  1 

06 

0.1 

01 

01 

Northern 

Higher  nrid-latitude  * 

01 

04 

04 

01 

hemisphere 

Lower  mid-latitude 

01 

0  1  . 

07 

01 

Subtropical 

02* 

07 

01 

Southern 
henitsphere 

Subtropical 
Lower  m*d  latitude 
Higher  mid  latitude* 
Polar 

01 
01 

0.2 

0.2 
0.2 
0.2 
02 

0.6 
03 
03 
02 

01 
03 
0.3 
03  ' 

0.1 
01 
0.1 
01 

'Growing  Mason  in  hi^^er  middle  latitudes  Probability  of  an  •ncrease  (decrease)  in  the,  length  of  the  growing  season 
exoMding  10  days  ts  0  1  (0.2),  probabiiity  of  an  increase  {decrease)  m  the  variability  of  the  length  of  the  growing 
season  in  ^xotss  of  2S%  is  0.2  (0.1 ). 


PROBABILITY  OF  PRECIPITATION  CHANGE  BY  LATITUDE 


(Compared  with  1341-70) 

ANNUAL 

GROWING  SEASON 

u 

■ 

u 

It 

f« 

e  S 

6  V 

S  A 

Iv 

K 

Highar  mid-latitude 

02 

05 

03 

0.2 

-  0.5 

Lower  mid-latitude 

02 

06 

02 

0.2 

0.6 

0.2 

Subtropical 

02 

05 

03  * 

-  i " 

0.5 

0.3 

PROBABIblTY  OF  PRCCIPITATION  VARIABILITY  CHANGE  BY.  LATITUDE 


(Compered  with  average  for  the 
previoui  25  vear  period) 

ANNUAL 

GROWING  SEASON 

}« 

1  A 

Char 

<  25 

i  A 

Incre 
>2S 

6v 

is 

Higher  mid-latitude 

02 

06 

02 

0.3 

0.6 

0.1 

Lower  mid-latitude 

02 

06 

02 

03 

0.6 

0.1 

Subtropical 

03 

05 

02 

04 

05 

0.1 
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.    TABLE  4-2B 
MODERATE  Q'LOBAL  COOLING 


CO' 

suoq 

OJO 

•> 

O 

u 
c  • 

15  ^ 

JC  '  . 

^  y 

Flu 
carl 

£ 

o  a 

RELATIVE  IMPORTANCE  OF  CARBON  DIOXIDE 

• 

-  AND  TURBIDITY  (PERCENT)  DURING  THE 

20 

10 

25 

30 

PERIOf)  1975-2000 

1^77  80 

19B1-90 

1991  2000 

c 
«» 

{Jl. 

Average 

Infrequent 

Frequent 

Average 

Infrequent 

Frequent 

Average 

Infrequent 

PROBABILITY  OF  MID  LATITUDE  DROUGHf 

United  States 

06 

03 

0  1 

03 

06 

0.1 

06 

03 

0  1 

Other  Mid-Latitude 

06 

04 

05 

04 

0  1 

05 

04 

0  1^ 

PROBABILITY  OF  SAHEL  DROUGHT" 

04 

05 

Ql 

04 

04 

02 

05 

D4 

0  1 

PROBABILITY  OF  MONSOON  FAILURE '  *  * 
Northwest  Indta 

04 

OB 

0  1 

03 

05 

02 

04 

06 

Other  India 

05 

04 

01 

03 

06 

02 

05 

04 

0  1 

Other  Monsoon  Asia 

05 

04 

0  1 

03 

05 

02 

04 

1 

05 

0  1 

Vreouenr-Simtlar  to  early  to  m»d- 1930$  and  early  to  mid  }9bOi ,  aver  age  sinnHar  to  the  frequency  over  the  longest 
period  of  record  available,  mfregufnt-nmilBr  to  1940s  and  1960s 

**^rK7aenr- Sim  liar  to  1940  50  and  f965  73  periods  a^eragie  stmilar  to  the  frequency  over  the  longest  pf--  od  of 
record  available. /n/rvQi/i?»)r~simil«r  to  1950  65  period 

***f^f»(jc/er»f-s»milaf  to  l9Ci0  25  period,  jyeraj^-s»mi>iir  to  the  frequ^'ncy  over  the  longest  period  pf  record 
available. /n/rf^oenr- similar  to  1930  60pertod 
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THE  PROJECTIONS 


TABLE  4-3A 


SAME  ASTHE   LAST30  YEARS 


PROBABILITY  OF  SCENARIO:  0  30 


MEAN  NORTHERN  HEMISPHERE  TEMPERATURE  CHANGE 
SINCE  1969  between  0.0&''  colder  and  0  25''C  warmer 


PpifBABILITY  OF  TElVfrERATURE  CHANGE  BY  LATITUDE 


(Compared  with  1970-75) 


in  w 
o  2 


o  u 


o 

in  w 
o  « 

Si 


o 

in  a) 

o  E 

6  15 

o  J 


in  ro 

o  J 


o 

in  « 
-  E 

^•1 


o 

o 

O 


in  10 


0  »_ 


6  15 


o 

o  . 

o  ;s 


Northern  \^ 
hemisphere 


Polar 

Htgher  nud  latitude* 
Lower  mid  latitude 
Subtropical 


0  1 


0  1 
0  1 
0  1 
0  1 


0  1 
02 
02 
02 


03 
04 
04 
05 


02 
02 
02 
0  1 


02 
0  1 
0  1 
0  1 


Southern 
hemisphere 


Subtropical 
Lower  mid-latttude 
Higher  mid  latttude* 
Polar 


0  1 


0  1 
0^1 
0  1 
0  1 


03 
03 
03 
03 


04 
04 
04 
03 


0  1 
0  1 
0  1 

<0T 


0  1 
0  1 
0  1 
0  1 


'Growing  season  in  higher  middle  latitudes  ProbabHitv  of  an  increase  idecreasel  in  'he  fengtfi  of  the  growing  season 
exceeding  10  days  »$  0.2  (0.1),  probabhty  of  an  increase  (decrease)  m  the  variability  of  the  length  ot  the  growing 
season  in  excess  of  25%  ts  0  1  (0  1) 

PROBABILITY  OF  PRECIPITATION  CHANGE  BY  LATITUDE 


(Compared  with  1941-70) 

y 

ANNUAL 

GROWING  SEASON 

IrKrease 
*  10% 

rr 

6  V 

.Decrease 
>  10% 

Increase 
>  10% 

Change 

<  10% 

.Decrease 
>  10% 

1 

Higher  mid-latitude 
Lower  mid  latitude 
Subtropical 

02 
02 
02 

06 
06 
06 

02 
02 
02 

02 
02 
02 

06 
.06 
06 

02 
02 
02 

PROBABILITY  OF  PRECIPITATION  VARIABILITY  CHANGE  BY  LATITUDE 

(Compared  with  average  for  the 
previous  25-year  period) 

ANNUAL 

GROWING  SEASON 

Increase 
>  25% 

^  CN 

O  V 

Decrease 
>25% 

Increase    '  ' 
>25%  1 

Change 

<  25% 

Decrease 
>25% 

Higher  mid  latitude 
Lower  mid-latitude 
Subtropical 

02 
02 
02 

06  , 

06 

06 

02 
02 
02 

02 
02 
03 

07 
07 
06 

0  1 
0  1 
0  1 
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TABLE  4-3E  ^ 


SAME  AS  THE   LAST  30  YEA^RS 


V 

Carbon 
dioxide 

Fluoro 
carbons 

Smoke 

c 

RELATIVE  IMPORTANCE  OF  CARBON  DIOXIDE 

AND  TURBIDITY  (PERCENTl  DURING  THE 

50 

10 

10 

15 

15  ' 

PERIOD  1975  2000 

« 

1977  80 

1^81  90 

1991  2000 

Frequent 

>  #• 
< 

Infrequent 

« 

Frequent 

Average 

c 



Frequent 

> 
< 

c 

PROBABILITY  OF  MID  LATITUDE  DROUGHT* 

United  States 

05 

04 

0  1 

02 

06 

.  02 

05 

04 

0  1 

Other  IWid  Latitude 

04 

05 

01 

03 

t  06 

0  1 

04 

05 

0  1 

PROBABILITY  OF  SAHEL  DROUGHT  *  * 

0  2, 

06 

02 

02 

0  7 

0  1 

02 

0  7 

0  1 

PROBABILITY  OF  MONSOON  FAILURE**' 

North\A/e$t  India 

03 

06 

0  1 

02 

06 

02 

02 

05 

03 

Other  India 

0^ 

06 

0  1 

02 

06 

02 

02 

Ob 

03 

Other  Monsoon  Asia 

■  03 

06 

0  1 

02 

06 

02 

02 

06 

02 

- 

Frequent -simHar  to  early -to  rrnd  1930s  and  early  to  mid  1950s  average ~%tm\\ at  to  the  frequency  over  the  longest 
period  of  record  available,  infrequent  similar  to  1940s  and  iSGOs 

*VrffQu*fif- Similar  to  1940  50  and  1965  73  penods,  average  - ^\ir^ \\ar  to  the  frequency  ov^r  the  longest  period  of  ^ 
record  available.  //r^/iPQuenf  - similar  to  1950  65  period 

***^rtfQwe/7f- similar  to  1900  25  pcrtod.  average  similar  'o  the  fie<|HjenrY  ovei  thp  longest  period  oi  record 
available,  fn frequent "%\mi\dT  to  1930  60  per-od 
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THE  PROJECTIONS 


TABLE  44A 


MODERATE    GLOBAL    WARMING   ^   ^_ 

PROBABILITY  OF  SCENARIO:.  0.25  .  ' 

MEAN  NORTHERN  HEMlSPHEPTE  TEMPERAT<;RE  CHANGE  SINCE  1969:  between  0.25"  and  O.e^'C  warmer 

 .  L  t  i  

PROBABILITY  OF  TEMPERATURE  CHANGE  BY  LATITUDE 


(Compared  with  1970*75) 
■ 

u 

0 

in 
o 

"0 

0 

o 

O 

o  ^ 

^1 

O  0 

u 

i* 

O  u 

O 

0  . 

9? 
o  ^ 
o  J 

in  H 
o  i 

O 

6 

u 

in  X 
^  ) 

(J 
o 

o 

0  . 

s? 

o  !« 

Potar 

0  1 

a1 

02 

02 

02 

02 

Northern 

.  Higher  mid  iatitude' 

0  1 

03 

0.4 

0  1 

01 

hemisphere 

Lower  mid  latitude 

0  1 

05 

03 

Subtropical 

0  r 

06 

02 

0  1 

Southern 
hemisphere 

Subtropical 
Lower  mid  iatitude 
^  Higher  mid-latitude* 
Pular 

< 

0  1 
01 
01 
0  1 

06/ 
05 
03 
02 

02 
03 
05 
05 

0  1 
01 
0  1 

6 1 

01 

'Growing  season  in  higher  middle  latitudes  Probability  of  an  increase  (decrease)  in  the  length  of  the  growing  seator; 
exceeding  10  days  ts  0  4  10  2).  probabMity  of  an  increase  (decrease)  in  the  va^btfity  of  the  length  of  the  growing 
season  in  excess  of  25%  IS  0  1  (0  2) 


PROBABILITY  OF  PRECIPITATION  CHANGE  BY  LATITUDE 


(Compared  with  1941  70) 

ANNUAL 

GROWINGS 

EASON 

u 

(J 

f  A 

|l 

U  V 

*•  J? 
£  o 

Q  A 

h 

Change 

<  10% 

Higher  mid  tatitude  ^ 

03 

05 

02 

03 

05 

02 

L6nrer  mid  latitude 

02 

06 

02 

02 

06 

02 

02 

06 

02 

03 

05 

0,2 

PROBABILITY  OF  PRECIPITATION  VARIABILITY  CHANGE  BY  LATITUDE 


(Compared  with  average  for  the 
previous  25-year  peyod) 

ANNUAL 

GROWING  SEASON 

%^ 

£  CO 
O  CN 

^  A 

1  ^ 

0  V 

o  ^ 

1  rKrease 
>  25% 

c  in 

•  CM 

5  V 

Decrease  ' 
>25% 

Higher  mid  latitude 
Lower  mid  latitude 
Subtropical 

02 
02 
02 

06 
06 
06 

02 
02 
02 

02 
02 
03 

0.6 
06 
05  ' 

0.2 
02 
02 

» 
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TABLE  4^B  . 

MODERATE  GLOBAL 

WARMING 

Carbon 
dioxide 

Fluoro 
carbons 

Smoke 

1 

Volcanic 
dust 

Other 
particles 

RELATIVE  IMPORTANCE  OF  CARBON  O'OXlOE 

AND  TURBIDITY  (PERCENT}  DURING  THE 

60 

t5 

5  • 

10 

10 

PERIOD  1975  2000 

1 

1977  80 

1981-90 

1^ 

1991  2000 

c 
a 

Average 

Irfrequenl 

4; 
3 

a 

Average 

Infrequent 

c 

S 

Average 

1 

Infrequent 

PROBABILITY  OF  MID  LATITUDE  DROUGHT* 

4 

T 

Unittd  States 

06 

03 

0  1 

02 

02 

06 

05 

03 

0.2 

Other  M<d  Latitude 

PROBABILITY  OF  SAHEL  DROUGHT' ' 

03 

04 

03 

03 

03 

03 

04 

03 

PROBABILITY  OF  MONSOON  FAILURE*" 

Northwest  India 

03 

04 

03 

03 

04 

03 

02 

05 

03 

Other  India 

< 

pther  Monsoon  Asu, 

i 

*fr»Qu#nf-similir  to  eany  to  mid  1930s  and  earjy  to  mid  1950s  average  -umiiaT  to  the  frequency  over  the 
longest  period  of  record  available.  /o^/Tff«/oenf -similar  to  T940s  and  ifeOv 

**^'»<7</#nf— similar  to  194050  and  1965  73  periods  average-similar  to  the  frequency  over  the  longest  period  of 
rtoord  fvaiiiNe,  mfrffQfvffnf-similar  to  1950  65  period 

***Fr§Qu^t—i\:,,i\dT  to  1900  25  Mnod.  averape -similar  to  the  frequ?ncy  over  the  torigest  period  of  record' 
avail«ble,m^rfQu*nf~similir  to  1930  6Crpenod 
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TABLE  4-5A 


LARGE    GLOBAL  WARMING 

PROBABILITV  OF  SCENARIO  0  10  -  •  , 

MEAN  NORTHERN  HEMISPHERE  TEMPERATURE  CHANGt  SINCE  1969  between  0  6°  and  1  8°C  warmer 

PROBABILITY  OF  TEMPERATURE  CHANGE  BY  LATITUDE 


(Compared  with  1970-75) 

CJ 

0  . 

IT)  ^ 
^  V 

°? 

CJ 

O  ^ 

O  fj 

1 

0005  C 
colder  » 

CJ 

o 

m  ^ 
o  E 

O  TO 

c  5 

'  4 

u 

^2  i 

o  5 

CJ 

'    o  »_ 
IT) 

-  E 
o  ^ 

-  5 

CJ 

o  Z 

CN  E 
IT)  ^5 

-  5 

2030°C 
warmer 

CJ 

0  . 
0  t 
in  t 
6  n 

n  ^ 

Northern 
hemisphce 

Polar 

Higher  mid  latitude* 
Lower  mid  latitude 
Subtropical 

i 

0  1 
0  1 

0  1 
05 
08 

0  1 
05 
02 
0  1 

0  1 
04 
02 

02 

06 

Southern 
hemisphere 

Subtropical 
Lower  mid  latitude 
H.Qhei  mid  latitude* 
Polar 

0  1 
0  1 

09 
0& 
0  1 
0  1 

0  1 
02 
0  5 
0  1 

02 
04 
0  1 

02' 

05 

'prowing  <easorj  m  higher  mid<;J!e  latitudes  Probabtlit/  of  an  increase  (decrease)  in  the  length  of  growing  season 
exceeding  10  days  is  0  8  (0  0),  probabHiiy  of  an  -Kicrease  (dec  "ase)  m  the  vanabfhry  o^Ahe  length  of  the  growing 
season  m  excess  of  25%  is  0  0  (0  7) 


PROBABILITY  OF  PRECIPITATION  CHANGE  BY  LATITUDE 


(Compared  w»th  1541-70) 

ANNUAL 

GROWING  SEASON 

Is 

Change 
<  10% 

£^ 

Q  A\ 

Increase 
>  10% 

Change 
<  10% 

Decrease 
>  10% 

Higher  mid  latitude 

04 

05 

01 

03 

05 

02 

Lower  mid  latitude  , 

03 

05 

02 

03 

04 

03 

Subtropical 

03 

05 

02 

04 

0.5 

0  1 

PROBABILITY  OF  PRECIPITAtlON  VARIABILITY  CHANGE  BY  LATITUDE  ^ 


(Comparer*  wi<h  average  for  the 
previous  25  yea(  penodj 

ANNUAL 

'4, 

GROWING  SEASON  ^ 

t  in 

f  ^ 

Change 

<  25% 

Decrease 
>  25% 

:  r-^ 
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While  average  globaJ,4jyjipcrature  increased 
mcxferately,  the  largest  temperature  increases 
came  in  the  higher  latitudes.  The  Northern  Hemi- 
sphere wanped  slightly  more  than  the  Southern 
Her'^phere  due  to  its  greater  land  area  and  the 
larfewf  thermal  inertia  of  the  southern  oceans.  In 
the  Northern  Hemisphere,  the  polar  latitudes 
warmed  by  1.2"  C;  the  higher  middle  latitudes  by 
0.5^  C,  the  lower  middle  latitudes  by  0.3^  C;  and 
the  subtropical  latitudes  by  0.25^  C.  In  the  South- 
em  Hemisphere,  average  temperatures  over  the 
polar  latitudes  increased  by  0.65^  C;  the  higher 
middle  latitudes  by  0.4"*  C;  the  lower  middle 
latitudes  by  0.3^  C;  and  the  subtropical  latitudes 
by  O.y  C.  The  increase  in  global  temperature  was 
reflected  in  a  moderate  increase  in  the  length  of 
the  growing  season  in  higher  middle  latitudes,,  but 
no  significant  change  in  the  mterannual  variability 
of  the  growing  season  was  noted. 

Annual  preci|Atation  levels  increased  slightly  in 
the  higher  middle  latitudes  but  showed  little 
change  for  lower  latitudinal  bands.  Growing- sea- 
son  precipitation  also  increased  slightly  in  the 
higher  middle  latitudes  and  subtropical  regions  but 
remained  unchanged  in  the  lower  middle  latitudes. 
Both  annual  and  growing*srason  precipitation  var- 
iability remained  essentially  unchanged  except  for 
a  slight  increase  in  the  variability  of  growing- 
season  precipitation  in  subtropical  latitudes. 

Drought  conditions  again  plagued  the  midlati- 
tude  areas  of  the  Unitecl  States,  corroborating  th^ 
20-  to  22-year  drought  cycle  hypothesis.  Clmiatic 
conditions  were  somewhat  more  favorable  in  the 
Asiatic  region  and  in  subtropical  North  Africa. 
The  frequency  oi*  monsoon  failure,  especially  in 
northwest  India,  resembled  more  closely  the  long- 
term  average;  so  did  the  irequency  of  drought  in 
the  Sahel  region. 

Large  Global  Warming* 

The  global  cooling  ircnd  that  beg?*^  n  the  1940s 
V  iS  dramatically  reversed  in  the  irter  of 

the  20th  century.  By  the  year  2  je  mean 
Northern  Hemisphere  temperatuie  had  increased 
by  about  1**  C  compared  to  the  early  1970s. 
Climatologists  explained  that  this  trend  was  due 
principally  to  the  warming  effects  of  the  increasing 
a^nounts  of  carbon  dioxide  in  tiie  atmosphere. 

While  temperature  increased  over  the  entire 
gloljCTteSftpcrature  increases  were  more  pro- 
at  higher  latitudes.  THe  subtropical  llti- 


^Statemcnts  concerning  some  detaih  of  this  scenario  reflect 
a  higher  degree  of  certainty  than  was  expres:>ed  by  the 
climatologists  who  pailicipated  m  this  study  S^e  Tables  4- 
5  A  and  B  for  the  range  of  uncertainty. 


tudes  warmed,  on  the  average,  by  0.8"*  C;  the 
lower  middle  latitudes  by  l.(f  C;  the  higher  mid- 
dle latitudes  by  1.4^  C;  and  the  polar  latitudes  by 
a  remarkable  3.0°  C,  compared  to  the  early  1970s. 
Symmetry  prevailed  as  similar  temperature 
changes  were  observed  in  both  the  Northern  and 
Southern  Hemispheres.  The  increase  in  tempera- 
ture was  accompanied  by  a  significant  increase  in 
the  length  of  the  growing  season  in  the  higher 
middle  latitudes,  as  well  as  by  a  substantial 
decrease  in  the  variability  from  year  to  year  in  the 
length  of  the  growing  season 

Precipitation  levels  generally  increased,  espe- 
cially in  the  subtropical  and  higher  middle  lati- 
tudes. In  the  lower  middle  latitudes  there  was 
little  net  change  of  precipitation.  Annual  precipi- 
tation variability  decreased  slightly  compared  to 
the  1950-75  period;  precipitation  variability  during 
the  growing  season  similarly  decreased  in  the 
higher  middle  latitudes,  but  increased  slightly  in 
the  lower  middle  ^nd  subtropical  latitudes. 

The  warming  trend  also  ushered  in  more  favor- 
able climatic  conditions  in  India  and  other  oart^  of 
Asia.  These  conditions  were  similar  to  those  of 
the  1930-60  period.  Monsoon  failure  was  infre- 
quent*  especially  in  northwest  India.  But  in  the 
midlatitude  areas  of  the  United  States,  extending 
from  the  Rockies  to  the  Appalachians,  drought 
conditions  similar  to  the  mid-l930s  and  the  eariy 
to  mid-1950s  prevailed.  In  other  midlatitude  areas 
of  the  world,  notably  Europe,  the  probability  of 
drought  declined.  The  increased  levels  of  precipi- 
tation also  returned  the  Sahel  region  to  wetter 
weather  conditions. 

Climate  Scenarios  f  )r  the  Global  2000 
StuJy 

The  NDU  scenarios  provide  a  richness  of  detail 
that  could  not  be  used  m  the  Global  2000  Study. 
At  the  beginnit^g  of  the  Study  it  was  assumed  that 
the  government's  long-term  global  mcxiels  would 
require  climatolc^ical  inputs,  and  three  simplified 
see nanos— informed  by  the  National  Defense  Uni- 
versity study — were  developed.  More  careful  in- 
vestigation established  later  that  none  of  the 
iilohal  Um^'tenn  models  used  h\  the  ufiencics  for 
thiS  Study  are  capable  of  accepting  climatological 
inputs.  The  energy,  food,  water  and  forestry 
projections  all  assume  implicitly  a  continuation  of 
the  neartx  uleal  climate  of  the  1950s  and  1960s. 
Although  the  climate  scenarios  developed  for  the 
Global  2000  Study  could  ndt  be  incorporated  into 
the  Study's  projections,  the  scenarios  are  reported 
heie  to  indicate  the  range  of  climatic  change  that 
should  be  analyzed  in  a  study  of  this  sort. 
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Ihc  Global  2000  Case  1  scenario  described 
below  is  similar  to  the  "same  as  the  last  30  years** 
scenario  in  the  NDU  study.  The  Case  II  scenario 
is  intermediate  between  NDU's  **moderate  warm- 
ing** and  "large  warming**;  similarly,  Case  III  is 
intermediate  between  NDU*s  two  cooling  scena- 
rios. Note  that  these  scenarios  span  a  narrower 
ran\(e  of  variation  than  the  National  Defense 
University  scenarios  and  that  the  narrow  span 
exiUides  i  hmatolosiual  developments  that  would 
have  a  pronoumed  ejfect  on  future  demands  Jor 
and  supplies  of  food,  wood.  Winter,  and  ener^w 

The  thr^e  Global  2000  climate  scenarios  are. 

Case  I:  No  Change.  Yeariy  rainfall  and  tem- 
perature statistics  are  similar  to  those  of  the  1941- 
70  period.  Drought  conditions  in  the  U.S.  continue 
to  occur  every  20  to  22  years.  Monsoon  failures 
in  India  b^'^ome  less  frequent  than  recently  and 
the  Sahel  '•egion  of  Africa  no  longer  experiences 
severe  drought  of  the  type  that  occurred  in  the 
late  '60s  andcariy  '70s. 

Cas  *  II:  Warming    Global  temperatures  m- 


crease  by  l^'C.  Most  of  the  warming  is  in  the^ 
polar  regions  and  the  higher  middle  latitudes,  with . 
only  slight. warming  in  the  tropics.  Annual  precipe 
itation  increases  by  5-10  percent,  and  year  to  year 
variance  decreases  slightly.  There  is  an  increased 
likelihood  of  U.S.  drought  conditions  similar  to 
those  of  the  mid-*30s. 

Case  III:  Cooling.  Global  temperatures  de- 
crease by  O.S""  C,  Cooling  of  T  C  occurs  in  the 
higher  and  middle  latitudes,  with  a  smaller  change 
in  the  tropics  and  subtropics.  Precipitation 
amounts  decline  and  variability  increases  ooth 
from  month  to  month  and  from  year  to  year. 
Storm  tracks — and  the  precipitation  they  bring— 
shift  toward  the  equator,  imprc^ving  conditions  in 
the  upper  latitudes  of  the  great  deserts  and 
vKoisening  them  on  the  equator  side.  Severe 
monsoofi  failures  are  moie  frequent  in  India** 
scveie  droughts  more  frequent  in  the  Sahel, 

The  three  Global  2000  scenarios  are  compared 
m  Figure  4-1  with  the  historical  record  of  temper- 
ature changes  from  the  1870s  to  the  1970s. 


5  Technology  Projections 


Logically,  technology  is  an  input  to  the  Global 
2000  Study  projections  much  as  are  population, 
GNP,  and  climate.  But,  because  technology  is  so 
highly  specific  to  each  type  of  projection,  k 
impossible  to  formulate  a  single  r^i  of  measures 
of  technological  change  for  all  analyses.  It  was 
therefore  left  to  the  individual  experts  to  make 
their  own  assumptions  about  tbe  effects  of  tech- 
nology in  their  own  fields  and  to  develop  their 
projections  from  those  assumptions  as  weil  as 
from  the  exogenously  supplied  population,  GNP, 
and  climate  forecasts.  They  were  requested  to 
make  these  assumptions  as  explicit  as  possible  in 
statements  to  the  Global  2000  Study— often  a 
difTicult  task,  as  when  trends  of  technological 
advance  were  concealed  in  time  series  extrapola- 
tions^of  other  input  variables,  oi  whin  it  was 
unclear  whether  a  particular  idea  was  more  cor- 
rectly considered  an  assumption  or  a  conclusion. 

This  chapter  gathers  together  the  assumptions 
of  technological  change  md^*  in  the  individual 
analyses  of  the  Global  2000  project.  For  the  sake 
of  comprehensiveness,  the  assumptions  behind 
the  development  of  the  input  forecasts  alrc9dy 
considered  (population,  GNP,  climate)  are  in- 
cluded. 

In  general,  the  analyses  assume  that  the  adop- 
ikm  and  refinement  of  existing  technologies  will 
continue  at  about  the  same  rate  as  in  the  recent 
past.  The  verbal  analyses  often  refer  to  possible 
technological  breakthroughs,  and  many  uf  the 
quantitative  forecasts  extrapolate  from  historical 
data  taken  from  the  past  two  or  three  decades, 
whKh  were  characterized  by  many  such  break- 
throughs. These  forecasts  implicitly  assume, 
therefore,  that  breakthroughs  will  occur  in  the 
future  at  recent  historical  rates. 

Population 

Technology  affects  population  primijily  in  the 
form  of  birth  control,  which  lowers  feitility,  and 
health  care,  which  lowers  the  death  rate.  In 
making  the  population  projections  used  in  the 
Gk>bal  2000  Study,  the  U.S.  Bureau  of  the  Census 
impikitly  assumed  continued  adoption  of  both 
forms  of  technology  at  moderate  rates  by  project- 


ing generally  declining  fertilities  and  mortalities. 
While  the  Burtau  recognizes  the  possibility  of 
technok^al  baakthroughs  in  both  fields,  some 
of  which  are  currently  under  study,  it  believes 
♦hat  it  is  uncertain  whether  any  will  be  perfected 
and  adopted  widely  enough  by  the  year  2000  to 
have  a  signifkant  impact  on  fertility  and  mortality 
levels.  Similarly,  the  Bureau  assumed  that  no 
regression  in  either  type  of  technology  serious 
enough  to  significantfy  affect  their  forecasts  will 
occ2r  in  the  near  fiiture-for  example,  miyor  harmful 
side  effects  of  existing  birth  coi)|rol  techniques  will 
not  be  discovered,  and  new  uncontrollable  micro- 
bial strains  haimfvil  to  humans  will  not  devetop. 
While  technological  advance  or  regression  may 
occur  before  2000  and  shift  population  growth  up  or 
down  slightly,  the  Bureau  believes  that  such  oc- 
currences wOl  not  result  in  increases  or  decreases 
that  exceed  the  limits  of  its  high  and  tow  projec- 
tions. 

The  discussion  of  migration  in  Chapter  2  makes 
no  technological  assumptions  except  that  worid 
industrialization  will  probably  continue  at  about 
present  rates. 

Gross  National  Pktxluct 

The  GNP  forecasts  in  Chapter  3  were  made  by 
analysts  in  three  separate  agencies  according  to 
somewhat  different  methods.  The  forecasts  for 
industrialized  noncommunist  and  communist 
countries,  made  by  a  panel  of  WAES  (Workshop 
on  Alternative  Energy  Strategies)  experts  and  by 
the  CIA,  respectively,  are  largely  the  result  of 
cjbjectively  extrapolating  historical  growth  rates. 
Thus,  technok>gy  is  implk:itly  assumed  to  contrib- 
ute to  future  economic  growth  abrut  as  it  has  in 
the  recent  past.  The  WAES  panel  adjusted  its 
estimates  downward  to  account  for  the  supposed 
restrictive  effect  of  slowed  future  population 
growth.  The  CIA  adjusted  its  forecasts  for  parts 
of  Eastern  Europe  downward  on  the  basis  of  the 
availability  of  energy,  thus  assuming  that  techno- 
logical advance  will  not  completely  counteract  an 
Incieasing  scarcity  of  energy.  Initially,  however,  it 
based  all  of  its  forecasts  on  direct  extrapolation  of 
past  trends  of  GNP  and  productivity  growth, 
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implicitly  assuming  a  continuation  of  past  techno- 
logical trends. 

Forecasts  for  the  less  developed  countries 
fLDCs>were  made  by  the  World  Bank  (originally 
fo^  use  by  the  WAES  study)  in  three  stages: 

1.  Projections  were  developed  by  analysts  on 
ao  independent,  country  by  country  basis,  relying 
on  a  combination  of  professional  judgment  and 
the  use  of  specialized  country  or  regional  models. 
Typically,  past  rates  of  increase  in  the  productiv- 
ity of  new  capital  investment  were  implicitly 
projected  to  continue  in  the  future.  These  in- 
creases were  not  explicitly  attributed  to  technolog- 
ical change.  However,  because  capital  productiv- 
ity increases  in  the  past  resulted  partially  from 
technological  advance,  extensions  of  the  upward 
trend  in  productivity  presumably  imply  continued 
advance. 

2.  Using  a  computer  based  model,  the  various 
country  projections  were  aggregated  and  adjusted 
on  a  globally  consistent  basis  to  reflect  probable 
economic  growth  constraints  due*  to  likely  limita- 
tions in  the  availability  of  foreign  trade  earnings 
and  foreign  investment  capital.  Each  LDC  gmup 
was  represented  in  a  way  that  implicitly  assumed 
tjiat  major  increases  'm>  the  productivity  of  new 
capital  investment  will  occur  in  each  LDC,  in  part 
as  a  result  of  technological  change  (see  Chapter 
16).  For  example,  in  the  case  of  the  Other  South 
Asian  LDC  group,  a  given  investment  was  implic- 
itly assumed  to  produce  about  60  percent  more 
incremental  GDP  in  1985  than  in  1977  (in  constant 
dollars).  However,  there  is  no  way  to  infer  the 
precise  extent  to  which  this  improved  productivity 
of  ^pital  might  properly  be  attributed  to  techno- 
logical change. 

3  The  projections  were  further  adjusted  judg- 
mcntally  by  Bank  and  WAES  analysts,  but  these 
adjustments  were  not  related  to  assumptions  re- 
garding technological  change, 

Climate 

The  climate  forecasts  make  no  assumptions 
about  technology  except  thai  industnal  prwesses 
will  continue  to  release  large  amounts  of  carbon 
dioxide  into  the  atmosphere,  with  the  possible 
effect  of  warming  the  earths  atmosphere.  No 
other  foreseeable  technological  developments  be  * 
fore  the  year  2O0O  were  consdered  to  have  a 
significant  effect  on  the  climate  of  the  planet 

Food 

As  an  econometric  projection  mtxlel,  the  GOL 
(grain,  oilseed,  livestock)  mcxiel  that  was  tised  to 


make  Global  2000  Study's  agricultural  fore- 
casts assumes  that  economic  vanables  such  as 
product  and  input  prices  will  influence  food  pro- 
duction efficiency  as  in  the  recent  past.  However, 
provision  is  al!»o  made"  to  incorporate  an  exoge- 
nously  estimated  trend  rate  of  growth  in  technol- 
ogy over  and  above  the  growth  explained  by 
economic  variables.  This  is  done  by  adjusting 
regional  fixxl  yield  and  thus,  implicitly,  yields  per 
hectare.  Yield  per  hectare  is  the  measure  of 
production  efficiency  used  in  the  GOL  model. 

The  exogenous  adjilstments  for  changes  in  yield 
ore  made  in  the  regional  production  equations. 
For  each  region,  GOL  has  one  linear  regression 
e'quation  for  each  major  agricultural  product  pro- 
duced kKally.  In  each  equation,  total  production 
is  calculated  as  a  function  of  endogenously  deter- 
mined crop^hectarage,  a  base  crop  yield,  a  time 
liend  variable,  and  changes  in  product  prices, 
input  prices,  and  the  prices  of  products  competing 
for  inputs  The  time  trend  variable  is  equal  to  1  in 
the  first  year  of  the  estimation  period,  to  2  in  the 
second,  and  so  oq.  It  is  intended  to  capture  the 
^fleets  of  factors— cnher  thiin  those  included  m 
the  total  production  equation — that  influence  total 
yields  over  time.  The  most  important  of  these  is  , 
believed  to  be  technology,  which  has  acted ^over 
time  to  increase  yields.  The  following  steps  are 
taken  ,to  adjus^  the  estimated  coefficient  of  the 
trend  variable  Ao  reflect  country  analysts'  judg- 
ment.^ about  future  productivity  trends: 

1  GOL  supply  and  demand  inputs  are  used  to 
project  roughly  the  direction  of  likely  future  price 
movements. 

2  For  each  region,  a  measure  of  likely  pressure 
on  supply  calculated  from  the  price  projections  is 
used  to  estimate  changes  in  "innovative  technol- 
ogy," which  in  turn  defines  the  physical  or 
biological  limitation  on  yield  per  hectare  with  the 
best  available  technology;  the  est  mation  thus 
assume?*  that  technological  advance  responds  di- 
rectly to  economic  incentives. 

3.  The  innovative  technology  level  for  each 
region  and  various  data  forecasted  from  tht  GOL 
run  (see  Step  I)  are  given  to  the  appropriate 
regional  analysts  within  the  Department  of  Agri- 
culture 

4.  On  the  basis  of  the  data  received,  each 
regional  analyst  re-estimates  trend  growth  in  yield 
to  reflect  possible  constraints  or  sources  of  growth  . 
not  included  in  the  original  regression  analysis. 

5  In  each  regional  production  equation  of 
(jOL,  the  coefficient  of  the  time  trend  variable  is 
recalculated  so  that  the  trend  increases  approxi- 
mate the  values  estimated  by  the  regional  analyst. 
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6.  The  GOL  model  is  run  with  the  judgmentally 
modified  trend  coefficients  along  with  the  other 
economic  variables  cited  above.  The  output  of  the 
nrKxlel  is  its  final  forecasts.  The  yields  per  hectare 
that  can  be  calculated  from  the  output  are  called 
**adopted  technology"  because  they  are  the  yields 
per  hectare  that  the  regions  are  projected  to 
actually  achieve. 

Thus,  potential  yields  per  hectare  in  the  future, 
estimated  with  data  from  the  GOL  model,  are 
used  by  analysts  in  adjusting  productivity  data 
within  the  model. 

A  graph  of  innovative  and  adopted  technology 
taken  from  actual  model  data  is  reproduced  in 
Figure  5-1.  It  is  for  rice  production  in  Thailand. 
The  first  half  of  each  curve  is  historical  data.  The 
right  half  of  the  top  curve  is  future  innovative 
technology,  calculated  as  explained  in  Step  2 


above.  The  right  half  of  the  bottom  curve  is 
adopted  technology  calculated  as  explained  in 
Step  6.  GOL  was  run  twice,  once  for  each  of  two 
years,  to  get  two  points  from  each  kind  pf 
technology  with  whkrh  to  draw  the  extrapolations 
shown.  The  innovative  technok>gy  data  art  what 
is  given  to  the  Thailand  regional  analyst  to  cc^ 
sider  in  setting  Thailand's  rice  output  for  the 
adjustnient  of  the  GOL  model  described  in  Step 
3.  TheCadopted  technology  data  points  were 
calculatei^rom  the  output  of  the  runs  as  described 
in  Step  6. 

Fertilizer  consumption  per  unit  of  food  produc- 
tion, also  often  considered  an  important  measun; 
of  agricultural  technology,  is  estimated  subjec- 
tively by  Department  of  Agriculture  analysts  on 
the  basis  of  the  GOL  output  after  the  model  run 
is  complete.  The  fertilizer  consumption  and  food 
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Flgurt  5- 1.  Innovalivf  tnd  adopted  lechnolo(y  level*  for  nee  production  m  Thtiltnd 
»  projected  by  the  OOL  (gram,  oihttd.  livestock)  model. 
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production  data  .in  Chapter  6  show  an  assumption 
of  continued  increases  in  fertilizer  use  per  u.iit  of 
food  output,  from  about  800  nutrient  tons  around 
1971  to  970  nutrient  tons  in  1985  and  to  1210 
nutrient  tons  in  the  year  2000. 

Fisheries 

The  fisheries  analysis  assumes  that  the  means 
to  harvest  and  process  formeriy  unfished  mariiie 
animals,  such  as  Antarctic  knil,  will  be  increas- 
ingly adopted  through  the  year  2000.  Ocean  pol- 
lution will  continue  unabated.  Technology  will 
soon  be  ineffective  and  perhaps  counterproductive 
in  increasing  catches  from  natural  Gsheries  because 
of  reduction  of  fish  populations . 

Forestry 

The  forestry  analysis  assumes  a  continued  de- 
velopment and  adoption  of  technologies  that  in- 
crease both  forest  productivity  and  the  percentage 
of  that  productivity  that  can  be  exploited  and 
used.  RBLTticulariy  in  the  industrialized  countries, 
the  management  of  forests  will  become  more  inten- 
sive, uses  for  fonneriy  discarded  parts  of  trees  will 
be  found;  and  cut  timber  will  be  used  more  effi- 
ciently. In  the  LDCs,  harvesting  technologies  and 
uses  for  fonneriy  ignored  species  and  size  classes 
wiU  be  adopted;  fuelwood  plantations  may  also  be 
established. 

Also  assumed  is  that  no  fuel  as  cheap  as  wood 
is  at  present  will  become  as  widely  available  in 
LDC^  before  the  year  2000. 

I  Water 

The  following  m^or  uses  of  wafer  arc  expected 
to  remain  the  same  through  2000.  Currently,  they 
are  domestic,  irrigation,  industrial  (primarily  in 
manufacturing  but  also  in  mining  and  mineral 
processing),  and  energy  production  (thermal  and 
hydroelectric).  The  two  projections  of  total  worid 
water  use  in  Chapter  9  make  no  explicit  techno- 
logical assumptions.  The  Doxiadis  projection  gives 
no  technological  justification  for  its  S-shaped 
growth  curve  for  water  use.  The  Kalinin  projec- 
tion admittedly'  neglects  the  possibilities  of  (I) 
decreasing  water  requirements  per  unit  of  in^lus- 
trial  or  agricultural  output.  (2)  increasing  water 
purification  or  desalinization,  and  (3)  increasing 
direct  use  of  unpurified  and  salt  water 

Energy 

The  energy  forecasts,  made  with  the  Interna- 
tional Energy  Evaluation  System  (lEES)  com- 


putcr  model,  assume  that  only  proven  techniques 
for  producing  final  fossil  fuels  will  be  widely 
enough  adopted  to  signiTicantly  afTect  the  world 
energy  market  by  the  year  2000.  Producers'  sup- 
ply curves,  indirectly  representing  their  cost  of 
production,  assume  no  rapid  acceleration  in  yield. 
The  real  costs  and  efficiencies  of  refming  and  con- 
verting primary  fuels  and  the  costs,  routes,  and 
modes  of  transporting  intennediate  products  are 
also  held  constant.  However,  the  types  of  final 
fuels  denrumded,  the  sources  of  the  primary  fuels 
used  to  make  them,  the  refining  and  conversion 
techniques  applied  in  production,  and  the  transpor- 
tation modes  and  routes  all  vary  according  to  rela- 
tive costs.  Large  increases  in  the  adoptk)n  of  exist- 
ing technologies  are  also  assumed  to  be  possible. 
The  lEES  allows  world  shipping  and  refining 
capacities  to  expand  indefinitely  to  meet  worid 
eneiigy  demand,  and  miscellaneous  conversions 
capacity  to  expand  up  to  high  Umits.  Miscellaneous 
conversions  capacity  in  198S  and  1990  is  allowed  to 
be  as  much  as  two  and  three  times  its  historical 
1975  level,  respectively.  In  gener^,  the  expansions 
in  refining  and  miscellaneous  conversions 
capacities  are  restricted  to  the  industrialized  na- 
tions. 

The  forecasts  assume  continued  new  ^option 
of  nuclear  and  hydro  power  for  electricai  genera- 
tion. Regional  electrical  generation  canities  from 
nuclear  and  hydro  (including  geothermal  and  s6- 
lar)  power  are  inputs  to  the  I  EES;  the  exact 
quantities  assumed  (Table  5-1)  show  an  increase  , 
in  total  world  generation  from  these  power 
sources  of  about  200  percent  from  1975  to  1990. 
Capacities  of  conventional  thermal  generation, 
like  refining  and  transportation  capacities,  are 
determined  within  the  model  but  allowed  to  ex- 
pand as  much  as  necessary  to  meet  final  demands. 

Fuel  Minerals 

The  primary  purpose  of  the  fuel  minerals 
analyses  was  to  estimate  current  worW  energy 
resources  and  reserves^  The  estimation  of  re- 
sources (all  potentially  recoverable  occurrences  of 
a  mineral)  implicitly  assumes,  how  far  technology 
can  or  will  advance  in  the  recovery  of  kyw-grade 
ores.  Exactly  how  it  will  advance  is  tylMcally  left 
unspecified.  The  estimation  of  reserves  (all  re- 
sources economically  recoverable  at  current  prices 
with  existing  technology)  assumes  by  definition  no 
technological  change. 

Nonftid  Minerals  . 

The  nonfuel  minerals  demand  forecasts  were 
made  from  combinations  of  expert  judgntent  and 
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TABL£  5-1 

Ekctrlcal  Genemtkm  from  Nuclear 
and  I^dro  R)Wf r  Aftiumcd  in  Emt^'  Forecasts 

(Terawan -hours  per  year) 


United 
States 

Fndus- 
tnaiizcd 
Coun- 
tnes" ^ 

Less 
DeveU 
oped 

Coun- 

OPEC 
Coun- 
tnes 

Centrally 
Panned 

Econo- 

tnes 

mies 

1975 
1985 

475 

1.343 

240 

0 

Low  growth 

969 

2.492 

585 

19 

760 

Medium 
growth 

975 

2,^15 

585 

19 

760 

High 
growth 

976 

2.516 

^585 

19 

760 

High  pnces 

1.045 

2.5M 

585 

19 

760 

1990 

Low  growth 

'  1.373 

3.316 

924 

64 

1.350 

Medium 
growth  ' 

1.397 

3.513 

924 

64 

1.350 

High 
growth 

1.402 

3.518 

924 

64 

1.350 ' 

High  prices 

1.555 

3.670 

924 

64 

1,350 

■liKhidint  the  U  S 


data  analysis.  Technology  entered  the  develop- 
ment of  the  forecasts  taken  from  the  1977  Malen- 
baum  Report  (see  Chapter  22)  in  the  derivation  of 
intensity-of-use  curves.  Many  of  the  technological 
assumption^  that  influenced  the  construction  of 
any  one  curve  tended  to  be  highly  specific  to  the 
mineral  and  region  for  which  it  was  drawn.  The 
general  technological  assumptions  implied  in  the 
report  to  underlie  all  of  the  curves,  with  some 
qualification  for  individual  curves,  are: 

1.  As  an  economy  grows,  it  first  develops  or 
adopts  production  processes  that  are  relatively 
mineral-intensive.  Then  increastagly  it  refiner 
these  processes  or  shifts  away  from  them,  which 
contributes  to  a  gradual  decline  in  the  econon)y*s 
mineral  intensity  of  use. 

2.  The  advances  in  mineral  production  technol- 
ogy necessary  to  allow  continued  growth  in  pro- 
duction be  made.  Mineral  production  will 
grow  thiXHigh  2000  quickly  and  reliably  enough  to 
make  endnise  factors,  not  supply  constraints,  the 
dominant  determinants  of  mineral  consumption. 
Economic  growth  will  not  be  restricted  by  mineral 
availability  or  price;  in  fact,  real  mineral  prices 
may  decline  in  the  future. 

The  Bureau  (rf  Mines  demand  forecasts  ustd 
the  judgments  of  the  Bureau*s  individual  commod- 
ity analysts,  aided  by  analyses  of  historical  data. 


ERLC 


U.S.  primary  demand  for  minerals  is  projected  to 
1985  and  2000  by  use  of  a  regression  analysis 
using  the  following  U.S.  economic  indicators  as 
explanatory  variables:  GNP,  Federal  Reserve 
Board  index  of  industrial  production,  gross  private 
domestic  investment,  new  construction,  popula- 
tion, and  GNP  per  capita.  The  historical  values  of 
these  variables,  supplied  by  the  Office  of  Manage* 
ment  and  Budget,  are  taken  from  the  1954-73 
period.  Such  a  regression  equation  would  implic- 
itly asisume  that  the  role  that  technological  ad- 
vance has  had  in  making  mineral  consumption 
track  the  explanatory  variables  in  the  past  will 
continue  into  the  future.  The  forecasts  of  the 
regression  equations  are  considered  by  the  indi- 
vidual commodity  analysts,  who  then  make  the 
final  U.S.  forecasts  after  considering  other  infor- 
mation relevant  to  their  specific  commodity  mar- 
kets, including  expected  technological  advances. 
The  analysts'  forecasts  for  rest-of-the-world  de- 
mand are  made  with  consideration  of  various 
world  and  regional  data,  including  population, 
GDP,  and  GDP  per  capita,  and  their  own  knowl- 
edge of  world  markets  aj[)d  probable  technology, 
hut  without  formal  regression  forecasts  of  de- 
mand. 


Environnifnt 

As  Chapter  13  assesses  the  environmental  im- 
pact that  wouki  result  if  the  other  forecasts  were 
v^id,  it  generally  accepts  their  assumptions  and 
conclusbns  pertaining  to  technology,  in  addition 
to  its  own  technological  assumptions.  The  tech 
nological  assumptions  made  specifically  for  the 
environmental  analysis  arc  listed  below.  The  tech- 
nological assumptions  used  to  make  the  other 
forecasts  are  not  repeated  here.  The  general 
assumption  underiying  the  entire  environmental 
analysis  is  that  most  environmental  problems  are 
the  result  of  conflict  between  population  and 
general  economic  growth  on  the  one  hand  and 
evolved  biologkal  systems  and  physical  constants 
of  the  gtobc  on  the  other;  technology  can  aid  the 
management  of  these  problems  but  not  eliminate 
their  cause  The  sector-specific  assumptions  are 
as  follows: 

Population.  The  relatively  resource-intensive 
living  habits  and  pracuces  of  the  industrialized 
nations  will  continue  to  supplant  other  lifestyles 
around  the  worid. 

Energy.  There  will  be  a  global  acceptance  of 
"J  S.  new  source  performance  standards  in  the 
near  future.  (This  is  an  assumption  of  the  Encigy 
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Systems  Network  Simulator  model  used  to  convert 
the  eneiiy  consumptiu.i  forecasts  to  emissions 
forecasts,  described  in  Chapter  19). 

Food.  The  productivity  increases  projected  in 
the  food  analysirwill  involve  no  m^jor  break- 
throughs in  genetic  engineering  of  food  crops 
(such  as  the  development  of  nitrogen-fixing  strains 
or  c-4  grains,  which  are  relatively  efficient  in 


photosynthesis)  or  soil,  water,  and  air  manage- 
ment. Plant  breeding  will  continue  to  reduce  the 
genetk:  diversity  of  food  crops. 

Minerals.  The  nieans  to  e.-stract  increasingly  low- 
grade  mineral  ores  will  continue  to  be  devetoped  and 
adopted.  No  breakthroughs  in  reducinj^  the  land 
disturbance,  water  use,  or  waste  quantities  resulting 
from  mining  will  occur. 


Hi 


6  Food  and  Agriculture  Projections 


Recent  shifts  in  world  food  supplies  from  sur- 
plus toy^ard  deficit  and  back  again  toward  surplus 
have  geiwrated  wide  concern  as  to  future  food 
balances.  This  chapter  reports  oil  world  food 
projections  to  1965  and  2000,  emphasizing  the 
problem  of  food  balances  in  the  context  of  wider 
resource  and  environmental  balances.  The  projec- 
tions are  ium^narized  in  the  maps  on  the  following 
pages.  The  analytic  finamework  used  to  generate 
the  prcgections  and  their  broad  implkations  are 
highlighted.  Resource  balances,  estimates  of  the 
changing  cost  and  growth  in  investment  required 
to  devek>p  the  productive  capacity  projected  to 
2000,  and  the  broad  environmental  implk:ations  of 
the  projection^  are  also  treated. 


Caveats 

Long-range  projections,  partictiiarly  food  pro- 
jections, are  subject  to  several  qualifications. ' 

Fu^t,  estimating  changes  in  population,  inqpme, 
taste,  resources,  technology,  and  weather  as  well 
as  their  interrelationships  25  years  in  the  future 
calls  for  a  number  of  studies  rather  than  a  single 
paper.  The  wide  range  of  credible  studies  analyz- 
ing these  factors  but  reaching  conflkting  conclu- 
sions points  up  the  latitude  possible  in  estimating 
changes  in  these  key  variable^  and  their  interrela- 
tionships. The  analyses  that  follow  endogenize  as 
many  of  these  variables  and  interrelationships  as 
possible  but  depend  to  a  large  extent  on  output 
from  other  models  that  study  individual  variables 
in  greater  detail. 

Second,  hi^^y  aggregated  food  projections  with 
so  distant  a  time  horizon  are  not  forecasts  of  what 
will  happen  but  rather  educated  guesses  of  what 
couM  happen.  Assigning  probabilities  to  projec- 
tions is  consequently  diflfkult;  projection  studies 
themselves  are  desi^ied  to  test  alternatives  and  to 
kientify  potential  problems  and  evaluate  possible 
sohitkms. 

Third,  gk)bal  food  projections  in  particular  de- 
pend on  generally  limited  and  sometimes  conflkt- 
ing  data.  Any  global  food  analysis  must  balance 
the  wealth  of  information  available  for  most  of  the 


industrialized  countries  against  the  paucity  of 
information  available  for  the  less  developed  and 
centrally  planned  countries.  The  extent  to  which 
governments  intervene  to  influence  .the  quantities 
and  prices  of  food  produced  and  consumed  in 
much  of  the  worid  also  leaves  long-range  projec- 
tions subject  to  wholesale  revision  as  agricultural, 
food,  and  trade  policies  change. 

Hence,  the  food  projections  presented  in  this 
chapter  must  be  seen  as  broad  directional  indKa- 
tors  only. 

i  Model  and  Methodology 

The  projections  outlined  below  were  generated 
using  a  world  grain-oUseed-livcstock  (GOL)  model 
and  three  sm^er  sets  of  aggregate  food,  arable 
area,  and  fertilizer  relationships.       .  , 

GOL  is  a  formal  mathematical  model  made  up 
of  roughly  1,000  equations  describing  the  functkni- 
ing  and  interaction  of  'the  worid*s  grain,  oilseed, 
and  livestock  sectors.  More  precisely,  GOL  is  a 
conglomerate  of  some  28  regional  agricultural 
slector  models  made  up  of  grain,  oilseed,  and 
livestock  supply,  demaind,  and  trade  equations 
that  sum  to  a  worid  total.  The  parameters  for  the 
mathenuOical  relationships  underiying  the  models 
were  estimated  using  data  from  1950  through  1975 
or  were  drawn  from  the  literature  and  the  judg- 
ment of  experts. 

The  strength  of  the  GOL  mode!  ties  in  its 
emphasis  on  cross-regional  and  cross-conunodity 
quantity  and  price  linkages.  ,The  indivklual  grain, 
oilseed*  and  livestock  sectors  within  each  regk>nal 
iiiodel  are  lir.ked  on  the  supply  side  in  their 
coimpetition  for  resources,  and  on  the  denuuid 
si4e  as  intermediate  or  finished  products  in  the 
huhian  diet.  Production  and  consumption  across 
regions  are  balanced  at  the  worid  level.  Imports 
and  exports  siim  to  zero,  and  worid  and  regional 
tra^  prices  are  harmonized.  Each  of  the  regbnal 
mc^els  provkles  for  physical  factors  (such  as 
technical  inpuf-output  relationships)  and  economic 
factors  (such  as  supply,  demand,  and  trade 
prices).  Exogeneous  inputs  include  population  and 
income  growth  rates,  agricultural  and  trade  poUcy 
assumptions,  and  weather  assumptions. 
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GOL  materials  were  supplennented  with  three 
smaller,  informal  sets  of  relationships  dealing  with 
aggregate  food  production  and  consumption,  ara- 
Me  area,  and  fertilizer  use.  The  first  is  used  to 
translate  GOL  output  into  indicts  of  total  food 
production  and  consumption,  the  second  and  third 
sets  of  relationships  are  used  to  esluid&te  arable 
area  and  fertilizer  use.  Fertilizer  i^used  as  a 
proxy  for  a  larger  collection  of  inputs,  including 
imprjved  varieties,  pesticides!  and  irrigation.  Sec- 
ondary measures  of  land-man  ratios  and  use  of 
fertilizer  per  arable  hectare  arc  also  generated. 

Scenario  Definitions 

Three  alternative  sets  of  projections  were  gen- 
erated for  the  Global  2000  Study  using  different 
income,  population,  and  weather  assumptions  as 
well  as  different  assumptions  about  the  rate  of 
petroleum  price  increases. 

Alternative  I,  a  baseline  projection,  assumes 
median  world  population  and  per  capita  income 
growth  rates  averaging  roughly  1.8  percent  and 
1.5  percent,  respectively,  through  the  year  2000 
(Tables  6-1  and  6-2).  Growth  in  yields,  ultimately 
raised  or  lowered  by  the  producer  prices  gener- 
ated under  a  specific  alternative,  is  projected  at 
rates  compatible  with  the  technological  advances 
of  the  past  two  decades.  Weather  is  held  con- 
stant— i.e.,  the  impact  of  weather  on  yields 
through  2000  is  assumed  to  be  comparable  to  that 
of  the  past  25  years.  Agricultural  and  trade 
policies  are  assumed  to  continue  to  be  largely 
protectionist  in  the  m^or  importing  countries  and 
trade-expansionist  in  the  msyor  exporting  coun- 
tries. Ahemative  Ts  median  income,  population, 
and  weather  assumptions  are  run  in  combination 
first  with  constant  energy  prices — i.e.,  assuming 
petroleum  prices  do  not  increase  markedly  from 
the  real-price  highs  of  1974-76— and  second  as- 
suming marked  increases  more  than  double  the 
cost  of  energy  inputs  by  2000.  As  will  be  noted 
later,  the  resultant  quantity  and^price  ranges 
quoted  under  Alternative  I  reflect  not  so  much 
uncertainty  about  petroleum  price  increases  as 
uncertainty  about  the  ability  of  the  agricultural 
sector  to  adDust  to  changes  in  input  costs 

Alternative  II,  which  defines  an  optimistic  up- 
per bound, assumes  lower  population  growth  and 
higher  per  capita  income  growth  of  about  1.5 
percent  and  2.4  percent,  respectively.  Growth  in 
yiekls  is  projectr*  assuming  favorable  weather — 
I.e.,  assuming  weather  through  2000  to  be  more 
favorable  than  weather  over  the  lasi  25  years. 
Good  weather  is  assumed  to  raise  yields  about  the 
equivalent  of  one  standard  error  calculated  on 


1950-75  regional  yieW  series  (sec  Table  6-3  and 
Fig.  6-1).  Alternative  II  is  run  assuming  petroleum 
prices  remain  at  their  real  1974^76  level  through 
the  year  2000. 

Alternative  III,  which  defines  a  lower  bound, 
assumes  higher  population  growth  and  tower  per 
capita  income  growth  rates  of  about  2.1  percent 
and  0.7  percent,  respectively.  Growth  in  yields  is 
projected  assuming  poor  weather — i.e.,  assunting 
weather  through  2000  to  be  less  favorable  than 
over  the  last  25  years.  Y«elds  are  projected  the 
equivalent  of  one  standard  error  below  Alternative 
I  levels  (see  Table  6-3).  Alternative  III  is  nm 
assuming  that  real  petroleum  prices  more  than 
double  by  2000. 

No  provision  was  made  for  long-term  improve- 
ments or  deterioration  in  climate.  It  is  assumed 
that  the  world's  climate  continues  largely  as 
reported  over  the  past  several  decades,  or  that 
changes  ih  climate  will  be  small  enough  to  be 
compensated  for  by  changes  in  cultural  practices 
and  development  of  new  technology.  Assuming 
no  significant  climate  changes,  however,  does  not 
rule  out  years  of  good  weather  comparable  to  the 
late  1960$  in  the  Soviet  Union  or  bad  weather 
years  comparable  to  the  mid-1960s  in  India.  The 
variations  in  yiekis  between  Alternatives  II  and 
III  provkle  some  measure  of  the  good  weather- 
bad  weather  range  likely  without  a  m^jor  change 
in  climate. 

General  Results 

While  the  output  generated  under  Alternatives 
I,  II,  and  III  differ  w;ih  regard  to  specifks,  a 
number  of  conclusions  hold  for  all  three  scenarios. 
The  following  general  conclusions  pertain  to  Alter- 
native I  output. 

Record  Growth 

The  world  has  the  capacity,  both  physical  and 
economic,  to  produce  enouf^h  food  to  meet  sub- 
stantial increases  in  demand  through  2000,  The 
projections  are  compatible  in  this  regard  with  a 
number  of  other  studies  suggesting  a  worid  food 
potential  several  times  higher  than  current  produc- 
tion levels.  The  food  growth  rates  implied  in  this 
Study's  production  and  consummation  projections 
are  comparable  to  the  record  increases  reported 
for  the  1950s  and  the  1960s.  Growth  in  th?  grain 
component  of  total  food  production  and  consump- 
tion---for  which  longer  historical  series  are  avail- 
able—is also  projected  near  or  above  the  record 
rates  of  the  b***  two  decades  and  more  than 
double  the  rate  /  increase  for  the  first  half  of 
the  century  (Table  6-4).  Several  significant  quali* 
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f  cations  are  needed,  however,  to  put  this  gr-^wth 
into  proper  perspective.  Driving  near-record  growth 
in  demand  are  equally  impressive  growth  in  pop- 
ulation in  the  less  developed  (Countries  (LDCs)  ^ 
and  affluence  in  the  industrialized  countries.  The 
world's  food  sector  must  grow  at  near-record  rates 
simply  to  mamtain  the  benchmark  per  capita  con- 
sumption levels  reported  in  the  late  1960s  and  ' 

TABLE 


early  1970s  (Tables  6-5  and  6-6). 

Driving  near-record  rates  of  growth  on  the  sup- 
ply side  are  marked  increases  inMhe  resources 
committed  to  food  production — measured  roughly 
in  terms  of  land  under  cultivation — and  strong 
gains  in  productivity — based  primarily  on  wider 
adoption  of  technology  and  increased  use  of  re- 
source-augmenting inputs  such  as  fertilizers  and 
6-1 


Population  Growth  Rates,  Actual  and  Projected 

{Penent) 


)97{VI%0 


1985/1975 
Attematives 
I  II 


Inddstnalized  countnes 
United  States 

Other  developed  exporters" 

Western  Europe 

Jap9n 

Centrally  planned  countneN 
Eastern  Europe 
U  S  S.R 

People's  Republic  of  China 
Less  developed  countnes 
Latin  Amenca 
North  Africa/Middle  Eas: 
Other  African  LDCs 
South  Asia 
Southeast  Asia 
East  Asia 


World 


1  09 

1  26 

2  28 
80 

I  04 

1  54 

70 
1.25 

1  78 

2  56 
2  82 
2  74 
2  42 
2  56 
268 
2  23 

I  93 


57 
70 
2  05 
33 
88 

1  25 
.68 
93 

L42 

2  50 
2  91 
2  75 
2  61 
2  34 
2  50 
2  13 

I  79 


2000/1975 
Alternatives 
I  II 


52 
55 

1  80 
43 
59 

I  21 
.57 
68 

1  42 

2  37 
2.61 
2.75 
2  68 
2  13 
2  20 
I  99 

I  77 


34 

27 

I  bo 

31 
43 
94 
39 
46 

1  14 

2  04 

2  17 
2  44 

2  31 
1  88 
1.77 
I  58 

I  48 


'CACUKJa  AuMraJiii  Suulh  AfrKii 
Stmn     U  S  Burtiiu  of  the  Cemus 


TABLE  « 

Per  Capita  Income  Growth  Rates,  Actual  and  Projected 

{Pen  ent) 

19851975 


1960-1970 

I 

Alternatives 
II 

III 

Industrialized  countries 

3  29 

3  41 

440 

^  2  41 

United  States 

2  52 

3  28 

4  35 

2  12 

Other  mjyor  exporters ' 

I  87 

I  95 

2  85 

1  10 

Western  Europe 

3  52 

3  66 

4  59 

2  74 

'  Japan 

8  76 

3  10 

406 

2  17 

Centrally  planned  countries 

3  6S 

2  35 

3  22 

1  50 

Eastren  Europe 

^  88 

2  55 

2.85 

2  24 

U  S  S  R. 

5  i7 

2  30 

2  67 

1  93^ 

People's  Republic  of  Ch'na 

90 

2  30 

^  85  . 

86 

Less  developed  countnes 

3  13 

2  54 

3  52 

1  55 
1  51 

Latin  Amenca 

2  62 

2  64 

3  90 

North  Afnca/Middie  bast 

2  79 

3  95 

4  70 

3  35 

Other  Afncan  LDC> 

1  00 

2  95 

3  60 

2  35 

South  Asia 

73 

1  12 

i  ^\ 

20 

Southeast  Asia 

2  26 

2  50 

2  65 

2  34 

^ast  Asia 

2  01 

3  34 

4  37 

2  66 

World 

2  80 

7  26 

3  23 

1  29 

HTaaftda.  AutiraJta  South  Afhci 
Sourcf  Gk>b«J  2O0O  Study  tuff 


I 

2.57 
2  54 

1  40 

2  66 
:  49 

2  20 
,  2  16 
2  06 
2  30 

2  01 

1  84 

3  20 

2  15 
66 

2  20 
2  80 

I  53 


2000/1985 
Alternatives 
II 


3  35 
3  42 

2  25 

3  38 
3  26 

3  15 
2  60 

2  53 

3  81 

3  00 

2  84 

4  15 

3  00 

1  20 

2  58 

3  98 

2  42 


III 


71 
94 

I  94 

52 
68 
I  43 
76 
90 

1  63 

2  71 
2.94 

3  05 
254 
2  63 
2.58 
2  27 

2  05 


III 


I  77 
I  55 
55 
1  97 
1  81 

I  25 
I  73 
I  59 
85 

1  0.3 
97 

2  26 
I  '>8 

15 
I  77 
I  54 

66 
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TABLE 

Yield  Varfaitloiis  Due  to  AMimptioiit  Regarding  Weather  Condkiom 


Variation  from  Kilogram  per  Hectare 

Alternative  I  1965  Equivalent 
and  2000  Yield  1985  2000 


Percent 

 .  

Industrialized  countries 

United  States 

±  5.75 

250 

280 

Other  developed  exporters 

±14.50 

310 

400 

Western  Europe 

±  5.00 

190 

220 

Japan 

±  4.75 

190 

160 

Centrally  planned  countries 

Eastern  Europe 

±6  25 

220 

280 

U.S.S.R. 

±11  75 

240 

310 

Feof^'s  Republic  of  China 

±  5.50 

100 

130 

Leu  developed  countries 

Latin  America 

±  8.00 

130 

200 

Nofth  Africa/Middle  East  - 

±  9.00 

130 

200 

Other  developing  /Kf'^ica 

±  3.50 

50 

80 

South  Asia 

±  4.75 

60 

80 

Southeast  Asia 

±  6.50 

110 

160 

East  Asia 

±  600 

110 

160 

Weighted  total  above" 

±  7.20 

180 

220 

World  aggregated 

—  ^   

±  300 

70 

90 

Notf  YicW  vuiMioas  vc  cakuialrd  on  Ihe        of  one  Mandiird  error  of  (he  re|rc»ton  of  195(^.75  yichl  data  agwnsl  Umc 
*  frodHCtion  weigMed  aggrcfalc  of  r^iofial  vftnaUons 
"Vartetmi  c«ktilal«d  Ksmt  world  yield  Mrici 

i4mrrf  Ekommk%,  Sutnlk».  lOd  Cooftrativci  Service.  U  S  DepartmcM  of  Agncuttwe 


TABLE M 

Grain  Production  and  Consumption  Growth 
Rates,  Actual  and  Projected  (Alternative  I) 


(973-75/  1935/  '>000^ 
1951-55     1973-75  1985 


Percent 

Industnalized  countries 

Production 

2.5 

•  2.5—1.8 

1.8—1.7 

Consumption 

2.2 

2.4-2.0 

1.9—1.8 

Exporters 

Production 

26 

2.9~-2.5 

2.1—2.0 

Consumption 

2.1 

2.7—2.2 

2  2-2.1 

Importers 

Production 

2.3 

1.6—0.2 

1.1—1.1 

Consumption 

2.1 

2.1-1.7 

l.(H-l  5 

Centrally  planiied  countries 

Production 

28 

2.4 

1.6 

Consumption 

3.0 

2.2 

1.6 

Less  developed  countnes 

Production 

28 

3.3—3.7 

3.0-2.8 

Consumption 

3.1 

3.6—3  6 

2.8-2.6 

Exporters 

3.2-2.9 

Production 

32 

3.1-4.2 

Consumption 

3.5 

1  7—1  7 

2.4-2.3 

Importers 

3.0-2.8 

Production 

2.7 

3.3—3.6 

Consumption 

3.0 

3.8—3.7 

2.8-2.7 

World 

Production 

2.7 

2.7  -2.5 

2.1-2.0 

Consumption 

2.7 

2.7—2.5 

2.1-2.0 

pesticides.  The  rates  of  growth  in  production  and 
the  relative  importance  of  area  and  productivity 
gains  shown  in  Figure  6-2' s  graifs  data  are  repre- 
sentative of  the  changes  projected  for  the  food 
sector  as  a  whole.  Land-man  ratios  decline 
throughout  the  projection  period,  however,  and 
the  productivity  gains  needed  to  keep  up  growth 
in  production  come  at  increasing  real  cost,  paitic- 
ularly  if  sharp  increases  in  petroleum  prices  are 
incorporated  mto  the  analysis. 

Pwblems  of  distribution  across  and  within  re- 
fiions  also  detract  from  tke  hif^h  world  f^rowth 
rates  shown  in  Table  6-J.  Production  and  con- 
sumption increase  at  faster  rates  in  the  LPCs  than 
in  the  industrialized  countries.  LDC  growth,  how- 
ever, is  from  a  substantially  smaller  base.  Further- 
more, the  LDC  aggregate  and  many  of  the  re- 
gional totals  are  somewhat  misleading  because  the 
difference  between  individual  LDCs— i.e.,  an  Ar- 
gentina compared  with  an  India,  or  an  Egypt 
compared  with  a  Bangladesh— are  far  wider  than 
the  differences  between  the  industrialized  coun- 
tries total  and  the  LDC  total. 

Growth  in  food  production  and  consumption 
are  not  likely  to  balance  at  the  legional  or  country 
levels.  Signfficant  increases  in  trade^xported  by 
a  few  m^jor  sufplus  producers,  including  the 
United  States,  Canada,  Australia,  tmd  several 
emerging  exporters  such  as  Thailand  and  BrtLUl— 
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TABLE  i-5 

Grain  Mid  ToUl  FmnI  Productkm,  Consumptkm,  and  Trade,  Actual  and  Projected  (AHcmative  I) 


128 


Induttnalized  countries 
Productkm 
Consumption 
Trade    -  , 
United  States 
Production 
Consumption 
Trade 

Other  developed  exporters 

Production 

Cootumption 

Trade 
Western  Europe 

Production 

Consumption 

Trade 
Japan 

Production 

Cbttsimption 

Trade 

Centrally  pUuined  countries 
Production 
Consumption 
Trade 
Eastern  Europe 
Production 
Consumption 
Trade 
U.S^S.R. 
Production 
Consumption 
Tilde 

BM)ple*s  Republic  of  China 
ProductioD 
Consumption 
Trade 

Leu  developed  countries 
Production 
Consumption 
Trade 


Grains 

imilHon  metric  tons) 


Fopd 
(1969-71  *  100) 


196^7! 

1973-75 

1985 

2000 

1969-71 

1^5 

2000 

401.7 

434  7 

569.5-  525.9 

739.7-679.1 

100.0 

126.6-118.1 

157.0-143.7 

374.3 

374.6 

486.2-  465.3 

648.4-  610.8 

100.0 

121.0-M6.6 

155.8-147.7 

+32.1 

+  61.6 

+83.3-+60.6 

+91.3-+68.3 

208.7 

228.7 

304.0-  297.1 

416.0-  402.0 

100.0 

137.8-134.9 

184.3-178.5 

1  V7.U 

1  ^a  1 

2yU.O-  272.4 

inn  n 

1 19.6-1 14.0 

160.3-15L3 

+  39.9 

+  72.9 

+93.1-+97.3 

+  126.0-+ 129.6 

58.6 

61.2 

, 

93.0-  83.1 

121.9-  106.1 

100.0 

I39.UI26.7 

175.4-155.6 

33.2 

34.3 

47.1-  45,5 

68.1-  65.2 

ton  n 

171  l—tKA  fi 
1  f  J.>-HIO.o 

+28.4 

+  27.7 

+45.9-+37;6 

+  53.8-+40!9 

121.7 

132.9 

160.0-  133.0 

182.fr-  153.0 

100.0 

119.1-105.0 

133.5-114.6 

144.2 

151.7 

182  2-  175  5 

inn  n 

11  J. 1  —  111. J 

lie  <_i  1 1 

136.3-13 1 .0 

-21.8 

- 19.7 

-22,2—42.5 

-43.1-  -60.1 

12.7 

11.9 

r2.5-  U.7 

19.0-  18.0 

100.0 

102  0-103.6 

125.0-131,5 

27.9 

30.1 

46.0-  44.5 

64.4-  60. 1 

ion  fl 

Mn  7  \dA  1 

UU.  f— I^O. J 

-14.4 

~!9.3 

-33.5--31.8 

-45.4--42  1 

- 

401.0 

439.4 

567.0 

722.0 

100.0 

138.2 

174.0 

4  #*.4 

738.3 

100.0 

143.3 

179.9 

-3.2 

-24. 

-29.0 

-36.5 

72.1 

89.4 

110.0 

140.0 

100.0 

146.2 

183.2 

78.7 

97.7 

118.5 

151.5 

100,0 

144.4 

181.7 

-6.1 

-7.8 

-8.5 

-11.5 

165.0 

179.3 

230.0 

290.0 

100.0 

137.7 

172.7 

161.0 

200.7 

242.5 

305.0 

100.0 

148.5 

185.9 

+3.9 

-10.6 

-12.5 

-15.0 

163.9 

176.9 

227.0 

292.0 

100.0 

134.0 

169.0 

166.9 

180.8 

235.0 

302.0 

100.0 

136.0 

171.4 

-3.0 

-3.9 

-8.0 

-10.0 

S06.5 

328.7 

471.7-490.7 

735.0-  740.6 

100.0 

154,4-161.4 

244.5-447.7 

326.6 

355.0 

526.0-  522.3 

789.fr-  772.4 

100.0 

163.4-162.8 

247.8-242.8 

-18.5 

-29.5 

-54.3—31.6 

-54.fr--31.8 

TABLE  6-5 
(condmicd) 


Grain*  Food 
imiiiion  melric  tons)  (I96»>7i  =  100) 


196^71 

1973-75 

1985 

2000 

Ei^orttrt* 

2O9.2-225.0 

30.1 

34.5 

48.5>  54.4 

78.1-  84.0 

100.0 

132.5-142.9 

CoMimptiofi 

18.4 

21.5 

25.7-  25.5  ' 

36.7-  36.0 

100.0 

122.2-121.7 

160.^158.0 

Trade 

+  11.3 

+  13.1 

+22.^+28.9 

+41.4-+48.0 

156.0-158.4 

276.4 

294.2 

423.2-  436.3 

656.9-  656.6 

100.0 

247.0-549.3 

CoOMMBptiOfI 

308.2 

333.5 

500.3-  496.8 

753.1-  736.4 

100.0 

166.2-164.6 

254.0-248.9 

Tradi 

-29J 

-42.6 

-77.1--60.5 

-96.2—79.8 

Lalin  AflMricn 

63.8 

101  0-  1 11  9 

182.6-  185.9 

100.0 

158.7-174.8 

279.5-284.4 

ConnMnprinn 

61.2 

71.2 

99.5-  98.2 

168.^  166.0 

100.0 

162.7-160.7 

269J-265.3 

Tradt 

+  3.2 

+0.? 

+  1.5-+13.7 

+  I3.8-+'19.9 

Nonil  AfHca/Mkkllc  East 

Ftodyctioo 

38.9 

42.4 

56.2-  56.8 

92.2-  89.0 

100.0 

146.3-148.1 

232.5-257.8 

CoMttflifH^oii 

49.5 

54.1 

80.6-  79.6 

127.5-  123.7 

100.0 

167.4-165.1 

276.1^7.3 

Tradt 

~  9.1 

-13.8 

-24.4-- 22.8 

-35.3--?9.7 

Otlwr  AfHcftA  LDCs 

rrodkiction 

32.0 

31.3 

47.1-  50.0 

61.3-  63.7 

100.0 

150.7-160.2 

197.1-204.9 

CoBtunplion 

33.0 

33.8 

51  9-  51.5 

63.3-  63.0 

100.0 

161.2-16a0 

196.4-196.4 

Trade 

-t.o 

-2!4 

-4.8-  -1.5 

-2.0-  +0.7 

Soutli  AiU 

Production 

119.1 

127.7 

184.2-  186.0 

265.0L  239.0 

100.0 

154.0^155.5 

221.8-216.8 

CoQtumption 

123.3 

135.1 

199.7-  199.0 

284.3-  275.7 

100.0 

15*7-158.2 

226.2^19.4 

Trade 

-6.2 

-9.3 

-15.5—13.0 

-19.3—16.7 

Southeast  Athi 

Production 

22.8 

21.4 

38.3-  41.4 

62.0L.  65.0 

100.0 

179.1-194.3 

295.3-310.0 

Co«Miiiipt*on 

19.3 

17.9 

30.5-  30.5 

47.9-  47.0 

100.0 

168.0-168.0 

268.8^63.6 

Trade 

+  3.4 

+3.7 

+  7.8-+ 10.9 

+  14.U+I8.0 

Eut  Alia 

Production 

29.9 

34.0 

44.9-  44.6 

7I.9L  73.0 

100.0 

133.8-154.7 

251.4-255.3 

Comumpcion  ' 

38.3 

42.9 

63.»-  63.5 

98.0-  yy.o 

100.0 

173.1-172.3 

267.7->264.9 

Trade 

-8.8 

-9.7 

-18.9--I8.9 

-26.U-24.0 

Production 

1.107.2 

1.202.8 

608.2-1. 583.6 

2.196.7-5.141.7 

100.0 

141.5-140.5 

194.0-191.0 

Contunnption 

» 

M07.5 

1.202.0 

1.608.2-1.583.6 

2.196.7-5.141.7 

100.0 

141.5-140.5 

194.0-191.0 

Trade 

+  1.7 

-0.8 

•AnMeMMiTlM«Mi. 

*Airi>wt>  lilMilii  mmtk  iiiHn  dm •apwt  i>  mm  ttmm^  e.g.*  ifMll.  Iiiimiit.  m4  Ct^mkm- 

o  '  131 
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TABLE  6-« 

Fer  Capita  Grata  and  Total  Fbod  Prodictloii,  CoosumiHioii,  and  Trade,  Actual  and  Pkvjectcd  (AHernaihe  I) 


IndiislHaiiied  countries 
,  «nt!Niiiction 

pmunptkm 
^  Trade'  * 
UalM  States 
Prodoctioa 
'CoQsumptioii 

OtAier  developed  exporters 
'.Boductkm 
*  {ofttunptkm 
Mrtde. 

<*Weiten»  Ei^rope  ^ 
PhMtuctkm  .  ^ 
GoMumiMioii  ' 
T>»de.\;,  . 
Japan  ,  ^  ;  / 

Prodttctioi^,^^  . 
'  Consumption 
.  Trade 

Cemratly  ptanoed  eooi^nes  , 
ftoductkm 
'  Coniumption  H 

Tradr- 
Eaitere  Europe 
Ptoduoti «     \  '  ' 
Consumption 
.   Trade  - 

*  Prbd^Vion' 
Contumption 
-  .Tiade 

Beople*s  Republic  of  China 
Production^ 
Consumption 
Trade 

Usa  developed  countries 
Production 
Consumption 
Trade 


Grains 


1969L71 

IOTl_7^ 

2000  s 

1969-71 

1905 

2000 

573.6 
534.4 
+45.8 

392.6 
510.7 
+84.0  c 

718.9-  663.8 
^13.7-  587.3 
+  i05.U  +76.5 

838.5-  769.8 
735.0-  mX 
+  103.5-  +77.4 

100.0 
100.0 

112.9L.104.5 
toe  fl-tAA  Q 

128.8-118.4 

177  7  171  7 

1.018.6 
824.9 
+  194.7 

1.079.3 
748.0 
+  344.0 

1.131.2-1.301.0 
923.5-  874.9 
+  407.7-+426.1 

1.697.4.1.640.3 
1.183.3-1.111:5 
+514.U+528.8 

lOO.O 
100.0 

124.8-122.2 
108  i-103  4 

156.0-151.1 

1.015.6 
575.4 
+492.2 

917.0 
514.0 
+^15.0 

1.117.4-1.052.1 
596.3-  576.1 
+  -^3M-+476.0 

1.052.0-  915  6 
587.7-  562.6 
+464.3-+ 353.0 

100.0 
100.0 

103.3-  98.6 
98.6-  96.0 

98.6-  88.7 
97.5-  94.3 

364.9 
432.4 
-65.4 

388.4 
443.3 

-57.6 

441.5-  367.0 
^02.8-  484.3 
-61.3—117.3 

470.7-  394.C 
581.7-  548.8 
-111.0—154.8 

100.0 
100.0 

111.0-  95.2 
107.4-104.1 

117.1-101.0 
121.4-U5.5 

121.V 
267.5 
-138.1 

!08.5 
274.4 

-175.9 

102.1-  103.7 
375.7-  363.4 
-273.6— -^59.7 

142.9"  135.4 
484.4-  452.3 
-341.5—316.7 

100.0 
100.0 

83.4-  84.5 
130.4-126.6 

111.3-106.1 
164.2-154.2 

3S6.1 
361.0 
-4.6 

368.0 
395.6 
-20.1 

411.5 
432.5 

-21.0 

451.1 
473.9 
-22.8 

100.0 
100.0 

116.7 
122.4 

129.6 
111  a 

574.0 
626.6 
-48!6 

693.0 
717  A 
-60.5 

788.6 
-60.9 

921.9 
-75.8 

100.0 

f  AA  A 

132.7 
131.1 

153.3 
152.1 

697.6 
663.1 
+  16.1 

711.2 
796.1 
-42.0 

812.8^ 

856.9 

-44.1 

903.2 
949.9 
-46.7 

100.0 
100.0 

115.6 
127.9 

128.1 
141.4 

216.3 
220.: 
-4.0 

217.6 
222.4 
-4.8 

237.6 
246.0 
-8.4 

259.0 
267.8 
-8.8 

100.0 
100.0 

108.7 
110.3 

117.4 
119.1 

176.7 
188.3 

-10.7 

;68.7 
182.2 

-15.1 

182.0-  189.4 
203.O-  201.6 
-21.0-  -12.2 

195.6-  197.1 
2102-  205.5 
-14.6-  -8.4 

100.0 
100.0 

101.7-106.5 
107.7-106.7 

109.5-1 108 
I1I.O-108.6 

TABLE  <^ 


Grains 

ikilograms  per  capita) 


Food 
(|%9-7I  -  100) 


21KjO 

Exporters'* 

Production 

491.? 

521.9 

541.1-  606.9 

624.5-  T67k7 

100.0 

90.6-  97.7 

tm  ^1  to  i 

CofMumptioA 

300.1 

323.3 

286.7-  284.5 

293.5-  28^.8 

100.0 

83.6-  83.2 

78.9-  77.4 

Tr»de 

+  184.3 

+  198.2 

+254.4-+ 322.4 

+  331.1-+383.9 

Importers** 

Rrodyciion 

159.4 

173.8 

169.2-  174.4 

180.^  180  7 

100.0 

104  3*106  0 

110  A_l  10  8 

Comumpcion 

177.7 

193.6 

200.0-  196.6 

207.3-  202.7 

100.0 

n  1.2-1 10.1 

1  n  ^1  to  8 

i  1  J.J— 1  tv.o 

Trade 

-17.2 

-24.1 

-30.8-  -24.2 

-^5-  -21.9 

Latin  America 

Production 

236.1' 

241.0 

247.6-  247.4 

305  9-  341.4 

100.0 

108  2-t  18  Q 

111  5-111  7 

Consumption 

226.5 

738.3 

244.0-  240.8 

282.8-  278.1 

100.0 

110.9-109.6 

127.1-125.1 

Trade 

+  11.8 

+2.7 

+  3.7-  +33.6 

+  23.1-  +33.^3 

North  AfHca/Middle  East 

Production 

217.1 

214.6 

201  8-  203  9 

'•18  1-  222  5 

100.0 

Consumption 

276.2 

273.8  • 

289  4-  2115  8 

301  8-  292  8 

100.0 

101  8-100  1 

105  <L.in9  7 

Trade 

-50.8 

-87.6--81.9 

-83.6--70.3 

Other  African  LDCs 

100.0 

Production 

134.9 

118.3 

130.7-  13i.7 
144.0-  142.9 

109  0-  1 13  2 

Oft  t  1 

81  7  € 

Consumption 

139.1 

127.7 

1 12. S-  112.0 

100.0 

105  0-l(U  2 

ai  i_  an  0 

Ol..?—  OU.7 

Trade 

-4.2 

-9.1 

-13.3  4.2 

-3.6-  +1.2 

South  Asia 

» 

Production 

161.6 

162.4 

170.0-  171.7 

174.0-  170.0 

100.0 

104.6-105.6 

107.0-104.6 

Consumption 

170.0 

171.8 

184.3-  183.7 

186.7-  181.0 

100.0 

107.8-107.4 

109.2-105.8 

Trade 

-8.4 

-11  8 

-14.3—32.0 

-12.7—11.0 

Southeut  Asia 

Production 

244.7 

214.5 

273.6-  295.8 

301.9-316.5 

tnn  A 

lUU.U 

116.3-126.4 

129.2-135.9 

\«viMUiiipfii#n 

,  207.2 

+  3I.9l-^ 

100.0 

lua.y-iuii.y 

1 17.1-1 14.6 

Trade 

+  37.5 

+  55.7-+77.9 

+  68.7- +  87.5 

East  Asia 

100.0 

Production 

137.3 

'  136.0 

139.9-138.9 

161.1-  163.5 

104.CK104.9 

121.1-122.8 

Consumption 

176.2 

171.5 

198.8-  197.8 

219.5-217.3 

too.o 

116.2-115.6 

128.7-127.3 

Trade, 

-40.4 

-38.8 

-58.9—58.9 

-58.5—53.8 

World 

Production 

311.5 

313.6 

337.7-  332.6 

352.2-  343.2 

*  100.0 

I09.5.i08.5 

117.0-114.5 

r  onsumption 

311.0 

313.4 

337.7-  332.6 

352.0-  343.2 

i  100.0 

109  5-108.5 

117.0-114.5 

Trade 

+  0.5 

+0.2 

Nm*:  ^  tnii  flgHm.  *  mi^mt  txpon. 

import 

•AffMUMMiTlMiM 

•IfOrt  i«  tOMt  ICMl 

riot(a  t..amil.  torfoM 

tk.  MINI  Cotombk) 
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will  be  needed  to  balance  excess  dennand  in  food- 
deficit  Wfcstem  Europe,  Japan,  the  centrally 
planned  countries,  and  parts  of  developing  Africa 
and  Asia.  World  trade  varies  fh)m  alternative  to 
alternative  but  exceeds  record  1973-75  levels  by 
at  least  20  percent  by  1985  and  60  percent  by 
2000. 

Energy  Price  ImjMct . 

The  quantity  and  price  ranges  shown  in  Tables 
6-^  and  6-6  reflect  nrKxiel  outputs  on  the  impact 
energy  price  increases  could  have  on  the  agricul* 
tural  sector.  The  bottom  end  of  the  range  provides 
for  no  mariced  increase  in  the  price  of  energy  from 
real  1973-75  levels.  The  upper  end  provides  for 
nKxlerately  higher  real  prices  by  1985  and  substan- 
tially higher  real  prices  by  2000.  The  range 
reflects  not  so  much  uncertainty  about  petroleum 
price  increases  as  uncertainty  about  the  effect 
changing  petroleum  prices  have  on  agriculture 
and  the  ability  of  farmers  to  maintain  or  expand 
production  while  shifting  away  from  energy -inten- 
sive inputs.  A  variety  of  cultural  practices  and 
management  techniques  are  available  in  the  short 
and  medium  terms  to  minimize  the  effect  of 
energy  price  increases.  The  experience  of  the  past 
2^  years  suggests  that  food  and  overall  agricul- 
tural production  could  well  adjust  in  the  long  run 
to  substantially  higher  energy  prices,  depending 
on  the  timing  of  increases,  without  the  degree  of 
dislocation  implied  at  the  upper  end  of  the  range. 

The  model  results  suggest  that,  while  world 
production  and  consumption  levels  might  not  be 
changed  measurably  by  marked  but  gradual  in- 
creases in  energy  prices,  rn^or  shifts  within  and 
across  sectors  and  regions  would  be  likely.  The 
comparative  advantage  of  the  resource-endowed 
LDCs  such  as  Brazil  and  Thailand,  which  use 
relatively  few  high  energy-intensive  inputs,  would 
improve.  Higher  energy  prices*  however,  would 
likely  exacerbate  problems  of  comparative  disad- 
vantage in  food  4>roduction  common  to  many  of 
the  industrialized  and  higher-income  LDCs. 

Adjustments  in  the  food-exporting  countries 
would  likely  be  mixed.  In  countries  such  as  the 
United  States,  higher  energy  prices  could  be 
^  Wset  at  least  partially  by  increasing  the  land 
resoiurces  committed  to  food  production  and  by 
decreastnj^  on  the  use  of,  or  increasing  returns  to, 
energy-intensive  inputs.  The  comparative  advan- 
tage of  the  traditional  food-exporting  countries 
wouM  likely  deteriorate  relative  to  the  resource- 
endowed  LDCs  but  improve  relative  to  most  of 
the  industrialized  countries  and  several  of  the 
resource-tight  LDCs.  The  siies  of  these  changes 
in  comparative  advantage  are  projected  to  keep 
the  exporters*  sales  on  the  world  market  at  or 
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above  the  levels  projected  under   constart  petro- 
leum price  alternative. 

Even  a  rough  estimate  of  the  impact  of  higher 
energy  prices  on  agricultural  production  depends 
on  the  timing  of  price  increases,  long-run  rates  of 
technological  change,  and  short-run  input  flexibil- 
ity. The  real  energy  price  increases  projected  to 
2000  in  the  energy  projections  of  this  study 
(Chapter  10)  are  so  large  as  to  suggest  that  the 
severity  of  the  impact  in  the  long  run  depends  on 
the  rate  at  which  energy-conserving  technologies 
replace  existing  energy-intensive  technologies. 
Little  can  be  done  to  project  the  rate  or  the  - 
impact  of  such  long-run  technological  change.  In 
the  shorter  term,  however,  some  estimate  of  the 
impact  of  higher  energy  prices  can  be  made  on 
the  basis  of  data  on  energy  intensity  and  judg- 
ments as  to  how  much  flexibility  farmers  in  a 
particular  country  have  to  change  input  mixes. 

Figure  6-3  can  be  used  to  gauge  approximate 
energy  intensity  and  to  demonstrate  the  impor- 
tance of  energy  flexibility.  Both  cross-sectional 
data  for  the  30  largest  agricultural  producers,  and 
time  series  data  for  a  smaller  number  of  countries 
suggest  the  energy-intensity  curve  is  basically  S- 
shaped.  Given  the  position  of  countries  along 
the  curve,  there  £^pears  to  be  little  question  that 
past  increases  in  productivity  have  generally  de- 
pended on  marked  increases  in  energy  inputs.  The 
impact  of  any  energy  price  increase,  all  other 
things  being  equal,  depends  on  where  a  country  is 
on  this  energy-intensity  curve.  The  efficiency  of 
energy  use  measured  roughly  in  terms  of  energy 
input-product  output  ratios  might  well  strengthen 
or  weaken  the  impact  of  any  energy  price  change, 
but  the  general  ranking  of  the  countries  from  right 
to  left  would  not  be  likely  to  change  much.  The 
experience  of  the  past  3-4  years  of  higher  energ> 
prices  suggests  that  a  country's  ability  to  move 
back  down  the  curve  toward  lower  energy  inten- 
sity— i.e.,  to  adjust  production  techniques  without 
sacriflcing  the  high  productivity  associated  with 
advanced  technology — is  particularly  crucial. 

A  review  of  the  adjustments  U.S.  fanners  can 
and,  in  many  cases,  are  making  suggests  that  the 
range  of  options  available  even  within  a  basically 
energy-intensive  technology  is  quite  wide.  Data 
from  Department  of  Agriculture  and  Federal  En- 
ergy Administration  studies  estimate  that  the  en- 
ergy used  in  the  U.S.  agricultural  sector  in  1974 
was  equivalent  to  2,000  trillion  Btu  (British  ther- 
mal units)  or  roughly  5,300  Btu  per  hectare  of 
total  cropped  area.  As  Figures  6-4  and  6-5 
indicate,  the  largest  energy  expenditures  were 
reported  in  cultural  operations,  transportation, 
irrigation,  livestock  operations,  crop  drying,  and 
energy  investment  in  fertilizers  and  pesticides. 
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A  review  of  the  literature  on  energy-saving 
techniques  tugtests  thai  considerable  reductions 
in  energy  use  ait  possible  in  all  of  these  areas. 
The  energy  savings  possible  fix)m  modifying  cul- 
tural practices,  which  currently  account  for  20 
percent  of  energy  use,  to  provide  for  reduced  or 
minimum  tillage  are  quite  large.  Net  energy  sav- 
ings range  up  to  50  percent.  Moreover,  reduced 
tillage  in  1975  amounted  to  only  35.8  million  acres, 
while  conventional  tillage  amounted  to  218.2  mil- 
lion acres. 

Another  potential  area  of  large  savings  is  in 
fertilizer  use,  which  currently  accounts  for  over 
one4hird  of  total  energy  expenditures.  Significant 
energy  savings  are  possible  through  proper  selec; 
tion  anu  use  of  fertilizers.  The  proper  timing  and 
method  of  application  also  contribute  to  fertilizer 
efficiency.  Moreover,  considerable  savings  appear 
possible  by  changing  mixes  of  fertilizers  to  empha- 
size organic  and  green  fertilizers  as  well  as 
inorganic  chemical  fertilizers. 

Irrigation  engineers  also  suggest  that  it  is  tech- 
nologically impossible  to  reduce  the  10  percent  of 
total  energy  use  accounted  for  by  irrigation  by  as 
much  as  one  half.  Reductions  in  energy  consump^ 
tion  of  as  much  as  10-20  percent  appear  to  be 
possible  through  minimal  efTorts  to  increase  irri- 
gation pumping  plant  efficiency,  to  ui^rade  water 
usage  and  water  scheduling,  and  to  adopt  runoff 
control  procedures. 

Drying  grain  for  storage — which  accounts  tt>r  5- 
10  percent  of  energy  use— is  another  area  of 
potential  saving.  There  appear  to  be  several  ways 
to  reduce  grain-drying  fuel  requirements,  including 
more  in-the-field  drying,  better  management  of  the 
existing  system,  and  the  use  of  new  technical 
developments  such  as  solar  heat.  There  are  also 
significant  potential  savings  in  the  transportation 
sectpr  through  more  efficient  use  of  equipment. 

Keeping  these  short-term  options  for  minimiz- 
ing energy  inputs  in  mind,  the  projection  alterna- 
tives can  be  seen  in  a  number  of  different  con> 
texts.  Thos»e  Alternative  I  runs  assuming  constant 
petroleum  prices  would  be  valid  either^^ven  no 
increase  in  petroleum  prices  or  given  increases  at 
a  fairl^f  even  pace — possibly  5-10  percent  per 
year— i>rovided  the  agricultunU  sector  maximizes 
short-term  energy  savings  and  ultimately  substi- 
tutes energy-conserving  technologies.  A  number 
of  the  model's  coefiHcients  have  been  adjusted  to 
reflect  estimates  of  both  short-term  flexibility  in 
energy  use  and  the  long-term  development  of 
energ^*conserving  technologies  as  discussed  in 
Ottpter  18.  The  Alternative  I  projections  based 
on  an  increasing  petroleum  price  would  be  valid 
should  agriculture  not  adjust  to  gradual  energy 
price  increases  or  should  the  increases  be  sudden 


or  much  sharper  than  a  graduated  5- 10  percent  per 
year.  The  present  capabilities  dL  the  GOL  model 
do  not  permit  more  precise  measurement  of  the 
impact  of  gradually  changing  petroleum  prices  or 
reliable  projections  of  the  impact  of  more  extreme 
ertergy  price  changes. 

Continuing  Trends 

The  projections  also  suggest  that  the  m^or 
trends  of  the  past  two  decades — (1)  the  increasing 
dependence  of  LDCs  on  food  imports;  (2)  the 
growing  importance  of  variability  in  supply;  and 
(3)  the  increasing  importance  of  the  trade  and 
agricultural  policy  decisions  of  a  few  msyor  ex- 
porting and  importing  countries— are  likely  to 
continue  on  to  2000.  Shifts  in  demand  toward 
livestock  products  as  incomes  increase,  however, 
are  also  likely  to  play  an  increasingly  important 
role  in  detemiining  the  quantities  and  prices  of 
commodities  moving  on  the  international  market. 

The  grain  trade  projections  shown  in  Table  6-5 
suggest  that  the  LDCs,  txcluding  food-surplus 
exporters,^  face  sharp  increases  in  the  absolute 
volume  of  food  imports  as  well  as  possible  in- 
creases in  the  proportion  of  food  imported. 
The  increased  food  imports  of  many  of  the  de- 
veloping countries,  however,  are  not  without 
positive  implk:ations.  The  grain  g£4>-^the  differ- 
ence between  grain  production  and  consump- 
tk)n — is  generally  seen  as  an  indication  of  the  less 
developed  countries'  inability  to  feed  themselves. 
Increases  in  imports,  however,  also  measure  the 
LDCs  ability  to  supplement  limited  domestic  out- 
put with  foreign  production.  A  closer  look  at 
which  LDCs  import  more  through  2000  suggests 
that  the  largest  increases  are  concentrated  in  the 
relatively  affluent  upper  one-third  of  the  develop- 
ing worid.  The  calorie  gap— the  difference  be- 
tween recommended  caloric  consumption  mini- 
mums  and  food  energy  supplies — suggests  a  much 
larger,  more  persistent  problem  concenUBtod  in 
the  lowest-income  countries  but  affecting  groups 
within  higher-income  counUies  as  well.  The  aver- 
age LDC  per  capita  calorie  gap  narrows  margin- 
ally through  2000  but,  with  the  number  of  people 
increasing  at  near-record  rates,  the  absolute  site 
of  the  gap  and  the  number  of  people  eating  below 
the  reconunended  minimum  is  projected  to  in- 
crease under  all  but  optimistic  Alternative  II. 

V/hile  the  direction,  frequency,  and  size  of 
fluctuations  in  supply  will  continue  to  depend 
largely  on  weather,  the  importance  of  variability 
in  supply  is  likely  to  increase  markedly  as  world 
productive  capacity  is  used  at  significantly  higher 


'Primarily  Argentina  and  Thailand*  bul  in  some  scenarios 
olher  LDCs  as  well,  e  g  ,  Brazil,  Colombia,  and  Indonesia. 
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levels.  The  experience  of  a  number  of  countries 
suggests  that  expansion  of  cultivation  into  mar- 
ginal areas  increases  susceptibility  to  weather 
fluctuations.  The  resource  balances  reviewed  be- 
low indicate  that  a  larger  proportion  of  the  world's 
food  supplies  will  have  to  be  grown  on  increas- 
ingly marginal  areas  dependent  on  favorable 
(rather  than  normal)  rainfall  and  temperature. 

Reserves  are  likely  to  increase  in  importance  as 
a  means  of  ensuring  that  production  windfalls  and 
temporarily  low  producer  prices  do  not  generate 
production  cutbacks  in  the  food-exporpng  coun- 
tries. Reser  es  ^re  also  likely  to  increase  in 
importance  as  a  means  of  reducing  price  fluctua- 
tions and  the  maiket-rationing  effect  of  short-term 
drops  in  production  in  a  world  of  rising  real 
prices. 

All  three  alternatives  also  suggest  that  the 
agriculiural  and  trade  policies  of  a  small  number 
of  importers  and  exporters  will  play  an  increa  s- 
ingly dominant  role  in  determining  the  quantities 
and  prices  hf  food  traded  on  the  world  market. 
The  increased  importance  of  policy  decisions  in 
the  exporting  countries  would  result  from  their 
control  of  scarce  excess  productive  capacity.  The 
experience  of  the  last  five  years  ^uggests  that 
without  mzjkcd  changes  in  international  trading 
conventions,  the  role  of  major  but  sporadic  im- 
porters such  as  the  Soviet  Union  is  also  likely  to 
increase.  Pit)tectionist  agricultural  and  trade  poli- 
cies currently  allow  large  .countries  or  blocs  rela- 
tively close  to  self-sufficiency  to  avoid  the  costs 
of  adjusting  to  world  production  shortfalls.  The 
cuitent  structure  of  the  world  market  also  allows 
them  to  pass  on  part,  if  not  all,  of  the  cost  of 
disruptions  in  their  domestic  agricultural  econo- 
mies for  absorbtion  by  the  world  market.  The 
impact  of  changes  in  world  supply  and  demand 
are  consequently  Iflcely  to  be  absorbed  more  and 
more  by  countries  exporting  a  large  proportion  of 
production  and  countries  importing  a  large  propor- . 
tion  of  consumption  on  a  regular  basis. 

All  three  alternatives  also  suggest  that,  in  addi> 
tion  to  population  and  income  growth,  shifts  in 
consumption  patterns  are  likely  to  play  a  major 
role  in  shaping  demand,  particularly  beyond  1985. 
Growth  in  demand  and  shifts  in  taste  awa\  from 
calorie -efficient  diets  based  on  cereals  and 
starches  toward  less  calorie-efficient,  livestock- 
oriented  diets  will  determine  to  a  large  extent  the 
demand  price,  of  grains »  oilseeds,  other  high- 
protein  feeds,  and  possibly  food  prices  in  general. 

Changes  in  the  proportion  of  concentrate-fed 
products  in  the  livestocK  total  will  be  critical  in 
determining  the  impact  of  this  shift  toward  live- 
stock diets  and  the  grain  and  oilseed  balance. 
Biological  limitations  on  the  expansion  of  the 
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ruminant  herd  suggest  that  a  larger  proportion  of 
meat  supplies  will  have  to  come  from  poik  and 
poultry  products  heavily  dependent  on  grain  and 
oilseed  feeds.  Moreover,  the  world's  fish  catch  is 
an  essentially  concentrate-free  source  of  animal 
protein,  and,  should  the  world's  fish  Catch  not 
increase  at  the  1.5-2.0  percent  rate  assumed  in 
the  model  runs,  demand  for  feed  to  produce  a 
comparable  amount  of  animal  protein  from  pigs 
and  chickens  could  increase  grain  and  oilseed  de- 
mand by  another  1  percent.  The  impact  on  prices 
and  diets  worldwide  would  be  relatively  small, 
since  less  than  6  percent  of  the  world's  protein 
and  1  percent  of  the  world's  calories  are  derived 
from  fish  and  seafood  products.  However,  in  se- 
lected countries — such  as  Japan,  where  fish  ac- 
counts for  25  percent  of  protein  supplies  and  8 
percent  of  calories — the  impact  would  be  very  sig- 
nificant. 

World  grain  and  overall  food  balances  could 
tighten  further  if  the  lower-income  industrialized 
countries,  centrally  planned  countries,  and  the 
higher-income  less  developed  countries  were  to 
markedly  increase  their  consumption  of  livestock 
products  and  adopt  the  grain-intensive  feeding 
techniques  of  the  U.S.  World  food  prices  could 
also  be  pushed  up  substanciaiiy  price-inelastic 
food  demand  in  the  poorest  LDCs  competes 
against  more  elastic  feed  demand  in  the  affluent 
countries. 

Differing  Perspectives 

All  three  alternatives  also  suggest  that  the  food 
and  environmental  concerns  of  the  industrialized 
and  less  developed  countries  are  likely  to  differ 
widely.  The  prime  concern  in  the  industrialized 
countries  is  likely  to  be  adjustment.  The  m^jor 
exporters  will  continue  to  face  tlie  problem  of 
adjusting  their  production  to  higher  but  widely 
fluctuating  foreign  demand.  The  food-deficit 
higher-income  countries  will  continue  to  face  the 
problem  of  worsening  comparative  disadvantage 
and  increasingly  -expensive  protectionist  agricul- 
tural and  trade  policies.  The  effect  of  changing 
production  levels  on  the  environment  and  the 
impact  of  environmental  constraints  on  production 
costs,  however,  will  be  "a  concern  common  to  all 
the  industrialized  countries. 

In  contrast,  the  LDC$  are  likely  to  face  the 
more  pressing  problem  of  expanding  production — 
often  regardless  of  environmental  costs — to  meet 
rapidly  expanding  food  needs.  Several  of  the 
higher-income  countries,  such  as  Korea  and  Tai- 
wan, and  several  of  the  resource-constrained 
countries  of  North  Africa  and  the  Middle  East  will 
face  the  same  comparative  disadvaptage  problems 
as  many  of  the  food-deficit  industrialized  coun- 
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tries,  but  the  bulk  of  the  L£>Cs  will  be  concerned 
with  environmental  quality  only  after  basic  human 
needs  are  met.  \ 


Alternatives  I-III:  Results  and 
Conclusions 

The  projections  presented  in  Tables  6-7  and 
6^  point  up  a  number  of  alternative-specific 
conclusions  regarding  (1)  the  impacts  of  popula- 
tion, income,  yield,  and  petroleum  price  variations 
in  particular  regions  and  over  time,  (2)  the  range 
of  possible  LDC  food  consumption  improvements 
through  2000,  (3)  the  variability  of  work!  trade  and 
the  role  of  the  U.S.  as  residual  supplier,  and  (4) 
the  range  of  likely  wortd  market  price  increases. 

Before  reviewing  specific  conclusions,  however, 
comments  on  the  range  spanned  by  the  alterna- 
tives and  on  short-term  versus  long-term  adjust- 
ments are  called  for. 

The  range  covered  by  the  population  and  m- 
come  growth  fates  for  Alternatives  11  and  III  is 
narrow  (see  Tables  6-1  and  6-2).  The  range  of 
yiekl  variations  is  also  narrow  (see  Table  6-3). 
(jiven  the  amount  ot  imcertainty  about  rates  of 
growth  in  these  variables,  the  ranges  tested  here 
wouM  appear  to  be  too  narrow.  Moreover,  com- 
parisons in  terms  of  absolute  production  and 
consumption  levels  suggest  rather  minimal  differ- 
ences between  alternatives.  However,  the  combi- 
nation of  all  the  favorable  assumptions  in  Alter- 
native n  and  all  the  unfavorable  assumptions  in 
Alternative  III  suggests  it  is  highly  probable  that 
the  outcome  for  the  work!  and  for  m^or  regkms 
wouM  fall  within  th^  range  bounded  by  these  two 
ahematives— partkularly  if  analyzed  in  terms  of 
per  capita  (rather  than  absolute)  productk>n  aixl 
consumption  levels. 

With  regard  to  short-term  versus  long-term 
adjustments,  the  static  nature  of  the  GOL  model 
and  the  long-range  specification  of  its  elasticities 
limit  the  model  to  measuring  net  long-term  adjust- 
ments. The  model  can  say  little  about  the  year  to 
year  adjustments  within  the  agricultural  sector 
needed  to  reach  the  solutions  calculated  for  1985 
or  2000.  Consequently,  the  fluctuations  in  endog- 
enous variables  generated  by  the  changes  in  the 
exogenous  variables  noted  above  couki  well  be 
substantially  wkler  if  gauged  over  a  shorter  3-  to 
S-year  rather  than  a  10-  to  20-year  period. 

Resntts 

A  comparison  of  the  results  of  the  alternatives 
tested  suggests  that  the  impact  of  changes  in 


porulation*  income,  yields  and  petroleum  price 
variables  differs  widely  by  regions  and  over  time. 
In  the  food^importing  countries  of  Western  Eu- 
rope and  in  Japan,  with  relatively  stable  yiekls 
and  low  population  growth  rates,  the  crucial 
demand  variables  both  in  1985  and  2000  are  likely 
to  be  income  growth  rates  and  shifts  in  taste.  The 
cpjcial  determinants  ot  supply  are  likely  to  be 
petroleum  prices  and  domestic  agricultural  and 
trade  policy  decisions.  Among  the  traditional 
exporters,  foreign  demand,  weather-related  fluc- 
tuations in  yields,  and,  to  a  lesser  extent,  petro- 
leum price  increases  will  be  the  most  relevant 
considerations.  Among  the  centrally  planned 
countries,  yield  variations  are  likely  to  continue  to 
be  the  most  relevant  factors.  Among  the  less 
developed  importing  countries,  population  growth 
is  by  far  the  dominant  demand  factor,  with 
variability  in  yiekis  dominating  on  the  supply  side. 

The  importance  of  each  of  these  exogenous 
variables  changes  over  time.  Petroleum  prices 
become  more  important  as  increasfngly  ti^t  re- 
source sun>lies  narrow  the  alternatives  to  energy- 
intensive  food  production  techniques.  Variations 
in  yields  are  also  likely  to  become  nK>re  important 
as  agricultural  ptxluction  expands  into  increas- 
ingly mai^nal  areas  more  susceptible  to  weather 
fluctuations.  Income  growth  becomes  increasingly 
important  in  LDCs  as  low  but  sustained  growth 
over  the  rest  of  the  century  pushes  per  capita 
levels  in  the  middle-income  countries  high  enough 
to  generate  shifts  in  taste  toward  grain-fed  live- 
stock products.  ' 

With  regard  to  improvements  in  per  capita 
LOC  food  consumption,  even  Alternative  IFs 
combination  of  optimistic  supply  and  demand 
assumptions  suggests  gains  are  likely  to  be  small 
and  poorly  distributed.  Annual  gains  in  per  capita 
consumpdon  for  the  LDCs  as  a  group  average 
less  than  0.5  percent  but  range  as  high  as  1 
percent  and  as  tow  as  declining  per  capita  con- 
sumption. Given  Alternative  m's  pessimistk  as- 
sumptions, LDC  per  capita  levels  do  not  grow. 
While  increase  in  the  high^ginowth  regk)ns  slows 
somewhat,  per  capita  consumption  levels  fall 
b3k>w  substandard  benchmark  1969-71  levels  in 
low-growth  South  Asia  and  Central  Afirk:a. 

The  food  problem  in  maay  of  the  LE>Cs  with 
the  slowest  growth  in  consumption  appears  to  be 
as  much  a  problem  of  effective  market  demand  as 
a  problem  of  expanding  production.  The  effect  of 
production  constraints-— be  they  limited  agricul- 
tural resources,  inadequate  agricultural  infrastruc- 
ture, outdated  technology,  institutional  con- 
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Induitrudized  countries 
Production 
ConsumiHion 
TrMie 
United  States 
Production 
Consumption 
Trade 

Other  developed  exporters 

Production 

Consumption 

Trade 
Western  Europe 

Production 

Consumption 

Trade 
Japan 

Production 

Consumptior 

Trade 

Centrally  planned  countnes 

Production 

Consumption 

Trade 
Eastern  Europe 

Production 

Consumption 

Trade 
U.S.$.R. 

Production 

Consumption 

Trade 

People's  Republic  of  China 
Production 
Consumption 
Trade 

Leu  developed  countries 
PftNluction 
Consumption 
Trade 


TABLE  6-7 

Grain  and  Total  fbod  ProdocdiNi,  Consumplion,  and  Trade  (AHematives  I,  D,  III) 

 I9W  y  2000 


Grain 

imiifion  metric  tons) 


Food 
(1969L-71  =  100) 


Grain 

(million  metric  tons) 


Food 
U%9t-71  =  100) 


I 

II 

III 

I 

II 

III 

I 

II 

III 

I 

II 

III 

569.5-  525.9 
486.2-  465.3 
+83.5-+60.6 

568.1 
515.7 
+  52.4 

536.2 
455.9 
f80.3 

126.6-118.1 
121.0-116.6 

127.3 
127.1 

118.2 
114.6 

739.7-  679.1 
648.4^610.8 
+91.3-+68.3 

730.0 
687.6 
+42.4 

683.3 
590.2 
+93.1 

157.0-143.7 
155.8-147.7 

157.1 
165.7 

143.5 
143.6 

304.0-  297.1 
210.9^-  !99.8 
-^93.1-+97.3 

297.5 
229.5 
+68.0 

309.7 
194.4 

+  115.3 

,137.8-134.9 
119.6-114.0 

135.1 
129.2 

140.2 
111.2 

4l6.0-  402.0 
290.2-  272.4 
+  126.0-+ 129.6 

409.8 

325.0 
+84L8 

414.0 
256.8 
+  157.2 

184.3-178.5 
160.3-151.3 

18V.8 
178.3 

18J.5 
143.2 

93.0-  83.1 

47.1-  45.5 
+45.9t-+37,6 

91.5 
49.9 
+41.6 

78.7 
44.2 
+34.5 

139.1-126.7 
126.8-123.2 

I3/.3 
133.0 

121.2 
120.3 

121.9^  106.1 
68.1-  65.2 
+53.8-  +40.9 

126^0 
75.9 
+  50.1 

107.3 
65  9 
+41.4 

175.4-155.6 
173.3-166.8 

180.6 
190.6 

157.1 
168.4 

160.0-  133.0 
182.2-  175.5 
-22.2—42.5 

166.0 
188.8 

-2!.« 

1^5.5 
173.3 
-37.8 

119.1-105.0 
115.1-111.5 

122.9 
118.6 

103.5 
110.4 

182.S-  153.0 
225.9^  213.1 
-43.1-  -60.1 

184.3 

229:9 
-45.6 

143.0 
206.5 
-65.5 

133.5-114.6 
138.5-131.6 

134.4 
140.6 

108.3 
129.2 

12.5-  12.7 
46.0-  44.5 

•  -33.5--3I.8 

13.1 
47.5 
-34.4 

12.3 
44^.0 

-31\7 

102.0-103.6 
150.7-146.3 

104.2 
155.2 

96.0 
144.8 

19.0-  re.o 

64.4-  60.1 
-45.4-  -42.1 

19.5 
66.4 

-46.9 

19.0 
59.0 
-40.0 

125.0-131.5 
205.6-192.8 

139.3 
211.5 

138.0 
189.5 

567.0 
596.0 
-29  0 

589.5 
597.5 
-8.0 

534.d 
578.5 
-44.5  j 

138.2 
143.3 

143.7 
143.8 

130.1 
139.1 

722.0 
758  5 
-36.5 

746.0 
755.0 
-9.0 

691  0 
730.0 
-39.0 

174.0 
179.9 

179.5 
179.2 

166.1 
173.2 

110.0 
ti8.5 
-8.5 

114.5 
119.5 

-5.0 

104.0 
116.5 
-12.5 

146.2 
144.4 

151.7 
145  6 

138.8 
142.2 

140.0 
151.5 
-11.5 

145.0 
151.0 
-6.0 

136.0 
148.0 

-12.0 

183  2 
181.7 

189.4 
181.2 

178.3 
177.8 

230.0 
242.5 

-12.5 

245.0 
244.5 

+  .5 

210.0 
232.0 
-22.0 

137.7 
148.5 

146.4 

149.7 

i26:o 

142.2 

290.0 
305.0 
-15.0 

305.0 
•^fH  0 
^  >  0 

270.0 
289.0 
-19.0 

172.7 
185-9 

181.5 
185.3 

161.0 
176.3 

227.0 
235.0 
-8.0 

230.0 
233.5 
-3.5 

220.0 
230.0 
-10.0 

134.0 

136.0 

135.6 
135.i 

130.2 
133.4 

292.0 
302.0 
-10.0 

2%.0 
300.0 
-4.0 

285.0 
293.0 
-8.0 

169.0 
171  4 

171.1 
1704 

165.2 
166.7 

471.7-  490.7 
526.0-  522.3 
-54.3— 31.6 

485.3 
529.7 
-44.4 

470.5 
506.3 
*~35.S 

154.4-161.4 
163.4-162.8 

158.9 
165.1 

152.9 
157.1 

735.0-  740.6 
789.8-  772.4 
--54.8-  -31.8 

757.0 
790.4 
-33.4 

745.3 
799.4 

-54.1 

244.5-247.7 
247.ft-242.8 

268.2 
261.2 

246.4 
249.0 

146 


147 


148 


TABLE  6-7(cMlt.) 

Grain  and  Total  Food  Production,  Conramption,  and  Trade  (Alternatives  I,  II,  ni) 

1985  2000 


Grain 
imillion  metric  tons) 


Food 

{m%i\  =  100) 


Grain 
(million  metric  tons) 


I 

III 

1 

If 
11 

III 
111 

1 
1 

« 

II 

Exporters" 

Production 

54.4 

48.7 

52.2 

132.5-142.9 

133.0 

139.7 

78.1- 

84.0 

81.0 

Consumption 

23.7- 

25.5 

26.1 

25.6 

122.2-121.7 

124.1 

122.0 

36.7- 

36.0 

37.7 

Trade 

+22.8-+28.9 

+22.6 

+26.6 

+41.4- 

+48.0 

+43.3 

Importers'* 

423.2- 

Production 

436.3 

436.6 

418.3 

156.0-158.4 

159.9 

155.6 

656.9- 

636.6 

676.5 

Consumption 

500.3- 

496.8 

503.6 

480.7 

166.2-164.6 

166.3 

160.9 

753.U 

736.4 

752.2 

Trade 

-77.1- 

-60.5 

-67.0 

-62.4 

-96.2- 

-79.8 

-75.7 

Latin  America 

Production 

101.0- 

111.9 

104.3 

107.6 

158.7-174.8 

163.6 

168.4 

182.6- 

185.9 

195.4 

Consumption 

99.5- 

98.2 

103.7 

97.2 

>62.7-160.7 

169.2 

159.2 

168.8- 

166.0 

172.5 

Trade 

+  1.5-+I3.7 

+  .6 

+  10.4 

+  13.8- 

+  19.9 

+22.9 

North  Africa/Middle  East 

Production 

56.2- 

56.8 

57.3 

53.0 

146.3-148.1 

149.6 

136.9 

92.2- 

89.0 

94.5 

Consumption 

80.6- 

79.6 

80.9 

79.9 

167.4-165.1 

168.1 

165.8 

127.5- 

123.7 

125.5 

Trade 

"•24.4-- 

-22.8 

-23.6 

-26.9 

-35.3^ 

-29.7 

-31.0 

Other  African  LDCs 

Production 

47.1- 

50.0 

48.6 

45.5 

150.7-160.2 

155.6 

145.5 

61.3- 

63.7 

63.1 

Consumption 

51.9- 

51.5 

51.5 

48.5 

161.2-160.0 

160.0 

150.5 

63.3- 

63.0 

60.7 

Trade 

-4.8- 

-1.5 

-2.9 

-3.0 

— 2.t>- 

+  .7 

+2.4 

South  Asia 

Production 

1M.2- 

186.0 

190.0 

178.6 

154.0-155.5 

158.9 

149.3 

265.0- 

259.0 

269.0 

Consumption 

199.7- 

199.0 

200.0 

186.3 

158.7-158.2 

159.0 

148.0 

284.3- 

275.7 

290.7 

Trade 

-15.5-- 

-13.0 

-10.0 

-7.7 

-19.3- 

-16.7 

-21.7 

Southeast  Asia 

38.3- 

Production 

41.4 

38.6 

39.6 

179. 1-1  W.3 

180.6 

185.5 

62.0- 

65.0 

62.6 

Consumption 

30.5- 

30.5 

♦  29.9 

30,7 

168.0-168.0 

164.5 

169.1 

47.9- 

47.0 

46.0 

Trade 

+7.8-+ 10.9 

+8.7 

+8.9 

-*-14.1- 

+  18.0 

+  16.6 

East  Asia 

Production 

44.9- 

44.6 

46.5 

43.2 

153.8-154.7 

161.4 

149.7 

71.9- 

73.0 

72.4 

Consumption 

63.8- 

63.5 

63.7 

61.3 

173.1-172.3 

i7.  9 

166.2 

98.0- 

97.0 

95.0 

Trade 

-18.9— 

18.9 

-17.2- 

-18.1 

-26.1- 

-24  0 

-22.6 

Vorld 

Production 

1,608.2-1 

,583.6 

1,642.9 

1.540.7 

141.5-140.5 

144.5 

137.C 

2.196.7-2 

141.7 

2,233.0 

Consuhiption 

1,608.2-1 

,583.6 

1,642.9 

1.540.7 

141.5-140.5 

144.3 

137.0 

2,196.7-2 

,141.7 

2,233.0 

Food 
(196^71  =  100) 


III 


Trade 


79.3 
39.3 
+40.0 

666.0 
760.1 
-94.1 

188.4 
160.6 
+27.8 

88.1 
132.3 
-44.4 

61.5 
62.0 

-.5 

271.0 
293.9 
-22.9 

64.1 
49.9 
+  14.2 

72.2 
100.5 
-28.3 


2.119.6 


209.2-225.0 
160.8-158.0 


247.0-249.3 
254.0-248.9 


279.5-284.4 
269.7-265.3 


232.5-257.8 
276.1-267.3 


197.1-204.9 
196.4-196.4 


221.8-216.8 
226.2-219.4 


295.3-310.0 
268.8-263.6 


251.4-255.3 
267.7-264.9 


194.0.191.0 
194.0.191.0 


216.9 
165.2 


271.9 
268.1 


296.4 
:75.4 


259.3 
271.4 


203.0 
189.1 


223.2 
231.3 


298.3 
257.8 


III 


212.4 

172.2 


248.8 
234.5 


288.1 
557.0 


240.4 

287.7 


197.8 
193.2 


226.9 
233.9 


305.6 
280.4 


253.1  252. 
25M  274.6 


198.0 
198.0 


191.5 
191.5 
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TAKLBi^ 


Industrialiied  coun 
Production 
CoittuoipCioa 

UmtMl  States 
Production 
Coi»um|ition 
Trade 

Other. developed  exporters 
Production 
Consumption 
Trade 


I  Total  Wood  PkodhKtiDSt 


I  Trade  (Aktm^O^  I,  il,  HI) 

2000 


Grain 

(kilograms^ 


Grain 


Food 


lU 


7I8.9U 
613.7- 
+  105.1-  +76 


2  669.7 
9  569.4 

3  +100.3 


.33I.2-I.30KO  U324.6  1.322.1 

121^^^4.9  l»02i:9  R29.9 

+407.7-+426.k  +302.7  +492.2 

Ul  17.4.1.052.1  M76.5  963.1 

596.3-  576.1  641.6  552.2 

+  'SI.|-+476.0  +534.9  +431.0 


production 

Consumption 

441.5-  367.0 

459.6 

372.8 

502.8-  484.3 

^.8 

^76.8 

Trade 

-61.3- -117.3 

-63.2 

-104.0 

Japan 

102.1-  103.7 

Production 

107.8 

100. 1 

Consumption 

3J5.7-  363.4 

390.8 

35S.I 

Trade 

-273.6—  259.7 

-283.0 

-258.0 

,  ntrally  planned  countries 

452.5 

Production 

4U.5 

369.6 

Consumption 

432.5 

458.5 

400.4 

Trade 

-21.0 

-6.0 

-30.8 

Eastern  Europe 

Prodalttion 

788.6 

823.5 

741.3 

Consumption 

849.5 

861.6 

830.4 

trade 

-60.9 

-36.1 

-89.1 

U.S.S.R.. 

Productk>M 

812.8 

877.5 

732.2 

Consumption 

856.9 

875.8 

808.8 

Trade 

-44.1 

+  :.7 

.-76.7 

^ople*s  Republic  of  China 

Production 

23-6 

260.0 

216.2 

Consumption 

246.0 

263.8 

226.0 

Trade 

-8.4 

-3.8 

-9.8 

Less  developed  countries 

Production 

182.0.  189.4 

190.4 

178.3 

Consumption 

'      203.0-  201.6 

207.8 

191.8 

Trade 

-21.0.-12.2 

-17.4 

-13.5 

(196^71  -400) 

(kiiogroms) 

(1969-71 

-  100) 

1 

U 

in 

I 

II 

III 

I 

II 

III 

112.9^104.5 
108.8-104.9 

115.2 
115.2 

105.0 
102.1 

838.5..  769.8 
735.0-  692.4 
+ 103.5-  +77.4 

847.5 
798.3 
+49.2 

716.9 
619.2 
+97.7 

128.8-1 18.4 
I27.7-UI.2 

131.8 
139.  • 

108.8 

110.0 

124.8-122.2 
108.5-^103.4 

124.2 
1119 

124.0 
98.7 

1,697.4-1,640.3 
M83.3-UIII.5 
+5I4.U+528.8 

1,719.1 
1,363.3 
+355.8 

1,479.5 
917.7 
+561.8 

156.0-151.1 
135.0-128.3 

157.8 
154.8 

137.4 
107.9 

103.3-  98.6 
98.6-  96.0 

107.6 
104.4 

93.6 
93.0 

1,052.0-  915.6 
587.7-  562.6 
+464.3-+353.0 

1,244.5 
749.7 
+494.8 

833.8 
512.1 
+321.7 

98.6-  88.7 
97.5-  94.3 

112.5 
127  4 

82.8 
94.1 

III.O.  95.^ 
107.4- lOi.l 

114.8 

110.9 

96.3 
102.7 

470.7-  394.0 
581.7.  548.8 
-III.0.-I.M.8 

480.2 

399.0 
-118.8 

355.4  II7.I>I0I.0 
518.2  I2I.4-II5.5 

wrs — ^ 

119.2 
124.5 

92.8 
IIO.I 

83 .4r  84.5 
130.4-126.6 

87.3 
135.1 

82.0 
124.9 

142.91-  135.4 
484.4-  452.3 
-341.5—316.7 

141.3 
481.2 

-339.9 

129.1 
401.1 

-272.0 

III.3-I06.I 
164.2-154.2 

110.2 
163.2 

101  8 
138.3 

116.7 
122.4 

I2;.6 
i-j.O 

107.2 
115.9 

451.1 
473.9 

-22,8 

489.2 
495.1 
-5.9 

37.* 

3  -^  >  5 

-2y.2 

129.6 
135.8 

135.6 
I38.'4 

112.8 
119.0 

132.7 
131. 1 

.138.4 
132.8 

S25.4 
128.4 

921.9 
997.6 
-75^ 

9^*.9 
LO  ' 

846.2 
920.8 
-74.6 

153.3 
152.1 

161. 1 
154.2 

I4!.6 
141.2 

115.6 

ir.9 

124.6 
130.6 

104.5 
120.9 

903.2 
949.9 
-4  " 

?  i 

-.3 

773.9 
828.4 
-54.4 

128. 
141.4 

138.7 
145.2 

1 10.3 
123.7 

108.7 
110.3 

117.8 
117.5 

99.9 
102.3 

259.0 
267.8 
-8.8 

278.0 
281.8 
t38 

214.0 
220.0 
-6.0 

117.4 

;i9.i 

125.2 
124.7 

99.0 
99.9 

I0I.7-I06.5 
107.7  106.7 

106.7 
110.8 

99.1 
101.8 

195.6-  197.1 
210.2-  205.5 
^14.6-  -8.4 

210.2 
219.4 

-9.2 

176.6 
189.5 
-12.9 

109.5-110.8 
il  1.0-106.6 

119.5 
116.7 

99.1 
99.9 

ERIC 
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151 


152 


TABLE  «-8  (coot.) 

Rnr  Capita  Grain  and  Total  Food  Prodnction,  Conmmption,  and  Trade  (ANcmatim  I,  II,  III) 

-  1985  2000 


Grain 

ikihgrttms} 


Food 
(1969-71  •  100) 


Grain 

(kilof(rams) 


Food 
(1969-71  -  t00» 


II 

ill 

11 

III 

1 

II 

111 

Exporters' 

541.1- 

Pmdiictioii 

606.9 

552.3 

573.0 

90.6-  97.7 

92.5 

94.0 

624.5- 

67!. 7 

663.7 

545.6 

C  Btumption 

286.7- 

284.5 

296.0 

281.0 

83.6-  83.2 

86.3 

82.1 

293.5- 

287.8 

308.9 

270.4 

Ti«de 

+254.4-.+ 322.4 

+256.3 

+291.9 

+331.1- 

+  383.9 

+354.8 

+275.2 

Inpoftert** 

169.2- 

Production 

174.4 

177.4 

164.1 

104.^-106.0 

108.7 

102.2 

180.8- 

180.> 

194.5 

163.4 

Consufflption 

200.0- 

198.6 

204.6 

188.6 

111^110.1 

113.1 

105.6 

207.3- 

202.7 

216.2 

186.5 

Trade 

-M.8- 

-24.2 

-27.2 

-24.4 

-26.S- 

-2!.9 

-21.7 

-23.1 

Latin  America 

247.7- 

Production 

247.4 

264.3 

259.6 

108.2-118.9 

114.9 

113.0 

305.9- 

311.4 

346.6 

286.0 

Consumption 

244.(^ 

240.8 

262.8 

234.5 

110.9-109.6 

118.7 

106.9 

282.8- 

278.1 

306.0 

243.8 

Trade 

+3.7- 

+33.6 

+  1.5 

+25.1 

+23.1- 

+33.3 

+40.6 

+42.2 

North  Afnca^tddk  East 

Production 

"^At  ft 

203.9 

209.0 

188.4 

87.2-  88.3 

91.0 

80.1 

218.3- 

222.5 

239.9 

188.6 

Consumption 

289.4- 

285 .8 

295.1 

284.1 

101.8-100.3 

104.2 

99.7 

301.8- 

292.8 

318.6 

283.7 

Trade 

-87.6- 

-81.9 

-86.1 

-95.6 

-83.^ 

-70.3 

-•78.7 

-95.0 

Other  ifrican  LDCs 

PrtMiuction 

130.7- 

138.7 

136.7 

125.5' 

98.1-104.3 

102.3 

94.0 

109.(^ 

1 13.2 

123.8 

106.0 

Consumption 

144.0- 

142.9 

144.4 

133.7 

105.(^104.2 

105.3 

97.3 

1 12.5- 

119.1 

106.8 

Trade 

-I3.J- 

-4.2 

-8.1 

-8.3 

-3!6- 

+  1.2 

+4.7 

-0.8 

south  Asia 

Production 

170.0- 

17J.7 

177.1 

160.7 

104.6-105.6 

108.9 

98.8 

174.0- 

170.0' 

178.1 

152.1 

Consumption 

184.}- 

183.7 

186.4 

167.7 

107.8-107.4 

109.0 

98.0 

186.7- 

181.0 

192.4 

164.9 

Trade 

-I4.J- 

-12.0 

-9.3 

-7.0 

-12.7- 

-11.0 

-14.3 

-12.8 

Southeast  Asia 

Production 

273.6- 

295.8 

282.0 

278.1 

116.3-126.4 

120.1 

U8.4 

301.9- 

316.5 

322.7 

282.5 

Consumption 

'  217.9- 

217.9 

218.5 

215.6 

108.9^108.9 

109  2 

107.6 

233.2- 

228.5 

237.1 

219.9 

Trade 

+55.7- 

+77.9 

+63.6 

+62.5 

+68.7- 

+87.5 

+85.6 

+62.6 

East  Asia 

Production 

139.9- 

138.9 

148.4 

!31.9 

104.6-104.9 

ltl.2 

96.5 

161.1- 

163.5 

168.7 

140.4 

Consumption 

196.8- 

197.8 

2(».3 

187.1 

116.2-115.6 

118.9 

109.2 

219.5- 

217.3 

221.3 

195.5 

Trade 

-58.9- 

-58.9 

-54.9 

-55.2 

-58.5- 

-53.8 

-52.6 

-55.1 

^orld 

r 

Production 

337.7- 

332.6 

354.4 

315.4 

109.5.108.5 

114.0 

103.0 

352.2- 

343.2 

373.0 

302.0 

Consumption 

337.7- 

332.6 

354.4 

315.4 

109.5-108.5 

tl4.0 

mo 

352.0- 

343.2 

373.0 

302.0 

Trade 

y 

102.(^110.4 
78.9-  77.4 


110.0-1 10.8 
113.3-110.8 


131.5-133.7 
127.1-125.1 


95.9-  98.2 
105.9-102.2 


81.2-  84.5 

81.3-  80.9 


107.0-104.6 
109.2-105.8 


129.2-135.9 
117.1-114.6 


121.1^122.8 
12B.7-127.3 


117.0-114.5 
117.0-114.5 


147.8 
136.7 


107.4 
112.9 


92.7 
86.3 


109.6 
112.5 


138.7 
119.2 


126.9 
129:7 


111 


109.0  94.6 
83.0  72.7 


1:^0.3  99.4 
119.1  101.8 


123.6 
110.8 


80.3 
96.4 


80.5 
78.5 


93.5 
96.4 


120.4 

110.0 


105.0 
114.2 


126.0  104.0 
126.0  104.0 


ERLC 
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sUaints,  or  any  combinatioci  theitof^-are  obvious 
in  countries  such  as  Mexko  and  Egypt.  The 
of  demand  constraints— be  they  low  in- 
come, skewed  income  distribution,  fbreigp  ex- 
change shditages,  or  any  combination  thereof— 
are  also  obvious  in  countries  such  as  Bolivia  and 
Haiti.  The  regions  showing  the  smallest  improve- 
ments through  2000,  however,  are  those  with 
severe  supply  and  demand  problems,  the  typical 
agricultural  economy  in  South  Asia  and  much  of 
Sahdian  and  Central  Africa  will  be  hard  pressed 
to  pnxhice  an  additional  5-10  kilograms  of  grain 
per  capita  over  the  next  10  years;  their  c^sumers, 
however,  are  also  likely  to  be  hard  pressed  to 
demand  an  added  5l.10  kik)grams.  It  shouM  be 
npted  that  Alternative  II's  productkm  increiase  is 
relegated  largely  to  reducins  imports  rather  than 
increasing  consumption.  The  per  capita  food  en- 
eigy  supplies  shown  ill  Table  6-9  suggest  that 
effective  market  demand  is  likely  to  lag  below 
nutritkmal  demand  measured  in  terms  of  even  the 
most  minimal  requirements. 

The  results  of  Alternatives  II  and  III  also 
suggest  that  world  trade  is  likely  to  vary  far  more 
than  world  production  and  consumption.  While 
worid  production  and  consumption  vary  as  much 
as  10  percent  from  Alternative  11  to  Alternative 
III,  world  trade  varies  as  much  as  35  percent. 
AiiKxig  the  food-deficit  countries,  variatkms  in  the 
import  demand  of  the  centrally  planned  countries 
are  largest— ranging  ftoir  9  to  47  milUon  metric 
tons  in  19SS  and  10  to  40  million  metric  tons  in 
2000.  The  import  demand  of  most  of  the  other 
nuyor  importers,  including  Jfipan,  South  Asia, 
Nonh  Afiica/Mkklle  East,  East  Asia,  and,  to  a 
lesser  extent.  Western  Europe,  shows  strong  but 
relatively  stable  growth  (Table  6-10). 


The  surplus  productive  capacity  of  the  tradi- 
tional'exporters— paitknilariy  Canada,  South  Af- 
rica, and  Australia— is  pr^y^r  ed  to  decrease  be- 
yond 1983  as  a  result  growth*  in  domestic 
denumd.  Given  the  added  ciq>acity  of  several 
emerging  devetoping  exporters,  however,  excess 
productive  capacity  is  expected  to  be  more;  than 
adequate  to  balance  the  highest  import  ^lemand 
projected  in  2000  but  at  real  prices  somewhat 
above  197^73  levels.  The  model  implies  that  the 
msyor  ei^rters  will  continue  to  play  a  crucial 
role  in  balancing  worM  supply  and  demand  by 
slowing  ph)ductk)n  in  Alternative  U-type  situa- 
tions in  order  to  avoid  the  buildup  of  price- 
depressing  surpluses,  and  by  increasing  export 
availability  under  Alternative  m-type  situations  to 
slow  down  price  increases. 

The  U.S.  is  projected  to  play  an  increasingly 
dominant  role  in  this  balancing  procedure.  As  the 
worid's  resktual  supplier,  the  U.S.  is  projected  to 
expand  exports  fester  than  the  other  nuyor  traders 
in  a  tight  worid  supply  situatkm  but  to  contract 
exports  faster  in  a  k)ose  supply  situatk>n.  The 
marked  variability  of  yiekls  in  the  other  mitfor 
exporters  shifts  an  even  larger  share  of  the 
adjustment  on  the  U.S.  in  periods  of  weather 
fluttuations.  As  Table  6-10  shows,  while  the 
margin  between  Alternative  II  and  III  world 
export  levels  is  roughly  33  percent  in  both  1963 
and  2000,  the  maipn  for  exporters  exchiding  the 
U.S.  is  IOl^  percent,  and  the  margin  for  the  U.S. 
is  63-90  percent. 

Alternatives  II  and  III  also  suggest  that  the 
range  of  possible  real-price  changes  is  wide. 
Under  opdmistk  Alternative  II,  an  index  of  real 
worid  market  prices  increases  30  percent  firom 
1969-71  to  2000.  Alternative  III*s  tighter  siqsply 


TABLE  6-9 

Daily  Caknic  Consumptkm  in  the  Less  Devdoped  Countries 


1969-71 

1973-74 

\ 

1985 
II 

III 

I 

2O0O 

II 

III 

Calories  per  capita  per  day 

Lets  developed  countries 

2165 

2135 

2310-2290 

2350 

2210 

2370^2330 

2390 

2165 

Latin  Americn 

2525 

2540 

2690-2670 

28tC 

2630 

2935-291,3 

3080 

2710 

North  Africa/Middle  East 

2421 

2482 

2465-2430 

2525 

2415 

2530*2460 

2655 

2390 

Other  AlHcac  i^DCs 

2139 

2071 

2245-2230 

2255 

2095 

1840-1830 

1920 

1800 

South  Alia 

2036 

1954 

2155-2145 

2175 

^ 

2180-2130 

2230 

1985 

Southeast  Asia 

2174  ' 

2270 

232O-23/0 

2325 

2300 

2400-2365 

2425 

2310 

East  Asia 

2140 

2205 

2310-2340 

2380 

2260 

2505-2480 

2520 

2320 

Note  PAG 


K  2.375  calomi  pef  «ty  for  Lalia  Aawfea.  2.)25  uMn  im  »»tlo»li^  AMca.  ud  2,21$  cilerin  <■  fcitloHNI  A«l« 
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TABLE  6-10 

Worid  Grain  Trade  Qmntitks  (Attcnutivcrl,  O,  HI) 


Historic  ms  2000  . 


1969-71 

1973^75 

1 

II 

111^ 

1 

II 

III 

"      i   ;:: — 

'  Millions  of  metric  tons 

World  Mpom 

Developed  exporters 

68.3 

100.3 

139.0-134.9 

109.8 

149.8 

179.8-170.5 

134.9 

198.6 

United  Sutes 

39.9 

72.9 

93.i-  97.3 

68.0 

115.3 

126.a>129.6 

84.8 

157.2 

Otittr  developed  exporters 

28  4 

'  27.7 

45.9-  37.6 

41.8 

34.5 

53.»-  40.9 

50.1 

41.4 

Devtlopim  exporters 

II.3 

13.1 

22.ft-  28.9 

22.6 

26.6 

41.4-  48.0 

43.3 

40.0 

World  inports 

Dtvelopad  importers 

36.2 

39.0 

55.7-  74.3 

61.2 

69.5 

88.5-102.2 

92.5 

105.5 

Cefllnlly  plaailed  importers 

^  5.2 

24.0 

29.0 

8.7 

46.6 

36.5 

9.0 

39.0 

Developinf  importers 

29.3 

45.3 

77.1-  60.5 

67.0 

62.4 

96.2-  79.8 

75.7 

94.1 

World  Total  (net  export  basis) 

79.6r 

II3.7 

I6I.&-I63.8 

132.4 

176.4 

221.2-218.5 

178.2 

238.6 

AKpip;  TM  tMMtf  «■  a  Ml  naM  bMk 

for  total  grauu  and  is 

laatkr  tftaa  trade  i|iM 

Mad  for  ukI 

ividiial  gram 

s  aad  iadividual  eoiaiSne*.  , 

and  doubUqg  of  petroieum  prices  generates  more 
tim  a  100  percent  increase  over  the  same  30-year 
peiiod.  A  moit  detailed  analysis  oi  the  modePs 
output  suggeato  that  the  eflfect  of  woM  marlcet 
price  incfcaaes  varies  widdy  by  region  and  com- 
modity. Countries  importing  or  exporting  a  large 
propoitkMi  of  their  total  supply  on  a  regular  basis, 
sudi  as  Japan  a>ul  the  United  States,  are  strraigly 
aflbcted.  In  those  parts  of  the  that  are  near 
sdf-sufliciency ,  the  effect,  of  price  changes  would 
be  substanliaOy  smaller.  Amcxig  the  industrialized 
iniportiQg  countries  near  self-suSBciency,  highen 
world  prices  could  strengthen  protectionist  agrf- 
cukural  and  tirade  policy  tendencies.  In  most  of 
the  regions  of  the  world,  however,  domestic 
supply  and  demand  pressures  and  government 
imervention  to  minimize  the  effect  of  world  food 
price  iQOvemaits  on  domestic  prices  would  be  far 
more  important  deteiminants  of  actual  production  ^ 
and  oonsunqiCion  levels.  The  poorest  LDCs  accus- 
tomed to  importing  to  fill  basic  food  needs, 
however,  could  find  themselves  priced  out  of  the 
world  market  to  an  even  greater  extent  than  in 
1973*75  should  their  production  shortfalls  coincide 


with  a  general  Alternative  ni4ype  situation  (Table 
6-11). 


,  Resources  and  Inputs 

A  closer  look  at  the  projections  suggests  that  a 
stibstantial  increase  in  the'  shiue  of  the  workl*s 
re&ource3  conrmiitted  to  food  production  will  be 
needed  to  meet  populatjjon-  and  income-generated 
growth  in  demand  through  2000.  A  number  of 
recent  sUidies  conclude  the  earth's  physkal  re- 
sources^ and  expanding  technology  can  sustain  a 
4-6  percent  rate  cf  growth  in  food  productkm. 
Realizing  t^ven  the'2.1  percent  growth  to  2000 
shown  in  Table  6-5,  however,  will  entail  higher 
real  costs  and  increased  pre&sure  on  the  worid's 
re'source  ^nd  environmental  balances. 


Nitural'Rcsources 

T^ble  6-12*s  arable  area  data  provides  one 
rough  measure  of  food  pressure  on  finite  resource 
suf^lies.  Under  all  the  alternatives  tested,  growth 


TABLE  6-11 
Internatkmal  Price  Indkm  (Alternatives  I,  tO) 

1969-71       1972-74  1^77  


I 


11 


III 


2000 


III 


World  oiarket  weiglitevl 
food  prices 


100.0 


165.0 


120.0 


Btal  1969^71  $  «  100 
11(^130     .  105  '  135 


145-195 


130  215 


MIeatlva  of  diractiM  of  clMuiga  aftd  order  of  mmpiknd*  oaly.  ttatlc  aaiwa  of.tiM  OOL  (fnaa,  oUaawl.  Iivaitock)  aodal  aad  lu  oaa  of 
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in  arable  area  slows — generally  to  less  than  half 
the  rate  of  injregs^  over  the  last  two  and  a  half 
decades— despite  producer  price  incentives  to  ac- 
celerate the  rate  of  expansion,  .Physical  con- 
straints, both  in  the  absolute  sinsc  of  running  out 
o(  cultivatable  land  and  in  the  relative  sense  of 
the  increasing  scarcity  of  good  and  reasonably 
accessible  land/ affect  virtually^  all  of  the  regions 
shown  in  Table  ^5  by  2000  (Fig.  6-6). 

Although  felt  generally  throughout  the  world, 
pressure  on  land  resources  is  likely  to  vary  widely 
and  to  evoke  a  number  of  diflerent  response*^. 
The  projections  suggest  that  absolute  constraints 
will  be  most  marked  in  Western  Europe,  Eastern 
Europe,  Japan,  South  Asia,  China,  North  Africa 
and  the  Middle  East,  and  parts  of  Central  America 
and  East  Asia  by  the  early  1990s.  Arable  area  in 
many  of  these  regions  will  quite  likely  begin  to 
contract  bcfoic  2000  as  demand  for  land  for. 
nonagricultural  uses  increases  and  as  the  eco- 
nomic and  environmental  costs  of  maintaining 
cultivated  areas  near  physical  maxima  becomes 
prohibitive.  Reports  on  land  and  water  manage- 
ment problems,  suggest  that  marginal  or  submar- 
ginal  land  in  Sudano-Sahelian  Africa,  North  Africa 
and  the  Middle  East,  and  parts  of  heavily  popu- 
lated Asia  will  hnvf*  fo  be  returned  to  pasture  or 


put  into  an  extended  fallow  rotation  if  any  long- 
term  productivity  is  to  be  maintained.  Population 
pressure  on  arid  or  semiarid  larld  in  these  regions 
in  particular  has  caused  soil-fertility  losses,  dete- 
rioration of  limited  water  resources,  and  declining 
returns  to  increasingly  costly  cultivation.  The  net 
return  to  intensifying  use  of  higher-quality  land 
suggests  that  economically  and  environmentally 
^^ptimum  cropped  area  is  far  smaller  than  the 
potential  pr  maximum  area  generally  measured  in 
physical  surveys. 

Arable  area  will  undoubtedly  continue  to  ex- 
pand in  other  regions  of  the  world,  particularly  in 
parts  of  South  America,  Central  Africa,  and  East 
and  Southeast  Asia.  But  by  2000,  even  in  these 
regions  where  arable  area  has  not  reached  a 
maximum,  the  costs  of  expansion  aire  likely  to  be 
substantially  higher  as  cultivation  moves  toward 
forested  areas  or  wasteland,  and  as  water  supplies 
and  water  management  become  constraints^ 

Table  6~l3*s  declining  land-man  ratios  add  a 
popubtion  dimension  to  the  problem  of  absolute 
and  relative  constraints  on  arable  area.  In  general, 
regions  with  the  tightest  absolute  constraints  re- 
port large  populations,  low  incomes,  and  average 
caloric  consumption  levels  below  recommended 
minimums. 


TABLE  6-12 
Arable  Area,  Actual  and  Projected  (Alternative  I) 


I951-5S 

1%1  -65 

1971-75 

Alternative  I 
^  1985 

2000 

Miliums  (ij  hi'i  tan  s 

IrKfustria'lized  countnes 

361  2 

371  8 

400.3 

392  2 

399.1 

United  States 

1885 

180  5 

200  5 

195  0 

208.0 

Other  major  exporters 

72  5 

890 

104  0 

102  0 

99.0 

Western  Europe 

95  1 

%4 

90  I 

89  ' 

87.0 

5  1 

^9 

5  7 

5  7 

*  5.1 

CentraJly  planned  countries 

384  3 

404  ^ 

414  5 

.    417  5» 

420  0« 

Eastern  Europe 

5S0 

54  4 

U.S.SR. 

219  8 

229  5 

232  5 

People's  Republic  of  China 

109  5 

119  0 

127  s 

Less  developed  countries 

529  2 

607  1 

662  0 

706  0 

723  5 

Latin  Annenca 

93  5 

114  0 

136  5 

155  0 

165  0 

North  Africa/Middle  blast 

78-5 

86  3 

91  5 

92  5 

91  0 

Other  African  LDCs 

!I60 

146  5 

"  160  5 

175  0 

182  5 

South  Asia 

200  5 

207  5 

209,0 

207.0 

Southeast  Asia 

22  7 

31  6 

34  9 

39  0 

41  0 

East  Asia 

22  5 

28  2 

31  1 

35  5 

37  0 

Worid 

1.274  7 

1.383  4 

1 .476  8 

1.M3  7 

1,538  6 

*  AraMc  area  in  centr^illy  pl&nned  v«^untr)«^  thf>u|hi  to  he  at  or  nc4r  maximum  druMih  m  Uttd  used  cutsidt  (he  d(rKijltiir<il  secH^r  upprunim^teiv  bHiance^  arable  area 
iHcrtaaea 


157 


V-        ^'-l'  '>;.'     ^  -  V-       -  - 


PoimJHMy  ArabU  Ar«o 


u  


2000 


FIfw  M  World  potentltUy  arable,  arable,  and  grain  area,  actual  and  projected. 
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TABLE  6-13 

Arable  Artm  per  Capita,  Actual  and  Projected  (Alternative  D 


w 

1951-55 

1961-65 

1971-75 

Alternative  I 
1985 

21lUU 

Amble  hectares  per  capita 

industrialized  countries 

.61 

.56 

.55 

CA 

.50 

United  Sifttes 

1.17 

.95 

.95 

IK 

'^Other  m^ior  exporters 

1.72 

1.66 

1.58 

1  79 

1  .£7 

.94 

Western  Europe 

.33 

30 

.26 

.t^ 

Japan  - 

.UO 

.UD 

Centrally  planned  countries 

.45 

.39 

35 

.30 

.26 

Eastern  Europe 

.50 

.47 

.43 

39 

.36 

U.S.S.R. 

1.16 

1.02 

.93 

.83 

.73 

Pole's  Republic  of  China 

.19 

.18 

.16 

.13 

.11 

Let .  developed  countries 

.45 

.40 

.35 

.27 

.19 

Latin  America 

56 

.51 

.47 

.38 

.28 

North  Africa/Middle  East 

.68 

.58 

.47 

.33 

.22 

Ocfier  African  LDCs 

.72 

.73 

.62 

.49 

.32 

South  Asia 

.38 

.32 

.26 

.19 

.13 

Southeast  Asia 

.38 

.41 

.35 

.28 

.20 

East  Asia 

.15 

.15 

.13 

.11 

.08 

Worid 

'.48 

.44 

.39 

.32 

.25 

fitur  Anble  area  inchidet  l»nd  under  lemporiry  crops  (douNe-croppcd  vei»  ire  counted  only  '^nce).  lemporiry  tneadows  for  mowmg  or  p«iure.  UmS  under  nwrkea 
ind  ktfchcn  lardentimctudtni  oitivMion  under  |iist}.  and  land  tcmporar'Hy  falbw  or  lytnt  Kfle 
Sifurtr  Economici.  Stamiict.  and  Cooperaltve Service.  U  S  Depailntchi  of  Aptculture 


Countries  with  the  broadest  latitude  for  expan- 
sion report  smaller  populations  but  higher  popula- 
tion groWt^t  rates  and  limited  agricultural  infra- 
stnicture  and  investment  monics-^tfitors  likely  to  . 
accelerate  growth  in  their  domestic  food  needs  on 
the  one  hand  while  slowing  the  pace  or  raising  the 
cost  of  increases  in  production  on  the  other. 

All  three  alternatives  also  suggest  substantial 
pressure  to  increase  not  only  the  quantity  of 
resources  committed  to  agriculture  but  also  the 
intensity  of  ^ir  use.  Increasing  use  of  already 
cultivated  land  is  possible  throu^  multiple  crop- 
ping, i.e.,  enli^ng  harvested  area  faster  than 
arable  area.  Even  in  those  countries  where  re- 
source endowment  is  such  that  expansion  in 
arable  area  is  possible,  economic  returns  to  inten- 
sification are  likely  to  rival  returns  on  developing 
remaining  land  and  water  resources  by  1990.  In 
many  of  the  temperate  regions  unsuited  to  multi- 
pie  cropping,  similar  pressures  to  intensify  are 
likely  to  generate  changes  in  land  use-shifts  out 
of  grasslands  into  higher-yiekiing  or  higher-valued 
crops,  for  example,  and  shortening  of  fallow 
periods. 

Reaourcc-Augmenting  Inputs 

Pressure  on  the  supply  side  is  also  likely  to 
generate  increases  in  t  use  of  inpiits  (such  as 
fertilizer,  pestickles,  and  high-yiekling  varieties)  to 
augment  natural  resources.  If  fertilizer  is  used  as 


a  proxy  for  a  much  larger  bundle  of  prodiictivity- 
expanding  inputs,  Table  6-14's  estimates  can  be 
used  as  rough  indk:ations  of  the  growth  associated 
with  Table  6-5's  projections.  The  90-100  percent 
Mncrease  in  food  production  projected  through 
2000  under  Alternative  I  suggests  roughly  a  180 
percent  increase  in  fertilizer  use  finom  80  million 
metric  tons  in  1973-75  to  225  million  in  2080. 
The  measures  of  fertilizer  use  per  arable  hectare  in 
Table  6-15  point  up  the  increasingly  input-intensive 
nature  of  food  production  through  the  end  of  the 
century. 

Expanding  food  production  through  increased 
use  of  resource-augmenting  inputs,  however,  is 
subject  to  diminishing  marginal  returns.  In  highly 
simplistic  terms,  the  20  million  toa  increase  in 
fertilizer  consumptk>n  from  the  eariy  1950s  to  the 
early  1960s  was  associated  with  a  iXXi  million  ton 
increase  in  grain  production  suggesting  a  10:1 
ratio.  Growth  from  the  eariy  1960s  through  the 
eariy  1970s  appears  to  have  been  at  a  somewhat 
lower  ratio  of  8.5:1.  The  increases  projected  under 
Alternative  I  imply  a  further  deterioration  in  this 
grain:fertilizer  ratio  to  roygWy  7.0:1  by  1985  and 
5.5:1  by  2000.  Ratios  within  individual  regions 
vary  widely,  fixm  as  low  as  3-4:1  in  the  countries 
alr^y  fertilizing  heavily  to  as  high  as  10-20:1  in 
the  developing  countries  at  the  bottom  of  what 
appear  to  be  S-shaped  fertilizer  response  and 
fertilizer  adoptk>n  curves.  Changes  in  these  work! 
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TABLE  6-14 

Fertafaer  Commnplion,  Actual  and  Projected  (Alternative  I) 


1951-55 


1971-75 


Alternative  I 


1985 


2000 


Industmlized  countries 
Unite<f  Sutes 
Other  miuor  exponers 
Western  Europe 
Japan 

CentraUy.pianned  countries 
Eastern  Europe 
U.S.S.R. 

Btople's  Republic  of  China 
Less  developed  countries 
Latin.  America 
North  Africa/Middle  East 
Other  African  LDCs 
South  Asia 
Southeast  Asia 
East  Asia 

World 


13.675 
5,175 
1,050 
6,525 
925 

3,525 
1,375 
2.000 
150 

1,075 
375 
225 
50 
{50 

275 
18.275 


25,075 
9,400 
2,025 

]  1,850 
1,800 

9.100 
3,950 
3,700 
1,45.0 

3,625 
1,250 
650 
175 
625 
200 
725 

37.800 


Thousands  of  metnc  /ow? 

3^,900 
16,850 

3,375 
17,650 

2,025 

28,125 

9,850 
12.850 

5,425 


11,925 
3,900 
2,000 

550 
3,425 

150 
1,600 
79,950 


57,150 
26.250 

5.500 
23.000 

2,4QO 

49.250 
17.500 
22,000 
9.750 

28,500 
8,750 
4,250 
2,500 
7,750 
2,000 
3.250 

134,900 


84,000 
40,000 

9,750 
31,000 
3,250 

77.500 
24.500 
33.500 
19,500 

58.750 
20.750 
8,750 
4,500 
15.000 
3.500 
6.250 

220,250 


X  ^JI^Jl^^^l  T  JT'"' J?"* r"****  nnn>i;.no»  fcrtj.zer  (N).  phosph-«  (Pp^.  .nd  p<H«h  (KP)  \  ^  for  •tr.cuiiur.l  production  only  H«tor,c 
»«J^P-t™  «.«es,  ih«  the  tcHai  »  m«ie  »p  of  wo».«.«tel>  30  prcew  «rtro„no«s  fcrt,h„„.  over  25  pcrcem  photph.tc'w^  so«>cwh««  unSTS 
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ratios  could  wcU  be  slowed  or  reversed  by  either 
changes  in  the  distribution  of  scarce  fertilizer 
supplies  to  iiStrcase  use  in  higher-return  areas  or 
by  technological  advanpes  similar  to  the  develop- 
ment of  fertilizer-responsive  wheat  and  rice  vari- 
eties through  the  late  1950s  and  earlv  1960s  (Figs 
6-7  and  6-8). 

Water  Resources 

The  key  rote  water  plays  in  developing  new 
resources  and  intensifying  cropping  suggests  tha* 
pressure  on  water  resources  is  likely  to  increase 
even  faster  than  pressure  on  arable  land  and 
inputs.  Water  management— defined  to  include 
conventional  irrigation  activities  as  well  as  flood 
control,  drainage,  and  soil-erosion  control-Hs  al- 
ready the  limiting  factor  on  expanding  production 
in  large  areas  of  the  worW.  FAO  estimates  suggest 
that  over  half  of  the  investment  in  land  develop- 
ment of  the  1960s  and  early  1970s  was  concen- 
trated if)  water  development  projects  future 
growth  iij  resources  committed  to  agriculture  and 
the  successful  mtensification  of  resource  use  are 
likely  to  depend  to  an  even  greater  extent  on 
providing  niore  water  and  improved  /water  man- 
agement in  the  arid  and  semiarid  areas,  and  on 
drainage  and  managing  surplus  water  in  the  humid 
and  wet  areas  that  together  make  up  weU  over 
half  of  the  worid's  remaining  reserves  of  arable  or 


potentially  arabte  land.  As  increased  pressure  on 
supply  generates  wider  use  of  high-productivity 
inputs,  water  management  could  become  the  sin- 
gle most  important  constraint  on  increasing  yields 
'v(\  the  developing  worid. 


Costs  and  Investments 

All  three  alternatives  indicate  that  projecting 
food  balances  to  2000  is  a  question  not  of  capacity 
alone  but  also  of  private  and  public  cost.  The 
projection  results  presented  in  Tabtes  6-5  through 
6-9  suggest  that  the  workf  s  productive  capacity 
is  more  than  adequate  to  meet  tiie  largest  foresee- 
able increases  in  demand  to  the  end  of  the 
century.  However,  real  food  priced  are  projected 
to  increase  even  if  the  price  of  inputs  from  outside 
the  agricultural  sector  are  assumed  to  remain 
constant.  Projected  price  increases  would  un- 
doubtedly be  even  larger  if  the  GOL  model's 
private  producer  and  consumer  prices  were  ex- 
panded to  reflect  the  public  and  social  costs 
associated  with  developing  and  maintaining  the 
prodiKtive  capacity  needed  in  2000.  The  maiigin 
between  public  and  private  costs  in  the  agricul- 
tural sector  has  traditionally  been  wide.  In  gen- 
eral, the  expense  of  developing  and  expanding 
productive  capacity  has  been  funded  larg^jly  by 
public  "ift vestment.  Productivity  gains  have  also 
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TABLE  6-15 

FertUfaei  ComumpOpo  per  Arable  Hectare,  Actual  and  Projected  (Alternative  I) 

Alternative  I  f 

1961-65   ^ 


1971-75 


1985 


2000 


Kilograms  per*  arable  hectare 


Induttiialized  countries 

40 

65 

100 

145 

210 

United  States 

30 

50 

85 

135 

190 

Other  nutfor  exporters 

15 

25 

35 

55 

100 

Western  Europe 

70 

123 

195 

233 

J33 

180 

305 

355 

420 

635 

Centrally  planned  countries 

10 

20 

70 

120 

185 

Eastem  Europe 

25 

70 

180 

315 

440 

U.S.S.R. 

10 

15 

55  . 

95 

145 

Feople*s  Republic  of  China 

1 

10 

45 

75 

150 

Less  developed  countries 

2 

5 

20 

40 

80 

Latin  America 

5 

10 

30 

55 

125 

North  Africa/Middle  East 

5 

10 

20 

45 

95 

Other  African  LQCs 

1 

5 

15 

25 

South  Asia 

1 

5 

15 

35 

70 

Southeast  Asia 

5 

15 

50 

85 

East  Asia 

10 

25 

50 

90 

170 

Worid 

15 

30 

55 

90 

145 

Ntrtr  McMures  m  nutnem  kiloframs 
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depended  to  a  large  extent  on  public  investments 
in  education,  technology,  and  extension  work. 

The  relationship  between  public  and  private 
costs  have  varied  widely  from  co-mtry  to  country 
due  to  dififering  resource  endowments  and  agricul- 
tural and  trade  policies.  The  most  marked  differ- 
ences, however,  have  been  between  the  industrial- 
ized wd  less  devek>ped  countries. 

Among  the  industrialized  countries— particu- 
lariy  the  Western  European  countries  and  Japan- 
governments  supplement  public  investments  with 
farm  income  and  price  supports.  The  projections 
imply  that  public  costs  in  many  of  these  countries 
will  have  to  increase  several  times  faster  than 
private  costs — possibly  3  to  4  times  faster— if  farm 
production  incentives  are  to  be  kept  high  and  if 
new  productive  capacity  is  to  be  developed  and 
oki  capacity  maintained.  Public  costs  will  likely 
increase  f^ister  than  private  costs  in  several  of  the 
LCD9swith  similar  problems  of  high  price  supports 
and  limited  agricultural  resources. 

The  muation  in  many  LdCs  is  likely  to  be  in 
flux  beyond  1965.  Development  poUctes  aimed  at 
taxing  the  agricultural  sctctor— indirectly  by  keep- 
ing farm  prices  low,  or  directly  by  financing 
devetopment  in  other  sectors  of  the  economy- 
have  kept  pubUc  costs  much  closer  to  private 
costs.  The  prqjectkms  in  Tables  6^  throi^  6-8 
indicate  that  a  fiift  reversal  of  conventk>nal  publx: 
and  private  cost  margins  will  be  necessary  by 


2000.  The  public  costs  associated  with  the  produc- 
tion levels  in  Table  6-^  are  likely  to  be  several 
times  projected  private  costs.  Laige  public  invest* 
ments  in  bask:  infrastructure  will  be  needed;  the 
in$titutk)nal  organizatk>n  of  agriculture  in  many 
LDCs  leaves  the  bulk  of  c^Htat-inlensive  expan- 
sion (as  compared  to  labor-intensive  maintenance) 
of  productive  capacity  to  the  pubUc  sector.  Public 
resources  can  be  ii^ected  through  market  in* 
creases  in  farm  returns  or  directly  through  devel- 
opment projects.  A  significant  j^portkm  of  the 
capital,  goods,  and  servkes  needed,  however,  wffl 
have  to  come  fix>m  foreign  sources  on  a  conces- 
sional basis  if  Improvements  in  the  agricultund 
sector  are  not  to  slow  progress  in  the  rest  of  the 
economy. 


Environmental  Implications 

While  the  GOL  model  does  not  explfciUy  ad- 
dress environmental  issues,  the  environmental 
difficulties  likely  to  be  associated  with  the  pnq^- 
tk>ns  outlined  above  appear  to  be  manageab^  in 
tlKory.  Management  <^>tk)ns  within  the  agricul-' 
tural  sector  are  wkie  enough*  particularly  if  sup- 
plement^ with  environmentally  sensitive  technol- 
ogy, to  solve  the  problems  inherent  in  using  a 
lafger  proportion  of  the  worid's  rsourccs  in  an 
increasingly  intensive  manner  to  produce  food. 
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Rfw*  4-7.  World  food  production  and  fcrtihzer  consumption,  ictutl  ind  projected. 
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F^wc  M.  Indicet  of  worM  food  production  aiid  fertilizer  oomumption,  actual  and  projected. 
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Environmental  problems  likely  to  be  associated 
with  future  increases  in  food  production  are  worth 
cataloging,  however. 

There  appear  to  be  two  broad  categories  of 
possible  problems — those  rciated  to  expanding 
and  ir>  nsifying  the  use  of  resources,  and  those 
related  to  increased  use  of  inputs  such  as  fertil- 
izers and  pesticides. 

Among  the  first  group  are  pr  Atms  of  deterio- 
rating son  fertility,  problems  of  soil  loss  and 
sedimentation,  problems  of  desertification,  an'^ 
problems  related  to  irrigation  (such  as  soil  and 
water  salinization,  changing  water  tables,  and 
pollution  of  witer  required  for  nonagricultural 
ures).  If  untreated,  the  problems  of  this  first  group 
cause  a  gradual  deterioration  in  resource  produc- 
tivity and  decliaing  levels  of  output. 

Detailed  information  on  the  extent  of  past 
fertility  losses,  erosion  losses,  desertification,  and 
sJinization  is  limited.  Problems  have  been  most 
marked  in  countries  where  man-iand  pressures  are 
greatest,  where  agricultural  technologies  are  prifn 
itive,  where  soil  conservatioYi  measures  are 
limited,  and  where  climate  factors  do  not  favor 
intensive  cultivatk>n.  Areas  reporting  the  severest 
problems  include  the  Sudano-Sahelian  countries 
of  Africa  and  areas  pf  South  Asia,  North  Africa 
and  the  Middle  East,  East  Africa,  and  Latin 
America..  Fufure  problems  are  likely  to  continue 
to  be  associated  with  pressure  to  expand  apicul- 
ture into  maiginal  areas  and  to  utilize  nuu^ginal 
resources  nK)re  intensively.  Table  6-12  suggests 
potential  problems  even  in  land-extensive  areas  of 
Africa  and  South  America  by  2000. 

Similar  problems  in  many  industrialized  coun- 
tries, including  the  U.S.  and  Australia,  have  been 
offajct  to  some  degree  by  technological  improve- 
ments and  upgraded  management  practices.  The 
range  of  technological  and  managerial  options 
available,  however,  is  limited  by  basic  land  char- 
acteristks,  tillage  techniques,  and  farmers'  incen- 
tives to  adopt  conservation  practices.  The  most 
successful  efforts  to  date  have  centered  on  reduc- 
ing the  intensity  of  land  use  and  implementing 
programs  for  minimum  or  conservation  tillage, 
contour  plowing,  terracing,  strip  cro|^[>ing,  extend- 
ing dry  or  green  fallow,  minimizing  runoff  and 
wind  erosion,  am-  improving  crop  rotation.  The 
m^rity  of  these  programs,  however,  are  likely  to 
be  costly  in  ttrms  of  short-range  reductions  in 
output  or  increases  in  unit  production  costs. 

Among  the  second  group  of  problems  related  to 
uicrcascd  use  of  inputs  are:  fertilizer  and  pesticide 
pollution;  the  increased  susceptibility  to  diseases 
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and  pests  of  high-yiekl  varieties  grown  in  mono- 
cultures; the  potential  toxkity  of  growth-stimulat-J 
ing  additives  used  in  a'^^mal  husbandry;  and  tbe( 
effects  cf  changing  techniques  in  food  collectkm, 
processing,  and  distribution.  Man-made  inputs 
tend  to  raise  productivity  initially;  if  mismanaged, 
however,  they  tend  to  reduce  productivity  in  the 
medium  and  long  term,  to  result  in  increased 
output  of  products  of  questionable  quality,  and  to 
contribute  to  pollution  in  other  sectors  of  the 
economy. 

The  infonn^.tion  available  on  fertilizer  and  pes- 
ticide pollution  is  fragmentary  and  generally  lim- 
ited to  micostudies.  The  pc^ential  for  wklespread 
pollution  due  to  the  primary  as  well  as  the 
secondary  and  tertiary  effects  oi  fertilizatk)n  and 
pest  control  is  clear.  However,  the  levels  of 
pesticide  anJ  fertilizer  use  projected  in  Tables 
6-14  and  ^  IS  are  well  below  currently  defined 
maxima. 

^  Ferlib'zcir  and  pesticide  pollution  problems  can 
4il3C  rcfult  from  misuse.  Even  relatively  small 
quanuiK  <>f  ferilizers  znd  pesticides  can  generate 
m^or  -*'*"bcnmental  problems  if  they  are  used 
imptoperiy.  '[}k  fast  growth  in  the  use  of  fertil- 
izers and  pesticidv  -  implied  by  the  projections  for 
most  LDCs  over  me  next  three  decades  point  up 
the  need  for  expanding  and  upgrading  farm  edu- 
cation progiams  and  monitoring  input  use  to 
ensure  the  optimum  trade-<^  between  food  pro- 
duction increases  and  environmental  quality. 

In  summary,  while  solutions  to  foreseeable 
environmental  problems  in  expanding  food  pro- 
duction are  theoretically  available,  their  applica- 
tion— particularly  in  those  parts  of  developing 
countries  experiencing      greatest  environmental 
stress— ^s  in  question.  JItimately,  the  environ- 
mentally positive  or  negative  nature  of  increases 
in  food  productwn  is  likely  to  depend  on  short- 
term  versus  long-term  costs.  The  real  food  piice 
incieases  projected  for  the  decades  ahead  couM 
well  make  the  short-term  costs  of  envuxmmentally 
positive  agriculture  seem  high  and  the  long-run 
costs  of  an  environmentally  .negative  agriculture 
seem  small.  In  the  industrialized  countries,  inter- 
nalizing the  cost  of  pollutk)n— translating  public 
costs  into  private  producer  and  consumer  costs-- 
couW  narrow  the  maigin  between  short-term,  aod 
long-term  costs  and  accelerate  the  move  to  an 
environmentally  positive  agricuhure.  In  most  less 
devek>ped  countries,  however,  questk>ns  of  grain 
gaps  and  calorie  gaps  are  likely  to  outweigh 
problems  of  environment  well  beyond  tite  vear 
2000. 
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Marine  Fisheries  Resources 

The  total  nominal  world  catch  of  marine  ani- 
mals in  1975  was  59,7  million  metric  tons  (mmt). 
The  catch  from  inland  areas  was  10.4  mmt,  which 
includes  some  of  the  diadromous  species.  Marine 
fish  accounted  for  49.3  mmt.  The'  total  aquatic 
catch  in  1975  of  69.7  mmt  was  roughly  the  same 
as  1970  (69.6  mmt),  the  last  year  of  steadily 
increasing  annual  cr  ches.  Between  1970  and 
1975,  the  average  annual  total  had  actually  de- 
creased somewhat,  prim«irily,  but  not  entirely,  due 
to  the  failure  of  the  Peruvian  anchovetta  fishery 
(Tables  7-1  and  Fig.  7-1). 
^The  trend  in  marine  fish  has  been  downward 
,  since  the  peak  year  of  1970,  demonstrating  that 
the  traditional  marine  fish  populations  are  now 

TABLE  7-1 
ToUl  WorW  Catch  and  Selected  Categories 


{Millions  of  metru  tons) 


Freshwa- 

Crusta- 

Total 

ter  and 
Diadrom- 
ous 

Manne 
Fish 

ceans 
and 
Mollusks 

Moilusks 

19.1 

2  6 

1934 

20.3 

2.9 

1955 

28  9 

2!  3 

2.8 

1956 

30  8 

2'2  7 

29 

1957 

31  7 

5.1 

22'8 

3.0 

195a 

33.3 

5.6 

24.1 

3.0 

1959 

36  9 

6  1 

26.8 

3  3 

1960 

402 

66 

29.2 

3.6 

!%1 

43.6 

7.0 

32.2 

3  5 

1%2 

448 

68 

35.6 

3  8 

1%3 

46.6 

70 

36  4 

4  1 

1964 

51  9 

72 

40.9 

4.0 

1%5 

53  3 

7.8 

39.6 

4  1 

"  t 

1966 

57  3 

8 ; 

43.0 

4  3 

1%7 

60.4 

82 

45  9 

45- 

1968 

63.9 

93 

48.7 

50 

1969 

62.6 

9.8 

47  2 

4.7 

3.2 

1970 

69.6 

U  6 

52.7 

5.1 

3.4 

1971 

70.9 

12.2 

52  5 

5  1 

3.4 

>972 

66: 

12.4 

^7  2 

5  3 

3.6 

1973 

66K 

12  8 

47  1 

54 

3  5 

1974 

7C.4 

12  6 

50.8 

5.5 

3.5 

1975 

69.7 

134 

49.3 

5  8 

3.8 
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fully  exploited.  In  fact,  many  are  severely  over- 
exploited.  The  catch  of  crustaceans  has  been 
nearly  consta  since  1970  at  about  2.0  mmt. 
Moilusks  have  increased,  but  in  only  small 
amounts.  It  seemf  unlikely,  therefore  that  the 
generally  accepted  annual  potential  of  100  mmt  of 
traditional  marine  species  will  be  achieved  on  a 
sustained  basis.  It  is  more  likely  that  the  potential 
is  nearer  the  present  catch,  or  about  60  mmt. 

Technological  and  social  developments  over  th^ 
next  25  years  wiU  not,  therefore,  cause  an  i  <"rease 
in  sustained  yield  of  the  traditional  marine:  fisher- 
ies. It  is  more  likely  that  extended  jurisdictions 
will  decrease  the  actual  yield  as  management 
under  the  optimum  yield  concept  brings  fishing 
mortality  down  to  magnitudes  more  in  line  with 
stable,  profitable  fisheries.  Technological  ad- 
vances will  likely  be  needed  to  just  keep  the  cost 
o^  fishing  in  line  with  market  values  To  maintain 
present  yields  will  also  require  development  of 
markets  for  a  wider  variety  of  species  in  order  to 
take  advantage  of  inevitable  cyclic  changes  in 
species  productivity,  and  implementatbn  of  con- 
servational  management  practices. 
*  To  a  laiige  extent,  the  cunent  fisheries  yields 
have  been  maintained  by  development  of  formerly 
nonu^ditional  species,  e.g.,  capdin  and  sprat  in 
the  northern  Atlantic  and  pollock  in  the  northern 
Pacific.  New  fisheries  in  the  next  25  years  will 
continue  to  develop  by  seeking  species  as  a 
replacement  for  decimated  traditional  stocks  in 
traditional  markets.  Species  will  likely  be  smaller 
in  size  artd  shorter  liv^J.  These  fisheries  may 
increase  productivity  per  unit  area,  but  they  will 
also  create  problems  in  marketing,  particularly  for 
direct  consumption.  Their  development  may  also 
restrain  rebuilding  of  traditional  stocks  because  of 
ecological  interactions.  The  actual  theoretical  po- 
tential of  marine  protein  becomes  quite  larige,  10 
to  100  times  that  of  traditional  fishery  forms,  if 
one  is  willing  to  accept  that  plankton  and  very 
small  vertebrates  can  and  will  be  utilized.  It  is 
unlikely  that  a  significant  staUe  fishery  wiU  de- 
velop on  these  forms  with  a  few  possible  excep- 
tions. 

Utilization  of  krill  in  the  Antarctic  is  now 
developing,  and  may  result  in  laige  annual  yields 
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Figiirc  7-1.  Annual  catch  of  marine  fish  and  of  alt  manne  animals,  showing  the  downward  trend  in  marine  fish  since  1970 


sometime  in  the  next  10-15  years.  There  is  some 
potential  for  developing  fisheries  on  mesopelagic 
fishes,  e.g.,  lantern  fishes,  particularly  since  these 
are  distributed  in  areas  outside  of  national  jurisdic- 
tions. Processing  and  economic  considerations 
wi!!  constrain  development  of  both  these  poten- 
tials. 

Ii  present  trends  continue,  recreational  marine 
fisheries  will  increase  over  the  next  25  years  to 
the  point  where  they  will  have  to  replace  a 
significant  share  of  the  present  commercial  fishery 
mortality  if  the  resource  is  to  be  managed  for 
sustained,  maximal  yields.  This  is  now  more  a 
development  in  the  U  S.  than  elsewhere  in  the 
worid  but  may  become  a  global  problem  by  the 
year  2000. 

Natural  changes  in  ocean  climate  will  not 
greatly  affect  the  total  potential  yield.  Species 
compositions  may  change  and  regional  productiv- 
ity may  change,  but  the  respurce  has  a  basic 
adaptability  which  should  offset  any  total  changes. 

Man-made  changes  are  different.  Pollution  and 
physical  side  effects  of  other  uses  such  as  mineral 
extraction  and  powerplants  will  have  an  ovet^l 
negative  effect  on  productivity.  If  pollution  contin- 
ues unabated  as  appears  to  be  the  prognosis,  the 
effect  will  be  a  significant  reduction  in  fishery 
yields,  but  there  will  be  a  lag  in  the  effects  of 
pollution  on  the  marine  resources.  Thus,  a  mod- 
erate to  low  decrease  in  potential  due  to  this  effect 
would  occur  during  the  next  25-year  period  but 
would  beconne  more  severe  thereafter. 


The  60  mmt  marine  animal  catch  in  191^5  is 
roughly  equivalent  to  12  mmt  of  protein.  It  has 
been  calculated  that  about  36  grams  per  day  per 
person  is  an  adequate  diet  of  protein  (the  average 
daily  U.S.  protein  intake  is  about  65  grams). 
Thus,  the  present  fisheries  catch  would  supply 
about  28  percent  of  the  required  protein  intake  for 
a  population  of  4  billion  people.  This  will  decrease 
by  2000  to  25  percent  of  the  requirement  for  a 
population  of  6  billion  people,  even  if  the  total 
aquatk:  yield  increases  to  100  mmt. 

Culture  of  marine  species  probably  produces 
less  than  3  mmt  cur  ently  but  has  had  a  real 
potential  for  increasing  the  supply  of  manne 
animals.  This  is  particularly  true  for  mollusks 
(except  squid)  in  estuarine  areas.  Demand  is 
expected  to  increase,  but  primarily  in  the  high- 
market-price,  low-volume  species.  Production 
from  culture  will  be  slow  at  first.  Over  the  next  25 
years  it  might  double  to  around  6  mmt. 

Fresh  Water  Fisheries  Resources 

The  reported  harvest  of  naturally  produced 
fresh  *vater  fish  was  about  10  mmt  in  1975  and 
has  not  increased  over  the  last  five  years.  There 
appeals  to  be  no  potential  for  increased  yields 
from  this  type  of  fishery. 

The  present  production  from  fresh  water  culture 
is  uncertain.  A  lai^e  share  of  this  is  attributed  to 
the  People's  Republic  of  China  and  Asian  pond 
culture.  The  aquaculture  potential  in  fi*esh  water 
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wher&  nutrition  and  primary  productivity  can  be 
ardfically  enhanced  is,  perhaps,  the  greatest  of 
any  in  terms  of  realization.  The  only  natural 
limitation  is  water  supply. 

The  potential  yields  of  marine  and  fresh  water 
resources  will  only  be  realized  if  good  manage- 
ment, based  on  a  good  understanding  of  the 
ecosystem  is  obtained.  The  principal  ecological 
research  required  is  on  the  fundamental  processes 
whereby  enei^gy  is  transformed  and  distributed  in 
the  ecosystem,  and  on  the  eflects  of  abiotic 
factors  on  productivity  and  species  success. 

Living  Marine  Resources:  Description 

The  number  of  different  categories  (families, 
genus,  species)  of  marine  animals  reported  in 
world  harvest  d^ta  is  well  over  a  thousand. 
Because  some  species  are  not  reported  and  some 
•lot  yet  exploited,  the  total  Ambers  of  marine 
species  that  might  enter  the^fiarvest  would  number 
in  tens  of  thousands.  abbreviated  list  of 
spccico  groups  used  by  FAO  (the  U.H.  Food  and 
Agriculture  Organization)  to  report  Aandinps  is 
given  in  Table  7-2.  Most  of  the  species  are  rare  or 
sparsely  distributed  and  do  not  form  a  resource 
significant  enough  for  harvest.  Off  New  England, 
for  example,  there  are  about  200  species  of  fish, 
of  which  only  30  contribute  3.000  or  more  metric 
tons  each  per  year  and  in  total  amount  to  95 


percent  of  the  landings.  The  laiijest  part  of  the 
fishery  resource  is  located  on  or  above  the  conti- 
nental shelf  out  to  a  water  depth  of  150  fathoms. 

Ev?n  the  species  that  do  provide  high  yields  are 
not  on  the  average  very  d^;isely  distributed.  Adult 
demersal  fish,  those  assuciated  closely  with  the 
bottom,  average  about  one  individual  per  cubic 
meter.  Pelagic  fish  also  average  about  one  per 
cubic  meter.  These  adult  fish  range  from  0.1  to 
100  kg  in  size.  Zooplankton,  the  small  animals 
that  drift  in  the  water  column,  average  about  100 
individuals  per  cubic  meter  and  weigh  0.01  &rams 
or  less.  Almost  all  organisms  are  not  un^rmly 
distributed  and  tend  to  aggregate  in  dense  c6ncen* 
trations,  which  provide  the  basis  for  today's 
successful  fisheries. 

The  productivity  of  some  of  the  richest  areas  is 
based  on  a  variable  habitat  and  a  multispecies 
fauna.  Sustained  yields  of  from  3.0  metric  tons 
per  km^  of  surface  area  (northeast  Arctic,  New 
England  shelf)  to  5.0  (North  Sea)  have  been 
obtained  by  intensive  fisheries.  Most  of  the  shelf 
area  is  located  well  within  200  miles  of  the 
coastline. 

The  largest  share  of  the  marine  catch  (60 
percent)  in  1975  came  from  the  temperate  waters 
of  the  northern  Pactfic  and  Atlantic  oceans.  The 
catch  from  the  central  and  southern  zones  fol- 
lowed in  order  (Table  7-3),  The  north  tempcnte 
seas  have  laiige  areas  of  very  productive  shdf. 


TABLE  7-2 

M^jor  Species  Groups  Reported  in  World  Fishery  Landings  (FAO) 


FRESHWATEP  FISHES 
Carps,  barbels  ^nd  other  cyprinid 
Titapias  and  other  ctchlids 
Miscellaneous  freshwater  fishes 

D!ADR0h!OUS  FISHES. 
Sturgeons,  paddlefishes,  etc 
River  eels 

Salmons,  trouts.  smelts,  etc 
Shads,  milkfishes.  etc 
Miscellaneous  diadromous  fishes 

MARINE  FISHES 
Flounders,  halibuts,  soles,  etc 
Cods,  hakes,  haddocks,  etc 
Redfis'hes.  basses,  congers,  etc 
Jacks,  mullets,  saunes.  etc 
Herrings,  sardines,  anchovies,  etc 
Tunas,  bonltos.  btllfishes.  etc 
Mackerels,  snocks.  cutlassfishes.  etc 
Sharks,  rays,  chimaeras.  etc 
Miscellaneous  manne  fishes 


CRUSTACEANS: 
Freshwater  crustaceans 
Sea  spiders,  crabs,  etc. 
Lobsters,  spiny-rock  lobsters,  etc 
Squat  lobsters,  nephrops,  etc 
Shnmps.  prawns,  etc. 
Krili.  planktonic  crustaceans,  etc 
Miscellaneous  manne  crustaceans 

MOLLUSCS 

Freshwater  molluscs 

Abatones.  wmkles,  conchs.  etc 

Oysters 

Mussels 

Scallops,  pectens.  etc. 
Clams,  covkles.  arkshells.  etc. 
Squids,  cuttlefishes,  octopuses,  etc 
Miscellaneous  marine  molluscs 

WHALES.  SEALS.  AND  OTHER 

AQUATIC  MAMMALS 
Blue  whales,  fin  whales,  sperm 

whales,  etc. 
Mmke  whales,  pilot  whales,  etc 
Porpoises,  dolphins,  etc 
Eared  seats,  hair  seats,  walruses,  etc 
Miscellaneous  aquatic  mammals 


MISCELLANEOUS  AQUATIC 

ANIMALS: 
Frogs  and  other  amphibians 
Turtles  and  other  reptiles 
Sea  squirts  and  other  tunicates 
Horseshoe  crabs  and  other  arachnoids 
Sea  urchins,  sea  cucumbers,  and  other 

echinoderm 
Miscellaneous  aquatic  invertebrates 

MISCELLANEOUS  AQUATIC 

ANIMAL  PRODUCTS: 
Pearls,  mother-of-pearl,  shells,  etc. 
Corals 
Sponges 

Aquatic  bird  guano,  eggs.  etc. 

AQUATIC  PLANTS. 
Brown  seaweeds 
Red  seaweeds 

Green  seaweeds  and  other  algae 
Miscellaneous  aquatic  plants 
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TABLE  7-a 
Marine  FUierics  Catch  by  Area,  1975 

{MtiiUms  of  metric  tons) 


Atlantic 

Pacific 

Total 

North 

15.9 

19,3 

35.2 

CenlraJ 

6.4 

9.3 

15.7 

South 

3.4 

4.9 

8.3  ♦ 

Total 

25.7 

33.5 

59.2 

and  the  intensity  of  fishing  has  been  very  great  as 
well.  These  areas  border  the  industrialized  coun- 
tries, which  have  developed  strong  coastal  fishing 
fleets.  Initial  expansion  of  longnlistance  fishing 
fleets  took  place  in  the  north  Atlantic  area. 

The  same  countries  comprised  the  10  leading 
fishing  nations  fi^om  1970  to  1975  (Table  7-4).  The 
top  two,  Jftpan  and  the  U.S.S.R.,vhave  the  largest 
catches  from  nonhome  waters;  Cuba  has  the 
lari^est  proportion  of  distant  water  catches.  The 
10  teaders  take  44  mmt,  or  about  63  percent  of 
thc^otal.  The  Republic  of  South  Korea  has  the 
largest  relative  increase  in  catch  since  1970,  more 
than  double,  followed  by  Cuba  (1.6  times)  md 
Denmark  (1.5  times). 


TABLE  1-4 

Catch  by  Continent  and  Leading  Countries,  1975 

{Millions  of  metric  tons) 


Rank 

oflO 
Highest 


Catch 


Afnca  4  5 

South  Africa  ]J 

N.  America  4.8 

Canada  1  0 

5  U.S.  2  8 

South  Amenca  6.0 

Chile  1.1 

4  Peru  3  4 

Asia  30  7 

8  South  Korea  2.1 
Philippines  I  3 
Thailand  !  4 
Socialist  Republic  of  Vietnam  I  0 

3  China  6  9 
7           India  2  3 

Indonesia  1 .4 

I  Japan  10.5 

Europe  12  6 

9  Denmark  t.8 

4  Norway  2  6 

10  Spain  t.5 
a         U.S.S.R.  9  9 


Twenty  countries  exceeded  I.O  mfllion  metric 
tons.  Chile  and  Pferu,  notably,  depend  on  one 
species,  the  anchovetta,  the  fishery  which  failed 
in  1972  and  has  not  yet  recovered.  South  Africa 
(pilchard  and  anchovy)  and  Norway  (capclin)  are 
heavily  dependent  on  one  n^ain  fishery.  The 
remainder  are  rather  well  diversified.  ^ 

Much  of  the  world  tatch  is  taken  in  or  near 
home  waters.  The  long-distant  fleets,  however, 
have  been  important  to  many  countries,  both 
traditionally  (Spain,  Pbrtugal)  and  in  the  l^ht  of 
recent  developments  (e.g.,  Japan,  U.S.S.R., 
Cuba,  Poland,  Korea). 

The  leading  species  group  in  1975  catches  was 
the  herrings-sardines-anchovies  group,  which  has 
traditionally  been  at  the  top  but  has  dropped  from 
44  to  30  percent  of  the  10  leading  species  groups. 
The  co^HRKm&ddock  species  group  is  a  close 
secopC^together  the  two  groups  accoQnt  for  about 
40  /ercent  of  the  total  catch  (Table  7-5).  The 
hejfrings  group  is  utflized  to  a  laige  extent  for  fisl^^ 
m^  and  oil.  The  cods  are  almost  totally  used  for 
direct  human  consumption.  The  -dfishes  and 
jacks  catches  have  increased  more  th^ :  ♦he  others 
since  1970. 

The  total  1975  catch  in  U.S.  continental  shelf 
areas  was  about  5.8  mmt,  the  foreign  catch  in 
these  waters  about  3.0  mmt.  The  U.S.  consumes 
most  of  its  catches  in  the  United  States  and 
imports  about  70  percent  of  its  total  fish  consump- 
tion, in  this  respect,  it  is  unique  in  the  world. 
Almost  ail  of  the  U.S.  catch,  except  tuna,  is  taken 
from  the  U.S.  continental  shelf. 

Living  Marine  Resources:  Potential 

Several  aspects  of  living  marine  resources  are 
of  prime  importance  for  projecting  their  use  and 


TABLE  7^ 

Leading  Species  Groups  in  WorW  Catch,  1970 
and  1975 


{Millions  of  metric  tons) 
1970 


1975 


Hemngs,  sardines,  anchovcs  21.6  13.7 

Cods,  hakes,  haddocks  ]0.5  11  8 

Redfishes,  basses,  congers  3  9  5,0 

Mackereli,  cutlassfishes  3.1  3.6 

Jacks,  mullets,  sauries  2.6  3.5 

Salmons,  trouts,  smelts  2.!  2.8 

Tunas,  bomtos.  billfishcs  2  0  1.9 

Shnmps,  prawns  lO  1.2 

Squids,  octopuses  0.9  I  I 

Flounders,  halibuts,  soles  13  M 

Total  49  0  45.7 
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productivity.  First,  they  are  renewable  resources 
and  have  the  potential  for  continuing  pixxluctivity. 

The  harvest  of  this  productivity  is  based  on  the 
axiom  that  the  net  natural  rate  of  growth  is 
changed  when  population  magnitude  changes.  In 
particular,  when  population  magnitude  decreases 
from^^^irgin  levels,  the  rate  of  growth  increases 
and  the  i.et  increase  provides  the  suii>ius  yield  for 
harvest.  The  rate  of  growth  is  limited,  however, 
being  at  its  maximum  in  the  midrange  of  density 
levels,  which  limits  surplus  yield. 

Between  the  existing  populations  of  marine 
plants  and  animals  and  their  environments  an 
intricate  balance  has  evolved,  based  on  feedback 
mechanisms  that  provide  the  optimal  reactions  of 
populations  to  the  natural  ecological  variations. 
The  populations  have  co-evolved  with  4.  wide 
range  of  natunU  changes  and  are  adapted  to  them. 
In  terms  of  our  span  of  time,  ''What  is  past  is 
prologue.*'  We  do  not  understand  the  system  well 
enough  to  predict  the  possible  changes.  Neverthe- 
less, we  can  be  cordSdent  the  populations  will 
maiiitain  themselves  in  varyii^  composition  but 
with  generally  the  same  productivity.  Marine 
animals  have  not  co-evolved  wUh  man,  and  our 
interventions  cause  changes  which  are  potentially 
very  different  from  those  experienced  by  the 
natural  system  and  for  which  the  populations  do 
not  have  the  appropriate  built-in  feedj^k.  Man  is 
not  sensitive  to  the  effects  of  such  changes.  Our 
technology  has  developed  to  the  point  where  we 
can  drive  the  ecosystem  into  a  disequilibrium 
from  which  recovery  is  unpredictable.  The  control 
we  n6w  exert  in  managing  the  populations  is 
based  entirely  on  a  pervasive  and  intense  fishing 
mortality  that  significantly  alters  population  mag- 
nitude. The  feedback  is  entirely  through  our 
observation  of  effects  and  our  reactions,  both  of 
which  are  constrained  by  an  economics  totally 
independent  of  the  m^ne  biosphere.  The  time 
span  of  changes  in  the  ecosystem  is  probably 
quite  out  of  phase  with  human  desires.  Our 
concepts  of  optimality  are  very  different  from 
nature *s,  and  our  ignorance  of  the  natural  system 
is  very  great.  Thus,  man's  continuing  activities  in 
the  marine  ecosystem  means  that  maintaining  the 
potential  productivity  in  the  long  run  is  problemat- 
ical, and  reduced  productivity  in  the  short  run  is 
most  likely.  A  significant  example  of  this  aspect  is 
the  geopolitical  U'eatment  of  the  resources. 

Living  marine  resources  are  globally  considered 
\  as  a  common  property  to  be  held  and  managed  in 
)  perpetual  trust.  The  scope  of  commonality  is  a 
variable  factor  and  recently  has  been  defined  in 
terms  of  extended  coastal  jurisdictions.  Division 
by  national  bcunJaries  is  totally  artificial  with 


ERLC 


respect  to  the  resource  and,  to  a  lesser  exunt,  the 
same  is  true  of  the  offshore  limits.  Because  of 
differing  concepts  of  optimality  and  management, 
national  objectives  may  be  quite  differently  per- 
ceived, even  for  the  same  population.  This  tends 
to  further  exacerbate  the  harmony  between  man 
and  nature  that  is  essential  for  continued  s^iXl 
optimal  utilization  of  the  resource.  This  is  critical 
at  present  with  respect  to  the  effects  of  fishing  but 
perhaps  even  more  critical  in  the  future  with 
respect  to  pollution  and  other  man-made  changes 
in  the  marine  environment. 

Up  to  this  time,  a  natural  environment  has  been 
assumed  when  studying  and  estimating  the  pro- 
ductivity of  marine  resources.  This  assumption 
can  no  longer  be  maintained.  This  creates  even 
greater  difBculties  in  understanding  the  underiying 
natural  processes  than  those  experienced  injhe 
past.  The  effects  of  man's  changes  in  the  environ- 
ment are  much  more  subtle,  at  least  initiaUy,  than 
those  of  the  fisheries.  They  are  also  probably 
longer  lasting.  Hence,  detection  of  their  effects 
(and  subsequent  correction)  will  come  through  a 
very  much  delayed  and  dampened  feedback.  So 
much  so,  that  it  may  be  useless  to  attempt 
management  on  the  basis  of  detection  and  correc* 
tion.  At  any  rate,  the  uncertainties  create  great 
difficiilties  in  projecting  the  luture  course  of 
events. 

Productivity  of  the  living  marine  resources  has 
been  estimat^  using  two  general  methods.  One  is 
based  on  estimating  primary  productivity,  the 
production  of  protoplasm  or  carbon  by  photosyn- 
thesis and  then  extrapol^ing  the  conversion  of 
this  eneigy  upwards  through  the  food  chain.  It 
can  start  with  estimates  of  sunlight  entering  the 
oceans,  with  estimates  of  the  standing  crop  of 
phytoplankton  (chlorophyll),  with  estimates  of  the 
fixation  of  carbon,  or  some  combination  thereof. 
Beyond  this  empirical  base,  the  extrapolations 
into  production  of  other  elements  in  the  food 
chain  are  based  on  theoretical  assumptions* 
backed  by  some  experimental  work,  of  the  con- 
versior.  coefficients  between  trophic  layers.  The 
estimates  of  potential  depend  to  a  great  extent  on 
definition  of  the  trophic  layers  or  the  group  of 
species  from  which  the  yield  is  to  be  obtained. 
These  decisions  or  judgments  can  change  esti- 
mates by  factors  of  from  10  to  100.  It  is  not 
always  clear  what  is  assumed  or  what  animals  are 
included  in  the  different  levels.  The  other  ap- 
preach  utilizes  observations  of  actual  fishery 
yields  and  field  surveys  of  Jie  resources. 

Most  of  the  ocean  areas  that  are  productive  of 
fishery  resources  have  bten  exploited  to  some 
degree.  Potential  can,  therefore,  be  usefully  esti- 
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mated  by  examining  the  available  statistics  and 
extrapolating  therefrom.  Lack  of  accurate  reports 
limits  the  accuracy  of  such  estimates  of  course,  as 
does  the  inference  that  past  performance  reflects 
future  potential.  Where  only  surveys  of  standing 
stock  are  available,  assumptions  about  the  annual 
turnover  rate  must  be  made,  similar  to  the  tropho- 
dynamic  approach. 

In  both  approaches,  the  overall  world  total 
potential  is  the  most  precise,  since  the  sum  of 
regional  and  species  estimates  may  average  out 
the  errors  of  estimate.  The  regional  estimates  will 
change  in  accuracy  in  relation  to  the  amount  of 
data  and  analyses  available.  On  the  other  hand, 
once  certain  types  of  areas  are  defined,  and 
estimates  of  production  per  unit  area  are  obtained 
for  some,  exU^apolation  to  the  total  becomes  more 
meaningful.  The  trophodynamics  approach  utilizes 
this  feature  more  successfully  than  the  fishery 
approach  because  it  does  not  depend  on  the 
vagaries  of  historical  exploitation  patterns.  The 
trophodynamic  estimates  tend  to  be  greater  than 
the  fishery-based  estimates.  The  former  is  estimat- 
ing a  resource  potential  that  includes  the  total 
organic  biomass  in  arbitrary  categories  and  is  less 
restained  by  the  implications  of  practical  and 
feasible  fisheries.  Thus,  the  estimates'  potential 
are  likely  to  be  biased  upward  in  relation  to  what 
may  be  achieved,  lliey  may  be  biased  upward 
also  because  the  efficiency  of  transfer  of  energy 
may  be  less  than  assumed  when  the  populations 
are  being  selectively  fisned,  although  this  is  a 
currently  debated  issue. 

The  fishery-based  estimates  have  increased  with 
time.  This  is  characteristic  of  trend  extrapolation 
methods.  The  very  recent  experience  of  fisheries, 
however,  has  led  to  less  optimism  about  the  total 
extraclable  amounts  of  living  marine  resoun:es. 
Many  of  the  estmiates  have  been  made  to  promote 
fishery  development  by  stressing  the  fact  that 
more  is  available.  But  outside  of  this  aspect,  some 
estimates  assume  that  past  trends  could  be  simply 
,  linearly  extrapolated  in  time  and  that  laws  of 
diminishing  returns  (limits  of  biological  productiv- 
ity) would  not  apply  for  some  time  to  come.  The 
more  specific  estimates  were  often  based  on  the 
concept  and  method  of  maximum  sustainable 
yield.  Many  of  these  calculations  were  based  on 
data  from  rapidly  developing  fisheries  that  were 
not  stabilized  to  the  extent  needed  for  accurate 
estimates  and,  because  of  the  opportunistic  nature 
of  fisheries,  were  based  on  short-term,  above- 
average  population  magnitudes.  Some  animal  pop- 
ulations do  cycle.  Fisheries  are  seldom  started  at 
population  lows.  Improved  technology  has  »lso 
masked  real  declines  in  populations,  hut  the 


possible  improvements  are  limited  and  the  de- 
clines have  become  increasingly  apparent  in  re- 
cent years.  It  has  also  become  apparent  that 
previously  observed  highs  in  cycles  cannot  neces- 
sarily be  achieved  again  after  intense  exploitation. 
That  is,  the  potential  for  a  population  to  react  to 
favorable  environment  is  lessened  after  a  high 
mortality  has  been  exerted  upon  it,  at  least  within 
the  time  spans  of  10-20  years,  within  which  the 
m^ority  of  intense  fisheries  have  been  developed. 
This  may,  in  pairt,  be  caused  by  species  changes 
triggered  by  the  selective  exploitation. 

Relations  among  species  have  not  explicitly 
been  included  in  most  of  the  estimates  of  poten- 
tial. It  is  documented  that  shifts  have  taken  place 
in  some  intensely  exploited  areas  (California 
coast,  sardine  and  anchovy;  North  Sea,  multiple 
species).  It  has  been  observed  that  the  replace- 
ment populations  tend  to  be  of  the  smaller  sized, 
shorter-lifespan  species  In  some  cases,  yield  has 
been  maintained,  but  often  at  the  expense  of 
heavier  fishing.  In  other  cases,  yield  has  def- 
creased,  perhaps  because  the  species  was  less 
desirable.  % 

In  any  evenf  although  it  1  as  been  the  case  that 
fishing  has  been  directed  at  certain  desired  spe- 
cies, it  has  also  been  the  case  that  the  gear  has 
not  been  selective  enough.  The  unselective  mor- 
tality has,  in  many  cases,  been  directed  at  large 
biomass  populations,  partly  because  of  the  devel- 
opment of  long-distant,  lajge-vessel  fleets,  but  it  is 
also  due,  in  cdastal  fisheries,  to  the  high  economic 
returns.  In  any  mixed  species  population,  which 
not  by  accident  occurs  in  most  productive  areas, 
the  fishing  mortality  exerted  on  the  smaller  bio- 
mass species,  often  inadvertently,  is  greater  than 
that  which  will  maximize  long-run  yields.  Thus,  in 
general,  total  area  yield  has,  in  many  cases, 
proven  to  be  less  than  estimates  based  on  individ- 
ual species  assessment.  In  addition  to  these  fac- 
tors, many  estimates  iiiclude  organisms  that  have 
not  yet  been  subjected  to  exploitation  and  are  in 
the  so-called^Jowef  trophic  levels. 

The  potential  of  these  populations  is  often 
estimated  by  multiplying  upward  from  an  inverted 
conversion  coefficient  the  consumption  by  preda- 
tor populations.  Predator  and  prey  cannot  be 
simply  added  together.  Also,  it  is  not  obvious  that 
what  was  consumed  by  predators  in  the  system  is 
available  to  man  either  from  an  ecological  view- 
point or  from  a  practical  technical  viewpoint. 

Most  published  studies  agree  that  the  north 
temperate  areas  of  both  the  Atlantic  and  Pacific 
Oceans  are  now  being  fished  to  the  full  potential. 
This  corresponds  to  the  belt  of  highly  industrial- 
ized nations  which,  with  few  exceptions,  are  the 
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world  leaders  in  fishing.  The  central  and  southern 
sectors  of  fishefies  have  been  developing  piimarily 
through  longHitstance  fleet  expansion,  and  the 
potential  is  probably  greater  than  present  catch— 
more  so  for  the  southern  temperaCe  Atlantic  and 
the  central  Pacific  region  than  the  other  regions. 
The  total  increased  yield  from  lightly  exploited 
areas  has  been  estimated  at  3(>-50  million  tons. 
The  species  available  strongly  influ^e  the  devel- 
opment of  fisheries.  Thus,  the  estmiated  increase 
in  potential  yield  over  current  yiel(N§/made  up  of 
hakes  in  the  southwest  Atlantic  and  croakers  and 
"smml  pelagics  in  the  central  zones.  Some  increase 
in  cephalopod  yield  has  also  been  predicted. 

Explcation  for  krill  in  the  Antarctic  Ocean 
f(\tlantic  sector  primarily)  is  now  underway.  The 
potential  has  been  estimated  by  various  authors  at 
25-lOD  million  metric  tors.  Doubtless  the  popula- 
tion is  large,  but  there  are  many  unanswered 
questions.  Do  these  euphausiids  undergo  cycles  of 
density,  and  is  a  present  high  what  is  attracting 
attention?  Will  the  present  turnover  rate  continue 
as  fishing  mortality  increases?  Will  this  interfere 
recovery  of  whale  populations?  The  answers 
.  available .  The  more  recent  comprehen- 
estimates  and  the  better  defined 
trophodynaniic  estimates  provide  a  range  of  po- 
tential of  100-150  mmt. 

The  yields  of  traditional  species  in  the  more 
heavily  exploited  areas,  which  are  included  in  the 
estimates,  have  not  held  up  in  recent  years.  In 
many  area!.,  the  so-called  nontraditional  species 
are  already  being  harvested  (e.g.,  capelin  and 
squid  in  the  north  Atlantic)  at  maximal  levels. 
Thus  much  of  the  hypothesized  expansion  is  jn 
fact  a  replacement  yield  and  is  not  additional  in 
terms  of  potential  to  the  present  yields.  In  addition 
to  the  ecological  constraints  on  estimates  of  poten- 
tial, the  more  practical  constraints  of  society 
(economics,  technology,  management)  will  surely 
reduce  the  ability  to  ut  lize  what  has  been  esti- 
mated as  future  potential  expansion.  For  example, 
the  most  efficient  fishing  operation  at  present  will 
average  50  tons  per  day  in  good  conditions.  The 
same  efficiency  applied  to  zoopl'^nkton  would 
average  much  less  than  half  a  ton  per  day. 

These  considerations  lead  to  the  conclusion  that 
the  present  world  harvest  of  marine  fish  of  about 
60  mmt  will  not  increase  on  a  sustained  basis. 
Furthermore,  it  will  only  be  maintained  with  good 
management  of  fisheries  and  protection  of  the 
marine  environment.  The  total  world  harvest  of 
marine  renewable  resources,  based  on  exploiting 
natural  production,  could  be  increased  substan- 
tial., by  the  year  2000,  perhaps  to  as  much  as  100 
mmt.  To  achieve  this,  however,  will  require 


overcoming  severe  social  and  economic  con- 
straints. Development  will  havd  to  be  carefully 
plaimed  so  that  the  balance  and  equilibrium  of  the 
marine  ''ecosystem  are  not  radically  perturbed. 
There  is  not  enough  information  to  evaluate  the 
real  possibilities  cf  sustained  increases  in  yields, 
to  say  nothing  of  their  practicality. 

Marine  Pollution 

Industrialization,  whicli  is  heaviest  in  the  North- 
em  Hemisphere,  is  now  introducing  pollutants 
into  the  oceans  in  quantities  which  are  beginning 
to  cause  significant  deleterious  effects  on  re- 
sources and  the  environment.  The  important 
coastal  zones  are  being  changed  at  ^ver  increasing 
rates  to  the  detriment  of  natural  resource  produc- 
tivity. 

Worldwide  attention  to  this  process  is  attracted 
by  the  more  spectacular,  acute  events  that  have 
direct,  but  short-term,  effects  on  man  (^arge  oil 
spills  that  affect  beaches,  heavy  metal  injections 
that  poison  people).  The  more  important  effects, 
however,  stem  ft-om  the  largely  unnot'ced,  and 
undetected,  chronic  low-level  pollution.  Because 
most  pollutants  fall  in  the  latter  category  and  do 
not  gf*nerate  public  outcry,  the  general  attitude  is 
to  consider  the  oceans  as  an  important  resource 
to  be  utilized  in  disposing  of  the  wastes  of  man. 
This  utilization  requires  the  identification  of  sub- 
stances that  jeopardize  marine  resources  and  hu- 
man health  and  the  determination  of  acceptable 
levels — an  extremely  slow  process  because  the 
pathways  and  effects  are  extremely  complex  and 
long-term.  I>e!nonstrable  threats  to  marine  re- 
sources are  seldom  available  within  time  spans 
that  could  effectively  stop  the.  pollution  piior  to 
adverse  accumulations.  \ 

The  residence  time  in  the  oci^s  of  the  pollu- 
tants is  minimally  a  matter  of  tJecades,  but  in- 
creases to  centuries  or  greater  i^^a  hjjsf^oT^^ 
substances.  The  process  of  transport  to  tKe  ocean 
and  accumulation  to  detectable,  but  not  necessar- 
ily ineffectual,  levels  is  also  in  ntkny  cases  a 
matter  of  decades  or  centuries. 

How  a  given  material  will  affect  components  of 
the  ocean,  and  how  much  of  a  substance  or 
habitat  modification  jeopardizes  a  resource  re- 
quires an  ability 'Ho  predict  events  in  the  ocean^ 
This  in  turn  requires  a  knowledge  of  the  natural 
processes  in  the  undisturbed  system.  It  is  highly 
problematical  that  such  knowledge  will  be  accu- 
mulated rapidly  enough  to  detect  and  correct 
adverse  effects. 

Productivity  of  marine  resources  can  be  re- 
duced by  destruction  or  change  of  habitat  as  well 
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as  by  bio-accumulation  of  chemicals,  most  notably 
.  in  the  coastal  zones  of  industrialized  countries, 
Estuarine  areas  are  highly  productive,  and  are  an 
important,  and  limiting,  factor  in  the  life  cycles  of 
many  species  of  fish  and  shellfish.  Atmospheric 
transport  of  pollutants  is  also  affecting  the  open 
ocean  environment  far  fix)m  the  sites  of  direct 
.  dischai^ge  and  origin.  Man's  emissions  into  the 
atmosphere  are  now  at  least  about  10  percent  of 
the  naturally  occurring  flux. 

Most  of  man's  activities  lead  to  pollution  and 
physical  change  of  the  environment.  Most  of  these 
changes  must  be  viewed  as  potentially  reducing 
natuhal  productivity.  It  is  only  in  physically  re- 
stricted areas,  under  controllable  and  pi^ictable 
situations,  that  man  can  increase  productivity. 
Because  such  areas  are  limited,  pollution  of  the 
oceans  at  increasing  rates  will  likely  have  the 
effect  of  reducing  overall  yields  of  marine  re- 
sources. 


Marine  Aquaculture 

Aquaculture^  defined  as  the  culture  or  husban- 
dry of  aquatic  organisms  in  fi-eSh  or  salt  water, 
yielded  an  estimated  6  mmt  of  food  in  1975— 
roughly  10  percent  of  the  world  production  of 
fishery  products.  Yields  fi-om  aquaculture  doubled 
in  the  period  1970-1975;  much  of  the  increase  was 
in  high-unit-value  species  in  industrialized  coun- 
tries. Some  countries  now  depend  on  aquaculture 
for  a  significant  part  of  fish  and  shellfish  produc- 
tion. Japanese  aquaculture  production  increased 
fivefold  (to  500,000' metric  tonsHn  the  period 
1970-1975,  while  Israel  now  dei%|  almost  half 
its  finfish  fi-om  aquaculture.  United  States  aqua- 
culture production  in  1975  was  only  65,000  metric 
tons,  about  3  percent  of  U.S.  fish  and  shellfish 
landings,  but  this  limited  amount  stil)  constituted 
(in  1975)  about  a  quarter  of  our  salmon  produc- 
tion, about  two-fifths  of  our  oyster  production, 
and  about  half  of  our  catfish  and  crawfish  produc- 
tion. 

There  is  cause  for  reasoned  optimism  when 
considering  increased  food  production  fi-om  aqua- 
culture. Despite  institutional,  economic,  environ- 
mental, and  technological  constraints,  global 
yields  are  increasing.  Intensive  culture  of  high- 
unit-value  species— such  as.pen-rearing  of  salmon 
and  raceway  cuU)|re  of  shrimp--is  approaching 
the  point  of  econohiic  feasibility,  and  extensive 
culture  of  animals  that  utilize  very  shd  food 
chains^uch  as  oysters,  mussels,  and  mullet- 
has  the  potential  for  enormous  expansion  with 
existing  technology.  The  1976  FAO  Worid  Confer- 


ence on  Aquaculture  concluded  that  even  with 
existing  technology  a  doubling  of  world  food 
production  firom  aquaculture  will  occur  within  the 
next  decade  and  that  a  5-10  fold  increase  by  tl)e 
year  2000  is  feasible  if  the  necessary  scientific, 
financial,  and  organizational  support  becomes 
available. 

Development  of  energy-intensive  high-technol- 
ogy culture  of  species  requiring  high-protein  diets 
will  undoubtedly  continue  in  the  next  two  dec- 
ades, especially  in  industrialized  countries,  but 
substantial  production  of  herbivorous  species  in 
natural  waters— designed  to  yield  relatively  low- 
cost  animal  protein — should  expand  even  more 
rapidly,  particulariy  in  less  developed  countries, 
and  particulariy  in  tropical  and  subtropical  areas 
with  year-round  growing  season.  An  important 
role  of  industrialized  countries  will  relate  to  im- 
provement of  the  technology  required  for  exten- 
sive culture  production  of  inexpensive  animal 
protein  in  less  developed  parts  of  the  world  by 
such  methods  as  genetic  selection  for  high  food- 
conversion  efficiency  and  rapid  growth,  testing  of 
low-cost  diets  from  natural  pncxlucts,  and  training 
of  technicians.  The  role  of  aquaculture  in  inte- 
grated rural  development,  through  provision  of 
better  diet,  jobs,  and  cash  crops,  can  be  significant 
in  less  developed  countries.  Aquaculture  there 
would  be  primarily  in  the  form  of  small-scale, 
low-technology,  labor-intensive  operations. 

The  potential  of  ocean  ranching — not  only  of 
anadromous  species,  but  also  of  coastal-migratory 
species— will  be  exploited  within  the  next  two 
decades,  and  substantial  increases  in  yields  (as 
well  as  augmentation  of  fished  stocks)  can  be 
expected  in  proportion  to  public  and  private 
investment  in  this  approach  to  fish  production.  An 
important  qualifying  comment  here  would  be  the 
need  for  consideration  of  impacts  of  introduced 
populations  on  natural  stocks,  and  the  need  to 
determine  and  consider  the  total  carrying  capacity 
of  the  ocean  areas  involved. 

Expansion  of  food  production  through  aquacul- 
ture must  be  a  matter  of  national  policy  and 
national  priority — much  as  the  expansion  of  dis- 
tant-water fishing  fleets  was  in  many  countries 
(particulariy  the  socialist  countries  with  piannned 
economies)  during  the  1960s.  Included  in  such 
policy  would  be  improvement  in  the  technological 
base,  development  of  legal  protection  for  aquacul- 
ture enterprises,  control  of  coastai/estuarine  pol- 
lution, and  encouragement  of  capital  investment. 
With  increasing  restrictions  on  harvests  from 
continental  shelf  waters  of  other  nations,  the 
aquaculture  option  should  become  much  more 
attractive  as  a  protein  food  source. 
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Economic  Demand 

Projection  oi  past  trends  in  landings  into  ihe 
future  assumes  that  costs  oi  harvesting  increasing 
quantities  of  fishery  products,  acfjusted  for  infla- 
tion, will  not  rise  more  rapidly  than  in  the  past. 
This,  in  turn,  suggests  a  whole  host  of  other 
assumptions  about  fishery  technology,  species 
abundance,  and  patterns  cS  fishery  management. 
World  forecasts  (rften  ignore  geographical  differ- 
ences in  population  and  income  growth  and  the 
effects  of  these  different  rates  of  growth  on  world 
demand  for  fishery  products. 

In  an  effort  to  overcome  some  of  these  difficul- 
ties. FAO  in  19^''  attempted  to  estimate  the 
income  elasticity  cf  demand  for  world  fishery 
products  and  to  project  the  demand  for  food  fish 
to  1975  and  1965  on  the  basis  of  1%9  FAO 
expectations  about  world  population  and  income 
trends  (Table  7-6).  The  FAO  approach  assumed 
*^  demand  for  food  fish  would  grow  with  world 
income,  but  not  at  the  same  rate  as  world  income. 
Thus,  for  example,  U.S.  and  Canadian  demand 
for  food  fish  would  be  expected  to  increase  20 


percent  for  every  100  percent  growth  in  income, 
Asian  demand  to  increase  109  percent  for  eviry 
100  percent  growth  in  income,  and  so  on.  These 
estimates  depend  upon  the  rather  awKward  as- 
sumption of  constant  prices  for  fishery  products. 

In  its  world  projection  to  1965,  FAO  estimated 
the  demand  for  industrial  fish  separately,  assum- 
ing that  the  demand  for  industrial  fish  was  func- 
tionally related  to  the  demand  for  poultry  and 
hogs.  Demand  of  fish  meal  for  poultry  ami  hog 
production  was  estimated  to  grow  at  a  higher  rate 
for  the  period  1965-1975  than  for  1975-1965,  so 
the  growth  progression  was  a  step  function. 

Any  long-term  forecast  is  bound  to  present 
numerous  difficulties,  but  the  FAO  method  poses 
some  special  problems.  The  greatest  drawback  to 
the  FAO  estimation  procedures  is  their  lack  of 
adjustment  for  possible  price  changes,  their  use  of 
unchangiiig  country  by  country  income  elasticity 
coefficients  for  the  time  of  their  forecast,  their 
failure  to  disaggregate  by  species,  and  the  lack  of 
explanatory  information  on  their  derived  demand 
equations  for  iridustrial  fish. 


TABLE  7-6 

1970  FAO  Projectkm  of  Demand  for  Fish  Meal,  1975  and  1985 


(Thousands  of  metric  tons,  product  weisfht) 

1975  1985 


Consumption 
l%l-^3 

Projected 
Rate  of 
Increase 

{percent  per  year) 

Projected 
Demand 

Projected 
Rate  of 
Increase 

(percent  per  year) 

Projected 
Demand 

ImSustrialized  countries 

2,408 

4.5 

4.250 

36 

5.390 

North  America 

668 

28 

960 

2.4 

1.140 

Europe 

EEC 

734 

4.4 

1.280 

35 

1.620 

Northwest  Europe 

517 

4.1 

870 

3  1 

1.040 

South  Europe 

t04 

85 

300 

6.7 

460 

Other  industrialized  countnes 

JafMui 

340 

5.8 

710 

46 

960 

Others 

45 

85 

130 

5.9 

170 

Centrally  planned  countries 

231 

II  2 

920 

86 

1.550 

USSR. 

119  • 

11.0 

460 

92 

900 

Other  European  countnes 

112 

11.5 

460 

79 

630 

.  China 

Other  Asian  countries 

Less  developed  countnes 

221 

83 

620 

89 

^560 

Latin  America 

310 

710 

Africa,  South  of  Sahara 

30 

130 

Near  East 

60 

130 

Asia 

220 

590 

Worid  Total 

2.860 

5.6 

5.790 

4.9 

8.500 

Meal  from  offal 

230 

6.2 

500 

66 

1.000 

Demand  for  meal  from  fish 

2. MO 

5.5 

5.290 

47 

7.500 

Demand  for  Tish  for  meal 

13.150 

5.5 

26.450 

4.7 

37.500 

Nott  To  coavcfl  the  ^tmmi  for  meal  from  (Ish  to  the  demaAd  for  flth  •  converuofi  factor  of  5  n  utcd.  i  e  .  M  ii  uiumvMl  that  5  ton*  of  flUi  make  I  ton  of  meal 


Somnt  Food  aad  Ayic^iHural  Orpmimkm,  frovtiMnai  Indttat.vt  World  Fian  for  AgrUultural  lUvfiopmfni.  Rome.  1970 
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In  1970  Frcoerick  W.  Bell  et  al.  sought  to 
overcome  several  of  the  cited  disadvantages  of 
the  FAO  projection  methodolc^y.  The  Bell  group 
undertook  to  estimate  price  and  income  elasticity 
of  demand  by  species  (Table  7-7)  and  by  m^of 
consuming  country  for  the  years  1975.  1985. 
and  2000.  Incorporated  into  the  Bell  analysis 
wy^an  assumed  decline  in  the  income  elasticity 
of/demand  for  food  fish  for  the  world  starting  at 
0.68,  in  1965,  but  declining  to  0.22  by  1985,  and 
leveling  out  at  about  that  point.  This  is  in  compar- 
ison with  the  FAO  estimate  which  remains  at  0.68 
throughout  their  projection.  The  Bell  group  as- 
sumption of  a  declining  income  elasticity  is  based 
upon  the  empirical  observation  that  in  general 
ncher  countries  consume  less  fish  per  capita  (Fig. 
7-2). 

The  Bell  group  also  incorporated  into  their 
model  selective  assumptions,  /on  a  species  by 
species  basis,  about  supply  constraints.  Their 


model  predicted  price  increases,  sometimes  sub- 
stantial increases.  The  FAO  group  did  not  attempt 
this,  so  the  two  forecasts  are  somewhat  different 
in  their  intent.  FAO  sought  to  forecast  what  the 
workJ  demand  would  be  if  prices  did  not  change, 
while  the  Bell  group  attempted  to  forecast  what 
work!  prices  and  quantity  demand  would  be  if 
resource  scarcities  developed  as  expected. 

Beca  .se  the  Bell  Group  attempted  more  than 
FAO.  there  were  more  places  where  their  forecast 
could  go  awry.  Interestingly  enough,  both  fore- 
casts came  out  about  the  same  for  the  1975 
predictions,  and  both  were  higher  than— but 
relatively  close  to— the  actual  landing  of  69.7 
mmt  (FAO  had  predicted  74.1  mmt,  the  Bell 
Group  74.0).  Where  the  two  forecasts  diverge  is 
in  the  later  years.  For  1985,  FAO  predicted  a 
demand  of  106.5  mmt,  the  Bell  group  78.6.  For 
the  year  2000,  the  Bell  group  predicted  83.5  mmt: 
FAO  dki  not  make  the  projection. 


5*000 

f^r  cspttw  national  mconw  in  doUars 


Fipwt  7-2.  Per  cipita  national  income  v$  income  elasticity  of  fisheries  demand  m  77  countries 
{Frederick  W  Belh^  al ,  unpublished  manuscript.  1969) 
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TABLE  %■? 

1970  Ml  ct  al.  Projections  of  World  Acgregatc  Conaumptkm  of  Fishery  Produds,  1975-2000 

{Thousands  ofmelrU  Um\.  round  weiaht) 


■ 

1975 

1985 

2000 

Changes* 
1965-67 
to  2000 

{percent) 

Food  fish 

Groundfish  i 

6,368 

6,940 

5,761 

4,763 

Tuna 

1,291 

1,456 

l!615 

1 ,657 

28.4 

Salmon 

476 

481 

485 

485 

1.9 

Haiibut 

58 

58 

58 

58 

0 

Sardines 

871 

Z,J7U 

17a  1 

Shnmp 

634 

K066 

1,347 

1,479 

133.3 

Lobsters 

137 

174 

192 

145 

5.8 

Crabs 

328 

481 

517 

386 

17.7 

Clams 

478 

535 

626 

694 

45.2 

Scallops 

166  • 

236 

281 

322 

94.0 

Oysters  * 

777 

1,218 

1,755 

2,453 

215.7 

Other  fish 

25,086 

32,659 

41,504 

53,524 

113.4 

Total  food  fish 

36,670 

46.768 

55,989 

68,226 

86.4 

Fish  meat 

20,440 

27,170 

22,634 

15,196 

-25.7 

Total  (food  and  meal) 

57.110 

78,938 

78,623 

83,532 

46.3 

'Av«niieorM:tu«l 

Stfurtr  Frederick  W  Betl  ct  ti  .  The  Future  of  the  Wottd  %  Fis/ierv  Hesourres  (Nacionl  Manne  Fi«henes  Service.  File  Mamucnpc  No  65  1)  Dec.  1970 


These  predictions  comprise  the  best  available 
world  demand  estimates,  although  they  are  both 
out  of  date.  There  is  need  for  a  new  effort  in 
which  price  and  income  elasticities  are  re-esti- 
mated by  species  and  by  country,  and  revised 
maximum  sustainable  yield  and  other  supply  fac- 
tor calculations  are  introduced;  projections  should 
then  be  made  on  the  basis  of  contemporary 
estimates  of  country  by  country  population  and 
income  projections. 

The  FAO  projections  assumed  a  world  popula- 
tion growth  rate  to  198S  of  2. 1  percent  and  a  per 
capita  income  growth  of  3.2  percent.  The  Bell 
Group  assumed  a  1.7  percent  population  growth 


rate  to  2000  and  a  3.0  percent  growth  in  per  capita 
income. 

World  income  may  rise  3.2-4.1  percent  annually 
from  197S  to  1965,  depending  upon  whether  one 
accepts  the  low  or  the  high  growth  raic  assump- 
tion. From  1975  to  2000  tfie  low  projection  is  2.9 
percent  per  year  and  the  high  4.2  percent.  On  the 
basis  of  these  assumptions,  a  crude  adjustment  of 
the  FAO  projection  suggests  a  world  f^h  demand 
for  1985,  under  the  constant  price  assumption,  of 
92-9B  mmt  (as  opposed  to  FAO's  projected  106 
mmt).  A  parallel  adjustment  for  the  Bell  group 
study  suggests  72-76  mmt  for  1965  (as  o|qx>sed  to 
their  projected  78.6)  and  81--83  mmt  for  2000  (as 
opposed  to  their  projected  83.5). 
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Twenty-two  years  ago.  forests  covered  over 
one  fourth  of  the  world^s  land  surface.  Now 
forests  cover  one  fifth.  Twenty-two  years  from 
now,  in  the  year  2000,  forests  are  expected  to 
have  been  reduced  to  one  sixth  of  the  land  area. 
The  world's  forest  is  likely  to  stabilize  on  about 
one  seventh  of  the  land  area  around  the  year 
2020.* 

The  economic  implications  of  this  transition 
from  a  period  of  global  fcrcst  wealth  to  a  period 
of  forest  poverty  are  more  apparent  from  the 
expected  change  in  wood  per  capita.  The  world 
now  grows  about  80  cu  m  (cubic  meters)  per 
capita  of  wood  in  trees  large  enough  to  be 
commercially  valuable.  In  the  year  2000,  there 
will  be  only  40  .  cu  m  per  capita,  even  if  the 
deforestation  rate  stabilizes  now.  If  the  deforesta- 
tion rate  contini\es  to  increase  with  population 
growth*  there  v^'U  be  substantially  less  than  40  cu 
m  per  capita.t  Yet  by  the  year  2000,  GNP  is 
expected  to  have  increased  significantly  in  both 
the  mote  and  less  industrialized  nations.  In  the 


*Thc  estimates  of  forest  area  as  a  fraction  of  the  world's 
land  area  are  derived  as  follows  (reference^  are  to  works  in 
the  list  of  references  at  the  end  of  t'his  chapter,  unless  cited 
in  full).  The  forest  area  in  1950  was  4.85  billion  hectares, 
according  to  Whittaker  and  Likens.  That  figure  excludes 
woodland,  shnibland,  and  savannah.  The  forest  area  in  1973 
was  about  2.66  billion  hectares,  according  to  data  from 
Fenson  (1974),  tbe  Economic  Commission  for  Europe,  and 
J.  T.  Mickkwright  ("Forest  and  Rtnge  Resources  of  the 
United  Sutes  and  Factors  that  Effect  Their  Use/*  unpub- 
lished manuscript  prepared  for  the  8th  World  Forestry 
Congress.  Oct.  1978).  That  figure  refers  to  "closed  forest". 
For  the  United  States,  closed  forest  excludes  forest  land 
incapable  of  producing  more  than  1.4  cubic  meters  of 
industrial  wood  per  hectare  ^er  year.  For  Canada,  it 
excludes  land  incapable  of  producing  stands  of  trees  4 
inches  in  diameter  or  larger  on  10  percent  or  more  of  the 
area.  For  the  rest  of  the  world,  it  excludes  land  where  tree 
crowns  cover  less  than  20  percent  of  the  area  and  land 
which  has  a  primary  use  other  than  forestry.  Interpolating 
between  the  1950  forest  area  and  the  1973  area  suggests  that 
22  years  a^o  the  forested  area  was  over  4  billion  hectares. 
The  present  forest  area  and  the  forest  area  for  the  year  2000 
are  calculated  by  factoring  the  1973  area  by  an  annual  net 
deforestation  rate  of  18  to  20  million  hectares.  This  rate  is 
aggregated  data  from  a  variety  of  sources,  including  Persson 
(1974),  Sommer,  and  several  series  of  reports  from  U.S 
embassies  in  the  less  industrialized  nations.  The  1978 


more  industrialized  nations,  consumption  of  wood 
products  is  expected  to  rise  sharply  with  increas- 
ing GNP  per  capita.  Relative  prices  of  industrial 
wood  products,  paper,  sawn  lumber,  wood  panels, 
wood-based  chemicals,  plastics,  and  many  other 
products,  are  sure  to  increase.  The  effects  may  be 
somewhat  disruptive,  but  substitutes  will  probably 
be  found  for  the  products  that  become  too  expen- 
sive. No  catastrophic  changes  are  foreseen.  ^ 

In  the  less  developed  countries  (LDCs),  where 
most  of  the  deforestation  will  occur,  people  will 
forgo  the  increase  use  of  paper  and  other  indus- 
trial wood  products  that  might  have  been  expected 
to  follow  increased  GNP,  and  the  effect  on 
welfare  will  be  negative  but  bearable.  But  indus- 
trial wood  products  are  much  less  important  in 
LDCs  thail  ohaiXoal  and  fuelwood  used  for  cook- 
ing and  heating,  and  poles  Used  for  framing 
structures  for  shelter.  Prices  and  absolbt^  scarcity 
will  put  fiielwood  and  charcoal  out  of  ecdhomic 
reach  of  not  only  the  subsistance  ^'ctor  but  also 
much  of  the  market  sector  of  the  LDC  popula- 
tions. 


forested  area  is  thus  calculated  to  be  about  2.57  billion 
hectares,  and  the  year  2000  area  is  about  2.1  to  2.2  billion 
hectares.  The  assumption  that  the  deforests^tion  rate  will  not 
accelerate  with  population  and  GNP  growth  is  arbitrary, 
cliosen  to  be  on  the  conservative  side.  That  the  forest  area 
will  stabilize  at  about  1.8  billion  hectares  follows  from  the 
observation  that  the  forests  of  the  more  industrialized 
nations  have  already  stabilized  at  about  1.45  billion  hectares 
(Mickiewnght  and  European  Economic  Commission)  and 
that  about  365  million  hectares  of  forest  in  the  less  devel- 
oped nations  is  physically  or  economically  inaccessible  to 
logging  and  land-clearing  (operations  (European  Economic 
Commission  and  Sommer).  At  the  present  deforestation 
rate,  the  accessible  forests  in  the  less  industnalized  nations 
will  have  been  razed  before  2020,  but  the  rate  will  undoubt- 
edly slow  down  as  the  forests  available  for  cutting  diminish. 
Thus  the  inference  that  the  forest  area  will  stabilize  around 
the  year  2020.  The  fractions  are  denved  usmg  13.003  billion 
hectares  as  the  world's  total  land  area,  that  figure  is  from 
Persson  (I*)""'  !t  includes  19  percent  of  arctic  regions  and 
excludes  the  antarctic,  Greenland,  and  Svalbard. 
^The  estimates  cf  present  and  future  wood  volume  per 
capita  were  derived  by  factoring  forest  areas  for  each  region 
by  the  wood  volume  per  hectare  for  each  region  as 
estimated  by  Persson  ( 1974).  The  estimates  of  forest  area  by 
region  for  the  year  2000  used  in  this  calculation  were 
derived  from  the  sources  cited  m  previous  footnote. 
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To  provide  some  insight  into  the  economic  and 
environmental  transition  occurring  as  a  result  of 
changes  in  the  world's  forests,  tlus  paper  first 
discusses  the  status  of  forest  invemories  and  the 
economic  significance  of  forests  from  a  global* 
standpoint.  Then  trends  and  prospects  for  forests 
and  forestry  in  each  of  the  main  geographic 
regions  are  reviewed.  The  special  problems  of  the 
world's  most  complex  ecosystems,  the  tropical 
moist  forests,  are  treated  briefly  in  a  separate 
section.  Finally  global  linkages  that  will  make  the 
year  2000  forest  situation  in  the  tropics  important 
to  the  people  of  the  temperate  zone  are  cited. 


Forest  Inventories 

Several  recent  reports  have  mistakenly  indi< 
cated  that  the  world  contains  4.5  billion  hectares 
of  forests  plus  over  2.3  billion  hectarrs  of  open 
woodlands.  ^  Apparently  there  is  some  confusion 
over  the  distinction  between  ''forest  landV  and 
''forest, '  and  it  seems  to  be  common  practice  to 
use  forest  area. data  from  1950,  as  though  neither 
extent  of  forests  nor  knowledge  abou|^  forest  areas 
were  changing.  In  fact,  the  worid  has  only  about 
2.6  billion  hectares  of  closed  forest  and  another 
1.2  billion  hectares  of  open  woodlands  and  savan- 
nahs, according  to  the  most  recent  and  best  global 
estimates.^  ^ 

About  half  of  the  closed  forests  are  located  in 
the  LDCs  of  the  tropic  and  subtropic  regions, 
where  expkxiing  populations  are  rapidly  destroy- 
ing forests  for  farmland  and  for  fiiel.  The  other 
half  are  in  the  industrialized  nations,  mainly  the 
U.S.S.R.,  Canada,  and  the  U.S.,  where  their 
extent  is  relatively  stable  in  spite  of  increasing 
demands  for  forest  products.  Table  &-1  shows  the 
distribution  of  forests  by  global  region. 

Information  about  Corest  areas  is  scarce  for 
many  countries.  The  data  that  are  afvailable  are 
classifed  according  to  widely  varying  defmitions 
from  year  to  year  ahd  from  country  to  country. 
The  task  of  evaluating  and  synthesizing  all  these 
heterogeneous  data  was  undertycen  by  the  Worid 
Forest  Inventory  project  of  the  Food  and  Agricul- 
ture Organization  (FAO)  in  the  1950s  and  1960s 
and,  when  FAO  discontinued  the  woric  in  the  early 
1970s,  by  Reidar  Persson  at  the  Royal  College  of 
Forestry  in  Stockholm  Persson  considers  the  area 
data  to  be  ''relatively  reliable"  (accuracy  of  ±  / 
to  percent)  for  about  half  of  the  worid's  closed 
forest.  The  data  are  **poor"  (±  40-100  percent) 
for  lEibout  a  third  of  the  closed  forest  area,  and 
intermediate  (±  20  percent)  for  the  rest.  The 
information  on  open  woodlands  is  so  poor  that  the 
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TABLE  8-1 
Worid  Forested  Area  by  Regton.  1973 

Closed 
Forest 

Open  Total  {%  of 
Forest  Closerd  Wood-  land  .  land 
Land    Fores'     land     Area     area)  ^ 


Millions  of  hectares 


North  America 

630 

470 

(176) 

1.841 

25 

Central  America 

65 

60 

(2) 

272 

22 

South  Anierica 

730 

530 

(150) 

1.760 

30 

Africa 

800 

190 

(570) 

2.970 

6 

Europe 

170 

140 

29 

474 

30 

U.S.S.R. 

915 

785 

115 

2.144 

35 

Asia 

530 

400 

m 

2.700 

15 

Pacific  area 

190 

80 

105 

842 

to 

Worid 

4,030 

2.655 

(1.200) 

13.003 

20 

Nuifs  Data  on  North  Amcrtcin  forcsu  rcpresenl  a  mid-l97Qi  esiunaie  Oti« 
on  U  S  S  R  forcsu  are  a  1979  survey  by  the  Soviet  govemmcnt  (see  Reference 
3)  Other  data  are  from  I^ersson  ( 1974),  they  represent  an  eariy-  1970i  ettunate 
Forest  bnd  »  not  always  the  sum  of  closed  forest  plus  open  woodhod,  m  it 
includes  scrub  and  brushland  areas  whKh  are  nether  forest  nor  open  woodland, 
and  because  it  includes  deforested  arras  where  forest  refcneraton  is  not  takmg 
place  In  computation  of  total  land  areii.  Antarctic.  Greenland,  tnd  Sv^lbtnt  are 
not  included^  19  percent  of  arctic  regtons  are  included 


global  figure  must  be  considered  an  ^'informed 
guess."  ^ 

The  wood  resources  in  the  world's  forests  have 
been  estimated  by  extrapolating  froni' detailed 
forest  inventories  carried  out  in  the  various  re- 
gions and  biomes. 

Most  forest  inventories  are  concenscd  with  the 
quantity  of  wood  that  might  be  extracted  in  logs 
of  commercially  useful  size.  Analysts  concerned 
with  ecological  processes,  with  fuel  and  other 
nonindustrial  products,  or  with  biomass  conver- 
sion and  oiher  innovative  concepts,  need  to  know 
the  total  forest  biomass.  It  is  possible  to  multiply 
^  the  estimates  of  biomass  density  for  each  ecosy«i- 
tem  type,  as  given  by  Whittaker  and  Likens^  by 
the  present  area  covered  with  each  nuyor  forest 
^ype,  as  given  by  Persson.  This  calculation  (Table 
8-2)  indkates  that  the  total  biomass  of  the  workl's 
forests  and  woodlands  is  on  the  order  of  400  to 
500  billion  tons  of  carbon. 


Forest  Products 

Worklwide  production  of  forest  products,  in- 
cluding fuelwood,  as  well  as  wood  for  construc- 
tion, for  paper  and  for  other  industrial  products, 
totaled  at  least  2.4  billion  cu  m  (in  underbade 
noundwood  equivalent)  in  1975.  ^  About  half  of  the 
wood  harvest  is  in  the  industrialized  nations  where 
harvest  and  production  vary  with  economic 
cycles.  The  other  half  is  in  the  LDCs  where  most 


FORESTRY  PROJECTIONS 


119 


TABLE  ^2 
Bionuiss  of  the  Works's  Forests  and  Woodlands 

TotaJ 


Biomass 

Biomass 

1973  Area 

Density 

(bill  ton 

( mdhons 

(tons 

tons 

Forest  Type 

ha) 

larhon'ha) 

(orh  *r} 

Tnviica)  rain  Orooical 

568 

202  5 

Tmnicai  «^A«nnfll 

subtropkai  moist  and 

dry  deciduous) 

157  5 

i75 

Temperate  evergreen 

(teitiperate 

coniferous) 

157  5 

65 

TempcratMre  deciduous 

(temperature 

broadleaved) 

135  0 

Loreal  (Boreal) 

672 

900 

60 

Woodland/-shru  bl  an«  j 

and  savannah  (open 

woodlands) 

1.000 

22  5 

22 

Total 

3,80n 

437 

Notes  Tht  'Uta  on  areas  of  each  forest  type  arc  from  Pcr»un  (1974)  The 
biomaas  d-^ntMws  for  each  forest  i>pc  «re  from  Whmaker  and  Lii'em  iW^) 
Hrttottt  forest  types  are  named  m  parenthem.  indicaling  how  they  a.e 
assumed  to  correspond  to  WtiHtaker  and  Ukens'  ecosystem  typrs  for  this 
mamafe  of  the  two  sets  of  data  Ptrsson  does  no<  cbsatfrctat^  coniferous  Ltvi 
f  I  broadlcaved  lempenle  forest  arcia  so  h  was  necessary  to  use  the  mean  of  the 
>w|  ^.^biomaas  density  figures  for  the  two  types  (i  e  .  146  ton*,  (.arbon  per  hectare) 
however  th«  manvuhitvon  introduces  a  potential  error  of  less  than  ^  percent 


of  the  production  is  fiielwood  for  cooking,  used 
by  ptople  who  are  poor  hat  they  are  hardly 
aware  of  shoit-term  v/'^iatior.s  in  global  markets. 

Supply  factors  affecang  the  production  of  forest 
products  include  not  only  forest  area  and  standing 
crop,  tjt  also  the  physical  accessibility,  species 
mix  and  quality  of  the  timber,  as  well  as  the 
availability  of  apttal,  labor,  and  management 
expertise  for  road  or  rail  construction  ^-^d  for  the 
other  developments  necessary  to  forest  exploita- 
tion. Factors  affecting  production  from  the  de- 
mand skle  include  size  and  socioeconomic  char- 
acteristics of  the  indigenous  population,  rates  of 
investmetu  !n  wood-processing  technology,  trans 
portatk)n  costs  to  fo^ign  markets,  national  eco- 
nomic gfowth  rates,  and  market  development 
achievements.  Each  nation *s  annual  wood  harvest 
is  also  strongly  affected  by  institutional  and  politi- 
cal constraints  on  forest  resource  development 
and  exploitation.  These  constraints  vary  from 
political  restrictions  on  international  trade  to  indig- 
enous demand  for  recreation  or  other  noncon- 
sumptive  use  of  forest  resources. 

ForeA  j^ucts  enter  into  worid  trade  at  al! 
stageiH-^  primary,  seniiprocessed,  processed  and 


manufactured  products.  As  a  result,  most  coun- 
tries both  import  and  export.  With  a  few  excep- 
tions, demand  for  forest  products  in  industrialized 
nations  is  greater  than  production,  so  that  most 
industrialized  nations  are  net  importers.  Many  of 
the  less  developed  nations,  on  the  other  hand, 
produce  more  nonfuel  forest  products  than  they 
can  consume  and  are  net  exporters.  This  comple 
mentarity  is  e^pecteo  v.v  become  even  greater 
during  the  next  20  years.  As  it  hap^ns,  few  of 
the  mqjor  forest  product  net  exporters  are  among 
the  more  rapidly  developing  LDCs  that  are  likely 
to  be  narrowing  the  consumption  gap  by  the  year 
2000.  Table  8-3  indicates  the  rank  order  of  the 
major  net  importers  and  net  exporters  of  forest 
pro<^ucts. 

The  Forest-Man  Reiationship: 
Two  Systems 

Forest  resources  and  the  total  wood  harvest  are 
about  evenly  divide;^  between  the  industrialized 
and  the  less  devc^ped  nations.  Otherwise,  most 
aspects  of  the  fore,  t-man  relationship  are  pro- 
foundly different  in  t^ie  two  types  of  economies. 
The  industrialized  nations  are  three  times  richer  in 
forest  resources  per  capita.  Table  8-4  indkates 
the  distribution  of  forest  area  and  growing  stock 
per  capita  in  the  early  WOs.  llie  gap  indicated  by 
these  data  is  widening  rapidly.  Resources  per 


TABLE  8  3 
M^jor  Traders  of  Forest  F/oducts,  1974 


Exports 

Imports 

Mayor 

Less 

Major 

Less 

Net 

Imports 

Net 

Exports 

Exporters 

{ mtUion  s 

Importers 

{ miliums 

$) 

$} 

Cdfiada 

4.921 

Japan 

4.365 

Sweden 

•> 

United 

r*nland 

l.l  > 

Kingdom 

3.795 

U  SSR 

1,5 

Italy 

1,442 

Ivory  Coast 

7 

Gcnw  Fed 

1,439 

Indonesia 

France 

1.186 

Austria 

Netherlands 

1.085 

Malaysia. 

US  A 

746 

.labah 

373 

Belgium-Lux 

504 

Philippmes 

237 

Spain 

479 

Romania 

218 

Denmark 

472 

Malaysia. 

Norway 

416 

i^n^nsula 

200 

Australia 

295 

Gabon 

133 

German  DR 

284 

Chile 

115 

Switzerland 

259 

Portgual 

112 

Argentina 

245 

New  Zealani^ 

Hungary 

244 

Hong  Kong 

193 

er|c 


1-78 
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capita  decline  in  the  industrialized  countries  at  the 
relatively  slow  rate  of  population  growth  (0.6 
percent  per  year),  but  in  the  LDCs  the  rate  is  the 
sum  of  the  relatively  high  population  growth  rate 
and  the  relatively  high  deforestation  rate,  which 
means  a  decrease  of  3-6  percent  per  year  in  some 
nations,  and  an  even  faster  decrease  in  others. 
The  second  m^r  difference  in  man-forc^t  rela- 
tions in  the  two  types  of  economies  is  in  the 
pattern  of  forest  product  consumption.  The  indus- 
trialized nations  consume  over  90  percent  of  the 
world's  processed  forest  products,  while  the 
LDCs  consume  neariy  90  percent  of  the  wood 
useu  as  fuel.  The  use  of  wood  for  fuel  in  .he 
industrialized  nations  may  increase  som^hat,  as 
prices  rise  for  the  fuels  that  have  been  displacing 
its  use  during  the  past  25  years.  The  only  other 
tactor  that  seems  likely  to  substantially  alter 
consumption  patterns  between  now  and  the  year 
2000  is  the  impending  scarcity  of  wood  for  fuel 
ana  lumber  in  the  LDCs. 

Ecological  aspects  of  the  man-forest  relations 
are  as  disparate  as  the  economicispects  in  the 
developed  and  developing  world,  the  LDCs  have 
mainly  l^bor-intv  nsive  agricultural  systems.  In- 
creased production  to  meet  the  demands  grow- 
mg  populations  must  come  from  increasing  the 
labor  intensity  or  from  increasing  the  agric*  Mral 
land  base,  which  usuaL'y  implie  clearing  forc^is. 
By  contrast,  the  human  ecology  of  the  industrial- 
ized nations  comprises  mainly  capital-intensive 
systems,  in  which  incuased  agricultural  produc- 
tion is  generally  achieved  by  inv^ing  more 
capital  in  already  developed  land,  rather  than  by 

TABLE  8-4 


Forest  Resources  per  Cvpk^a  by  Geographic 
Region*  midrT^TOs 


Open 

Closed 

Wood- 

Forest 

land 

Growing 

Area 

Area 

Stock 

iha  >(  dp) 

iha 'cap) 

im\  ap) 

North  Amencd 

20 

07 

179 

Central  Amenca 

05 

0  02 

50 

South  Amenca 

24 

07 

428 

Afnca 

04 

1  3 

92 

Europe 

03 

0  1 

27 

USSR 

30 

04 

110 

A$ta 

02 

03 

17 

Pacific 

3  6- 

48 

390 

WorW 

0  7 

03 

80 

More  industrial 

\  3 

04 

128 

Less  industnal 

04 

03 

6i 

Sot*n  fx  Po^dation  data  from  Popult'ion  Refrrencr  Burrau 
and  volum«  data  from  Portion  ( t9''4> 

clearing  forest  lands.  The  natural  ecologies  are 
likewis  basically  different.  For  the  most  part,  the 
LDCs  are  located  in  the  tropics  ana  subtropics, 
where  natural  cycles  and  processes  are  very  rapid 
and  forceful.  Most  industrialized  nations  are  in  the 
tempeiate  or  boreal  regions,  where  energy  and 
materials  cycle  more  slowly  through  the  ecosys- 
tems, and  where  nature  is  generally  less  forcefiil. 

Because  the  man-forest  systems  of  the  two 
types  of  economies  are  so  dissimilar,  the"  will  be 
treated  separately  in  the  remainder  of  this  paper- 
except  for  the  important  linlcs  between  the  two 
types  of  systems,  including  trade,  technology 
transfer,  and  ecological  linkages,  which  will  be 
considered  at  the  end  of  the  paper, 
• 

jTorests  and  Forestry  in  the  Industrialized 
Nations 

The  U.S.S.R. 

The  Soviet  Union  has,  by  far,  the  single  largest 
forest  resource  base  in  the  world,  with  785  millk)n 
hectares  of  forested  land  growing  75  billion  cu  m 
(overbark)  of  industrial  sized  wood.  The  growing 
stock  is  over  a  third  greater  than  that  of  the  U.S. 
and  Cai^ada  combined. -The  net  annual  increment 
in  growing  stock  (growth  less  natural  losses)  is  on 
the  order  of  880  million  cu  m  (overbark),  or  1.2 
percent  oi  growing  stock.*  This  does  not 
the  resource  is  unlimited,  however. 

Fourteen  percent  of  the  forested  area  has  such 
slow  growth  that  it  is  considered  unproductive; 
another  36  percent  h  not  considered  to  be  com- 
mercially exploitable,  mainly  because  it  is  inacces 
sible.  Thus  only  465  million  cu  m  of  net  annual 
growth  are  presently  or  potentially  available  with 
present  tcKHsportaiion  and  harvesting  technolo- 
gies. J[ 

Fuelwood  production,  which  t?  es  up  about  2C 
percent  of  the  total  cut  now,  has  been  declining 
slowly.  Lumber  production,  "  lich  takes  the  larg- 
est share  of  the  wood  harvest,  about  40  percent, 
has  had  hardly  any  growth  during  the  1960s  and 
1970s.  Production  of  pulp,  paper,  and  flberboard 
has  grown  much  faster,  but  the  growth  rate  has 
been  :»lackening  for  the  past  decade.  Stagnation  of 
total  production  of  forest  products  is  explained 
partly  by  the  geographic  isolation  of  the  forests, 
85  percent  of  which  are  in  northern  and  eastern 
U.S.S.R.,  far  from  the  population,  85  percent  of 
which  is  in  the  southern  and  western  portions  of 
the  country.  I^ai^ge  areas  of  European  U.S.S.R. 
are  being  overcut.  For  example,  the  mature  stands 
.of  Karelia,  which  account  for  5  percent  of  Soviet 
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total  and  20  percent  of  pulp  prixiuction.  will  last 
only  25  years  at  the  present  rate  of  exploitation  ' 

The  future  of  Soviet  forestry  is  djflilcult  to 
predict.  A  large  unsatisfied  do^uestic  demand  for 
industrial  wood  products  already  eMsts.  as  indi- 
cated by  persistiint  gaps  between  production  {?r- 
gets  and  actual  output  of  all  the  major  wood 
products  during  the  past  decade  If  current  trends 
continue,  the  Soviet's  foiest  industry  will  be  able 
to  satisfy  neither  domestic  nor  foreign  demand  for 
its  products. 

In  the  longer  teriH,  the  Soviets  need  to  step  up 
the  reforestation  programs,  which  have  been  ne- 
glected m  the  past.  More  reliance  on  Sibcnan 
forests  v'lll  be  inevitable,  but  the  distance  to 
western  markets,  is  enormous,  and  exploitation  «s 
unlikely  to  grow  rapidly  until  loads  or  railways 
are  built  for  other  purposes. 

We  know  lir.le  about  the  reservation  of  forest 
enviionments  for  aesthetic  values,  recreation,  or 
other  nonconsumpiive  use  in  the  V  S.S.R.  A  Ta>s 
report  claims  that  forest  is  being  planted  at  the 
rate  of  2  million  hectares  per  year,  much  of  it  as 
groves  around  cities  for  '  zones  of  rest  *  and  on 
the  steppes  as  shelter  belts,  vvhich  are  said  to 
'insure  grain  yield  increa  s  '  bv  up  to  25  pei 
cent.'* 

Europe 

Forest  is  one  of  the  few  majoi  natural  resources 
in  which  Euiope  can  cxjx^ct  to  lemain  reasonably 
self-sufTicient.*'  the  year  2(X)0.  total  wood 
consumption  is  expected  to  increase  by  45  to  80 
percent,  but  F  uropean  forests  should  supply  SO 
percent  of  the  increase. 


Europe  has  about  135  million  hectares  of  com- 
mercially exploitable  closed  forest,  with  a  growk*:^ 
stock  of  15  billion  cu  m  (overbark).  Another  S 
million  hectares  of  closed  forest  are  classed  unex- 
ploitable,  because  of  very  low  productivity  or 
inaccessibility,  or  because  they  are  reserved  for 
vanous  noncommercial  uses.  The  distribution  of 
forest  resources  among  subregions  is  indicated  in 
Table  8-5.  llie  Nordic  countries  have  the  largest 
share  of  forest  resources  and  have  long  been 
exporters  to  the  rest  of  Europe.  Their  great  wealth 
of  forests  per  capita  suggests  that  this  '^lationship 
will  continue  indefinitely, 

The  total  wood  harvest  declined  in  Europe  by  5 
percent  in  1972  and  by  10  percent  in  1975.  In  both 
years  industrial  wood  production  dropped. 
Whether  those  dechncs  signal  a  transition  to  a 
period  of  slowing  growth  for  the  forest*  products 
industry  is  uncertain.  A  1975  -^tudy  commissioned 
by  the  U.N.  Economic  Commission  for  Europe 
(ECE),  European  Timber  Trends  and  Prospects 
1950  to  2000.  made  predictions  for  forest  products 
consumption  based  on  alternative  assumptions 
about  g  owth  of  gross  domestic  product  (GDP). 
For  both  high  and  low  GDP  growth  conditions, 
the  study  projects  that:  (1)  fuelwood  consumption 
will  continue  to  decline,  though  more  slowly  than 
m  the  past:  (2)  sawn  wood  ronMJmption  wiU  con- 
tinue to  grow,  but  at  a  decreasing  rate;  (3) 
consumption  of  paper  and  wood-based  panels  will 
increa*  *  at  an  accelerating  rate,  and  by  the  year 
2000  ear*!  will  account  for  a  larger  portion  of  total 
wood  use  than  will  sawnwood;  (4)  supply  of 
wood,  including  imports,  will  be  less  than  demand 
by  the  yeiir  2000  and  will  be  the  main  constraint 


JXBLh  8-5 

Dtstributkin  of  Kuropean  Forest  Rc^soun  es  Among  Suhregioas,  Early  1970s 

s  Net  /annual  Annual 
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on  consumption.  Adjusted  for  the  supply  con- 
straint, total  wood  consumption  during  the  1975 
to  000  period  is  expected  to  rise  at  an  annual 
compound  rate  of  1.3  to  2.0  percent,  based  on 
assumed  GDP  per  capita  growth  of  3.1  to  4.1 
percent.  The  ECE  study  'X)ncludes  that  if  more 
countries  will  begin  providing  greater  incentives 
for  improved  forest  management,  the  projected 
growth  in  consumption  to  the  year  2000  can  be 
realized  without  imp&iring  the  forests'  potential 
for  sustained  production  beyond  that  date. 

Environmentally,  there  will  be  substantial 
changes  in  European  forests  during  the  years  to 
2000.  Few,  if  any,  natural  forest  areas  remain 
now;  the  present  structure  and  composition  of  the 
forest  reflects  a  long  history  of  use  and  manage- 
ment. As  management  intensifies,  the  forests  will 
become  younger  and  still  less  diverse.  This  will 
lead  to  the  reduction  of  some  ecological  niches 
and  is  likely  to  cause  the  extinction  of  some  plant 
and  animal  species  and  changes  in  the  population 
dynamics  of  others.  Meanwhile,  pressure  is  cer- 
tain to  grow  for  management  of  forests  to  enhance 
noncommercial  values  such  as  ecosystem  stabil- 
ity, protection  of  water  quality  and  flow,  air 


purification,  recreation  opportunities,  and  aes- 
thetic qualities. 

No  statistics  are  available  on  the  forest  area  in 
Europe  as  a  whole  which  has  been  set  aside,  from 
commercial  production  for  use  as  parks,  nature 
reserves,  protection  forests,  campsites,  and  so  on. 
Most  studies  lump  such  areas  with  the  nonprod- 
uctive and  inaccessible  forests,  which  together 
account  for  about  6  percent  of  the  European 
forest. 

Forested  area  is  expected  to  increase  in  all  of 
the  European  subregions,  mainly  as  a  result  of 
afforestation  programs.  The  area  of  scrub  and 
open  woodlands  in  southern  ^urope  and  espe- 
cially in  Spain  should  decrease  ai>  large  areas  are 
converted  to  productive  closed  forest.  In  the 
Nordic  countries,  natural  regeneration  has  been 
more  important  than  planting  in  the  past,  but 
planting  will  have  to  increase  during  the  next 
quarter  century  if  the  harvests  are  to  be  sustained 
in  spite  of  the  recent  tendency  to  overcutting.  In 
the  rest  of  Europe,  afforestation  and  reforestation 
programs  will  continue  at  the  pace  set  during  the 
past  20  years,  about  150  thousand  hectares  per 
year.  Tabic  8^  indicates  the  ECE  study's  fore- 


TABLE  8-6 

Forecasts  o'  the  Areas  or[ Forest  and  Open  Woodland  in  Europe,  Year  2000 

Forest  and  Open  Woodlands 


Exploitable  Forest 


Other 


Period 

Total 

Percent 
of  lotal 
Land  Area 

Area 

Percent 
of  Forest 
and  Open 
Woodlands 

Area 

Percent 
o*"  Forest 
and  Open 
Wood- 
lands 

mtUtun\ 

n\iUums 

(}t  ha 

(if  ha 

of  ha 

Nordic  countries 

1970 

58  0 

j2 

50  ^ 

87 

7  5 

13 

European  Economic  Commu^5)^ 

61  0 

51  2 

84 

98 

16 

1970 

32  6 

•28  9 

88 

57 

12 

2000 

34  0 

23 

30  6 

90 

34 

10 

Central  Eutupe 

1970 

f  4  8 

39 

3  8 

80 

1  0 

20 

2000 

^  2 

'  43 

4  5 

85 

08 

15 

Southern  Europe  • 

1970 

S2  0 

29 

29  8 

57 

22  1 

43 

2000 

53  2 

31 

38  4 

72 

15  1 

28 

Eastern  Europe 

1970 

27  7 

29 

25  1 

90 

26  • 

10 

2000 

29  9 

31 

27  4 

92 

2  5 

8 

Total 

970 

17N  0 

32 
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79 
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21 
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casts  of  the  forest  areas  in  the  year  2000.  For  the 
whole  region,  the  forested  area  is  expected  to  be 
5  percent  lai^ger. 

North  America 

Canada  and  Uie  United  States  are  about  equally 
endowed  with  forest  resources.  Each  has  over  200 
million  hectares  o^  productive  forest,  and  each  has 
about  19  billion  cu  m  of  growing  industrial-sized 
wood.  Most  of  the  U.S.  forest  is  accessible,  and  it 
has  been  used  and  managed  more  intensively  than 
the  Canadian  forest.  More  use  generally  means  a 
younger  and  more  rapidly  growing  forest,  and  for 
this  reason  as  well  as  better  growing  conditions, 
annual  growth  of  the  U.S.  forest  is  significantly 
higher  than  that  of  the  Canadian  forest.  On  a  per 
hectare  basis,  the  U.S.  forest  grows  nearly  as 
rapidly  as  the  European  forest.  Table  summa- 
nzes  the  present  forest  resource  situation  for 
North  America. 

Because  of  the  recent  variation  from  the  longer 
trends  in  the  growth  of  industrial  wood  use,  the 


future  of  North  American  forestry  seems  rather 
uncertain.  In  the  early  1970s,  before  the  recent 
perturbations  in  the  global  industrial  economies, 
the  U.S.  Forest  Service  published  a  study  analyz- 
ing trends  and  making  projections  of  demand, 
supply,  and  consumption  of  wood  prod  :ts.  That 
study.  The  Outlook  for  Timber  in  United 
States,  assumed  a  GNP  increase  of  4  percent  per 
year  during  the  1970-2000  period  and  project^ 
the  U.S.  demand  for  wood  products  would  rise 
by  l.>-2  percent  per  year,  depending  on  how 
wood  product  prices  change.  Increased  harvests 
of  the  U.S.  forest  would  depend  mainly  on 
changes  in  relative  wood  prices  and  on  political 
decisions  regarding  intensity  of  use  of  the  publicly 
owned  forest.  Under  the  various  assumptions,  the 
study  indicated  that  the  volume  of  wood  supplied 
from  the  U.S.  forest  in  the  year  2000  would  be 
between  140  and  190  percent  of  the  volume 
supplied  in  the  year  1970.  Most  of  the  volume 
would  come  from  increased  fellings,  but  part 
would  come  from  technological  advances  that 


TABLE  ^7  C 
North  American  Forest  Resources,  Early  1970i$ 


Resource 

Unit 

USA 
fl970) 

Canada 
(1973) 

Noith 

America 

Si(y  kcd  commercial  forest ' 

Million  hectares 

194 

220 

414 

Ufuccessible  productive  forest " 

Million  hectares 

5 

5 

Reserved  forests  (parks,  etc)^ 

Million  hectares 

8 

15 

24 

Total  productive  forest  * 

Million  hectares 

207 

?35 

442 

Unstocked  commen.ial  forest* 

Million  hectares 

8 

17 

26 

Open  woodlands  and  other  forests  of  exlremely 

low  productivity ' 

Million  hectares 

103 

73 

176 

Growing  stock  on  commercial  forest  (underbark 

volume)' 

Bilhon  cubic  meters 

19 

19 

38 

Cu  meters  per  hectare 

93 

75 

87 

Net  annua!  growth  on  commercial  forest  land 

Million  cubic  meters 

527 

270 

797 

(underbark  volume)*^ 

Cu  meters  per  hectare 

2  6 

1  1 

1.8 

Percent  growing  stock 

2.9 

1.5 

2.1 

Cu  meters  per  capita 

2  4 

II  5 

3.3 

1^74  fellings  (underbark  volumer 

Million  cubic  meters 

402 

167 

545 

1975  fellings  (underbark  volume i 

Million  cubic  meters 

358 

147 

.505 

1974  fellings  as  percent  of  net  annual  grovii 

Percent 

76 

62 

68 

for  thf  I  SA  commercial  (okm  drSwJ  aw  (csi  land  frjdu(.;n|  ot 
capable  of  prjidtKinl  cnips  of  induttrhd  «i>od  in  7xlcm  of  t  4cuh'C  mricn  per 
hectare  per  year  tn  natural  Man^j)  and  ihm  «,tthdra\*n  from  iiirt>>  r  use  f"r 
C anaJa  commerciaJ  forest  defined  as  forest  tsnd  sujtib'c  U  '  re|'tJ*r 
harvest  apttMe  of  pruducini  siaitdi  of  treCA  4  inchei  dtame  er  or  \ix%t  oit  0 
percrni  ur  more  of  the  area  extiudinf  afficulturai  land  currer'ly  m  u^e 
^hn  refen  lo  Ibrcsi  m  //j^u  that  rrr^is  the  prtxluction  criteria  but  '\  too 
ifiaLceasj^  lo  be  UMsd  commerc  ally 

*The^e  are  fnmt  land?  rc^rrvfd  >r  nencf'"T"icrs,!jl  us?  Whether     of  the  !  *-  ' 
mibon  hectare*  rcierved  tn  Can  da  are  i«.tuailv  priwlucftvp  forest  n  n<H  ckar 
from  the  avaiaMe  tourer «  * 
•Th«  category  ex<*'ade"  some  w*sHkind  thai  w^mM      -         »ree  gur^th 
crlerMk^  hoi  i*  r«j<  tnUtidcd  «n  fttretlry  statattsrs  bet.au%e  «t  has  oern  developed 
for  nofvforeftry  commcrctii  uae<e  s  re. dent ul  land) 
'For  Canada  tha  it  probiHy  an  underettimate  as  it  includes  only  umtoiked 
f«denl  and  provincnl  lands  thai  have  been  aHocaied  to  wood  p.oduc'hw 
*f-ii%  the  I'  S  A     tills  inciudes  stands  of  pinyon-juniper  woodkt^  grais 
Ipme  forests,  and  other  woodlands  tncapabk  of  produ^u^t  I  i 


^ubtc  meters  of  tnduMrMi  vkhhJ  per  ^e>»tf'  per  year  For  Canada  th« 
inclutt^'.  hjtrst  land  not  %uitaNe  for  regufaf  harvest  because  of  exlremdy  tow 
|>roduc(ivttv 

•/.T  fhi  {  \  A  thn  IS  the  volume  sui'a  >le  for  industrial  vfotni  we.  m  tree* 
over  ^  inches    jmeter  A/.i-  (  the  JefinHion  f»  pretumafaiy  similar  For 

h;»th  the  unMo<.k«d  commcrciaJ  forest  area  is  included  in  the  calculation 

•Net  annual  growth  is  t(^aJ  growth  Jess  volumes  of  tree*  dyirt  annually 
Apparently  it  refers  to  wood  m  the  parts  of  trees  suitaNe  for  induitrial  wood 
artd  aj^wentty  it  do-  noi  net  out  the  volume  lost  to  forest  Are* 

'  Fellings  refers  to  removals  plus  harvesting  losses  apparently  only  wood  of 
sue  suMable  for  imJustrial  wood  use  is  included  Thu  mcaturc  is  provided  to 
alkiw  comparison  of  annual  fellings  to  net  annual  growth  The  nttio  of  fellngs 
lo  removals  was  mfcrrod  from  data  prevded  m  U  S  Forest  Service  (!974>, 
bcfuw  and  the  figureft  ^)r  fellinp  were  calculated  by  applying  that  ratio  to  th 
removals  as  repotted  in  FAO  ( 1977) 

S  ft  US  Forett  Service  Thr  <iutlih>k  for  Jimhfr  in  ihf  I'naed  Staiet 
'Vaihmgton  OR)  iy74  eiiff  « 19^11  M  ick  lew  right  ( 1977)  F  AO  C 977).  Cana- 
dian Fofestry  Service    C  an  «la  <  rnrests.    Ottaf^a  1974 
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would  make  harvesting  and  processing  more  effi- 
cient. If  efficiency  of  softwood  production  in- 
creases 12  percent  by  the  y^tar  2000,  and  efficiency 
of  hardwood  production  mcreases  4  percent,-' 
and  if  hardwood  use  gains  on  softwood  use  to 
become  a  third  of  .the  total  volume  harvested  by 
2000,  »^  then  the  year  2000  fellings  in  U.S.  forests 
could  be  between  130  and  175  percent  of  1970 
fellings. 

Those  projections  correspond  to  a  total  annual 
felling  in  U.S.  forests  of  from  510  to  690  million 
cu  m  (underbark)  of  industrial-sized  wood.  The 
lower  cut  could  be  accommodated  within  the 
present  net  annual  growth  of  the  forest,  which  is 
estimated  at  527  million  cu  m  (underbark).  The 
higher  projection  cannot  be  realized  on  a  sustained 
yield  basis  without  a  substantial  increase  in  the 
net  annual  growth  of  the  forest,  which  can  only 
occur  with  an  increased  intensity  of  management. 

Increases  in  demand  for  Canadian  forest  prod- 
ucts will  depend  on  the  same  factors  that  influence 
demand  in  the  U.S.»  except  tha^  .ising  prices  of 
wood  relative  to  other  produc's  would  dampen 
demand  less  for  Qmada  thar  for  the  U.S.,  be- 
cause Canada  would  supply  larger  proportion  of 
the  U  S.  demand  under  that  condition.  The  Cana- 
dian wood  harvest  is  expected  to  increase  by 
about  2  percent  per  year»  to  reach  215  million  cu 
m  (underbark)  in  the  year  2000.'^  With  that 
increase,  the  harvest  would  still  be  below  the  net 
annual  growth,  which  is  currently  about  270 
million  cu  m  (underbark).  More  significantly,  it 
would  be  below  240  m,  which  is  the  Canadian 
Forest  Service's  estimate  of  the  annual  cut  allow- 
able for  sustained  yield  conditions  on  the  portion 
of  the  Canadian  forest  that  is  accessible  under 
current  econonuc  and  technological  conditions. 
Thus  there  is  unlikely  to  be  any  strong  pressure 
for  increased  intensity  of  Canadian  forest  manage- 
ment during  the  next  25  years. 

The  condition  of  the  North  American  forest 
environment  in  the  year  2000  will  depend  to  a 
considerable  extent  on  economic  developments 
that  will  affect  management  intensity.  The  Out- 
lock  Jor  Timber  in  the  United  States  forecasts 
that  the  U.S.  commercial  forest  area  will  be  6 
million  hectares  smauer  by  the  year  2000.  Similar 
estimates  are  no'  available  for  the  Canadian 
forest;- probably  the  changes  will  be  les»  as  the 
smaller  population  of  Canada  will  be  making  fewer 
demands  for  alternative  uses  of  forest  land. 

The  fact  that  the  annual  harvest  is  less  than  the 
net  annual  growth  disguises  the  low  rate  of 
reforestation  in  North  America.  The  commercial 
forest  area  partially  or  totally  harvested  plus  the 
area  burned  have  averaged  about  4  million  hec- 


tares per  year  in  the  U.S.  since  I960.  During  the 
same  period,  the  area  planted  with  trees  has 
averaged  about  650^000  hectares  per  year.  The 
remainder,  except  the  relatively  small  portion 
dropped  from  the  commercial  forest  land  inven- 
tory, is  left  for  natural  forest  regeneration.  If  the 
trend  continues,  the  U.S.  forest  will  be  less 
completely  stocked  than  it  is  now.  This  will  not 
significantly  affect  wood  production  in  the  year 
2000  but  will  have  a  negative  effect  in  the  longer 
term  if  reforestation  programs  are  not  accelerated. 
The  situation  in  Canada,  where  the  area  harvested 
or  burned  annually  is  about  2.5  million  hectares, 
IS  similar.  The  pressure  for  reforestation  in  Can- 
ada is  likely  to  be  lower,  and  costs  of  reforestation 
there  are  higher  because  of  the  greater  problems 
of  accessibility. 

In  the  year  2000,  the  North  American  forest  is 
likely  to  be  marginally  smaller,  be  less  a/cW 
stocked,  have  fewer  slow-growing  mature  trees 
and  more  fast-growing  young  trees,  contain  larger 
areas  reserved  for  noncommercial  use,  and  have  a 
lower  ecological  diversity  in  the  nonreserved 
areas.  The  magnitude  of  these  changes  will  de-  , 
pend  partly  on  exogenous  economic  factors  and  - 
partly  on  the  attitude  of  the  public  towards  lorest 
management. 

In  recent  years,  environmental  awareness  has 
increased  significantly  in  both  Canada  and  the 
United  States.  As  a  result  there  has  been  considr 
erable  public  resistance  to  forest  management 
techniques  such  as  clear-cutting,  which  are  eco- 
nomically sound,  at  least  in  tne  short  term,  but 
which  are  aesthetically  disagreeable  and  environ- 
mentally dubious.  It  is  likely  the  managemeiff'for 
wood  production  will  be  constrained  on  increasing 
proportions  of  the  27  percent  of  the  U.S.  commer- 
cial forest  that  is  publicly  owned  and  on  the  59 
percent  of  the  forest  that  is  privaftly  owned  by 
parties  other  than  forest  industry  companies.  It  is 
theoretically  possible  for  the  managers  of  the 
public  forests  to  increase  pr^d^ction  of  all  the 
types  of  benefits  provided  by/ine  forest,  but 
without  a  greatly  expanded  enwronmental  educa- 
tion effort,  it  is  unlikely  ihaiAht  publk:  will  be 
well  enough  informed  and^motivated  by  the  year 
2000  to  demand  management  programs  that  wtU 
oplimi/j::  production  of  all  the  forest's  benefits. 

Pacifk  Area 

Japan  is  second  only  to  the  United  Stales  in 
volume  of  wood  imported,  and  is  the  world's 
largbst  net  importer  of  wood  products.  Although 
Japan  has  experienced  the  world*s  most  rapid 
increase  in  industrial  wood  consumption  during 
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the  pas^  25  yean,  md  although  68  percent  of 
Japan  is  Kvestet*  domestic  production  has  been 
decliiting  stcaiily  as  a  iiesult  of  overcutting  dunng 
the  postwar  yei^rs  and  several  constraints  on  use 
of  the  existing  mature  forests. 

Japan  has  a  good  foastry  program,  and  by  the 
year  2000  the  domestic  wood  production  may  be 
rising  again.  The  country  will  continue  to  be  a 
m^lor  importer  for  the  foreseeable  future,  how- 
ever, consuminij  a  substantial  proportion  of  the 
sawlogs  and  pulpwood  produced  in  western  North 
America  and  most  of  the  Philin;>ine  mujhogany 
and  other  high*value  logs  torn  Southeast  Asia. 

The  othrr  nations  with  developed  economies 
and  substantial  forest  areas  in  the  Pacific  are 
Australia  and  New  Zealand.  Australia  has  about 
38  million  hectares  of  closed  forest,  only  20 
percent  of  it  conif.  ^us.  New  Zealand  has  6.2 
million  hectares,  70  percent  coniferous.  It  is  a 
mfliicr  net  exporter  of  wood  products,  while  Aus- 
ualta  IS  a  net  impotU^r. 

Only  vague  forecasts  the  future  of  forrs* 
envLxmmcpt  Ji  the  two  nation;  can  be  given  here. 
Management  of  the  New  Zealand  forest  is  rela- 
tively intensive  uid  the  general  ^^nd  has  been  use 
of  monocultures  of  fas.'g^ovdng  exotic  sj)e^*vs  for 
?efcrestaik)n,  rather  than  reliance  on  riaturai  re-* 
geneiatiuu  of  lative  ;^Dccies.  As  a  result,  the  New 
Zealand  forest  has  bxome  less  diverse  ecologi- 
cally and  more  suo^eet  to  catastrophic  iosses  from 
pests  and  diseases.  It  ''tems  likely  that  significant 
proportions  of  the  natural  forest  will  be  efiFectively 
v^servod  for  noncommercial  . 

TrOiMcai  rain  forest  compnse'i  a  substantial  part 
of  the  Australian  i*esources,  and  it  has  all  the 
typical  iain  forest  problems  of  wood  Iwtcrogene- 
ity,  sqQ  mstability,  clima,.''.  harshne«G  aiid  poor 
resilince  after  ccmm*^rctai  exploitatioii.  Aus- 
tralia*! agronomy  is  capital-intensive  ^  so  tnat  pro- 
duction increases  can  generally  be  effected  better 
by  increasing  capital  ir^puts  on  already  cleared 
laiid  where  there  are  h  gh-qiiality  soils  than  by 
clearing  forest  lands  wit'i  mar^nal  soils.  Until  the 
cost  of  Australia'i^  wood  imports  becomes  too 
high,  or  until  te.  hnolog^al  advances  make  capitai- 
intensi^e  harvesting  and  processing  of  tropical 
forests  more  econom*^,  the  Australian  forest  en- 
vironment is  likely  to  remain  relative  ly  stable. 

Smnnuury 

Use  of  land  for  forests  and  for  agriculture  are  id 
approximate  equalibrium  throughout  nnyst  of  the 
ii'dustfialized  nations.  Tlius  the  fotes  area  is 
relatively  stable  and  will  be  only  nnarginally 
s^naller  in  the  year  2000.  The  management  of 
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commercial  forests  will  become  more  intensive, 
and  this  will  lead  to  lower  ecological  diversity. 
The  forest  area  reserved  for  noncommercial  use 
will  increase  in  North  Anierica,  and  noncommer* 
cial  factors  will  become  more  prominant  in  forest 
management  decisions  in  the  other  industrialized 
regions.  Except  in  Lurop  ,  Japan,  and  New 
Zealand,  forests  in  the  yea.  2000  will  be  I:  s  fully 
stocked  than  now,  as  cutting  will  continue  to 
outpace  tree  planting  and  natural  regeneration. 
For  the  most  part,  the  cutover  land  will  not  be 
allocated  to  other  uses,  however,  and  will  be 
available  for  reforestation  during  the  21st  century. 

If  the  industrialized  nations  recover  fully  from 
the  economic  setbacks  of  the  past  few  years,  then 
consumption  of  wood  will  continue  to  rise  and 
supplies  will  begin  to  be  tight  within  the  1978- 
2000  period.  Production  costs  for  softwood  ex- 
ports will  rise  as  more  remote  areas  must  be 
logged  in  both  the  U.S.S.R.  and  Canada,  so  prices 
will  rise.  The  already  rising  demand  for  imports 
from  the  tropTjal  forests  of  the  less  developed 
countries  will  increase  fuit^*er. 

In  the  more  distant  future,  rising  prices  for 
wood  products  may  lead  to  improved  stocking  in 
the  northern  forests  and  to  heavier  reliance  by  the 
wood  products  industry  on  plantation  forestry  in 
southern  Europe,  in  the  southern  U.S.  and  in  the 
tropics. 

Forests  and  Forestry  in  the  Less 
Deveioped  Countries 

Demand,  Supply,  and  Deforcstatioti 

The  LDCs  contain  nearly  half  of  the  worki's' 
closed  forest  area  and  over  half  of  the  growing 
stock  of  indusUial-sized  wood.  These  forest  re- 
sources play  an  important  role  m  economic  devel- 
opment by  providing  subsistance,  shelter,  employ- 
ment, resou  ces  for  development  of  other  sectors, 
and,  fof  'ome  I  IX!s«  an  important  export  com- 
modity to  earn  foreign  exchange. 

The  demand  for  industiMwood  products  within 
the  LDCs  will  increase ^pidly  with  economic 
development,  because  the  elasticity  of  demand  for 
wood  products  is  high  among  relatively  poor 
consumers  so  long  as  wood  supplies  are  abun- 
dant.*^ As  income  increases  fxulher,  the  demand 
for  paper  products  rises  rapidly.  Most  of  LDCs 
rely  on  imports  of  paper  now,  but  recent  techno- 
logic^J  bre^thioughs  have  made  paper  production 
based  entirely  on  mixed  hardwoods  possible. 
Where  economic  development  progresses,  capital 
to  develop  modem  wood-processing  facilities 
snouid  become  available. 
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Even  where  economic  progress  is  not  made, 
demand  for  forest  products  has  been  rising  ai'd 
will  continue  to  rise.  Tightening  supplies  of  sofi- 
woods  in  the  industrialized  nations  are  causing 
increased  use  of  hardwoods  for  sawwood,  wood 
panels,  and  pulp,  and  tropical  hardwoods  have 
been  capturing  an  ir.creasing  portion  of  this  mar- 
ket. Furthermore  the  demand  for  fuelwood  will 
rise  with  the  population  growth  of  the  LDCs, 
regardless  of  progress  in  industrialization.  LDCs 
now  get  about  one-fourth  of  their  commercial 
energy  from  fuelwood;  the  proportion  may  de- 
crease where  industrialization  progresses;  bu^  the 
absolute  quantity  will  probably  increase  with 
growth  of  cottage  industries.  In  any  case,  most  of 
the  fuelwood  is  used  for  cooking  in  residences. 
Ten  years  ago  it  seemed  that  increased  use  of 
bottled  gas  and  kerosene  would  constrain  the 
rising  consumption  of  wood  for  residential  fuel, 
but  the  five-fold  petroleum  pric*^  increases  have 
thrown  most  of  the  demand  back  to  wood. 

For  the  near  future,  the  supply  side  of  the 
forestry  picture  seems  bnght  for  the  well-forested 
L£)Cs.  Theie  is  still  an  abundant  supply  of  virgin 
tropical  timber,  and  technological  advances  in 
processing  are  resulting  in  the  use  of  a  higher 
proportion  of  tree  species  and  size  classes.  Forest 
land  is  generally  less  expensive  in  the  LDCs  than 
in  the  industrialized  nations,  and  forest  labor  is 
triexpensive  and  i\\  abundant  supply.  Finally,  the 
LDCs  have  a  comparative  advantage  in  the  devel- 
opment of  tree  plantations,  as  the  long  growing 
seasons  and  high  insolation  available  in  the  tropics 
result  in  wood  growth  rates  three  to  five  times 
higher  th?n  in  the  temperate  environments. 

Unfortunately,  these  favorable  factors  are  over- 
shadowed by  the  specter  of  deforestation.  The 
forest  product  supply  picture  is  bright  only  for  the 
near  term.  The  current  forest  stock  of  the  LDCs, 
about  I.I  billion  hectares  of  mature  closed  forest, 
is  bemg  consumed  at  the  rate  of  about  20  million 
hectares  per  year.  About  iwo  thirds  of  the  tropical 
forests  are  economically  accessible,  and  if  the 
present  rate  of  deforestation  were  to  continue 
most  of  the  accessible  forest  would  \>,  lost  by 
year  2000.  If  the  rate  is  assumed  to  increase  with 
the  populations  of  the  LDCs,  then  virtually  all  of 
the  accessible  tropical  forest  would  be  gone  by 
the  year  2000. 

However,  it  is  more  likely  that  the  overall  LDC 
defc  estatiun  rate  will  decline  before  the  year 
20PJ,  for  the  simple  reason  that  the  people  who 
are  doing  most  of  the  cutting  will  begin  to  run  out 
of  forests  to  cut.  Forests  and  population  are  not 
evenly  distributed.  Some  nations  cleapul  all  (he 


forest  land  accessible  to  them  long  ago  (e.g., 
Afghanistan),  other  densely  populated  nations  that 
still  have  substantial  forest  resources  will  have 
lost  most  of  them  before  the  year  2000  (e.g  , 
Indonesia,  Thailand),  and  some  sparsely  popu- 
lated nations  with  vast  forests  will  still  have  vast 
forests  in  the  year  2000  (e.g.,  Gabon,  Congo). 

The  process  of  deforestation  is  poorly  under- 
stood.  Apparently  most  of  the  forest  losses  result 
from  clearing  and  burning  for  agriculture,  with 
much  of  the  wood  being  used  only  to  the  extent 
that  its  ashes  constitute  fertilizer  for  one  or  two 
season's  crops.  An  estimated  190  million  hectares 
of  cleared  tropical  forests  are  used  for  shifting 
agriculture.  After  rudimentary  clearing,  the  land 
burned  and  crops  are  grown  for  a  year  or  two. 
Then  it  is  fallowed  for  about  a  decade,  while  a 
degraded  foi^st  develops,  and  that  re-establishes 
at  least  some  of  the  soil's  fertility  for  the  next 
round  of  clearing,  burning  and  planting.  The 
system  breaks  down  as  populations  increase  and 
the  fallow  periods  are  necessarily  shortened,  and 
eventually  the  forest  loses  its  capacity  to  regener- 
ate and  to  restore  the  soil's  fertility.  The  land  is 
abandoned,  and  often  forest  is  not  re-established. 

The  balance  between  deforestation  caused  by 
shifting  agriculture  and  that  caused  by  farmers 
clearing  land  for  permanent  settlement  is  un- 
known, and  nothing  is  known  about  how  the 
deforestation  rate  changes  as  the  forest  base 
diminishes.  Nor  does  anyone  know  how  much  of 
the  forests  now  remaining  in  the  LDCs  is  on 
arable  lard,  and  even  the  definition  of  arable  may 
be  changing. 

The  deforestation  rate  is  closely  related  to  the 
rate  of  commercial  logging.  Hardly  any  of  the 
LDC  forests  are  under  intensive  management.  In 
most  cases,  reforestation  after  logging  is  left  to 
chance.  In  densely  populated  regions,  farmers, 
often  follow  the  lowers  to  complete  th^  process 
of  razing  the  forest.  In  less  densely  populated 
areas,  natural  regeneration  may  result  in  refores- 
tation, but  the  forests  that  result  ar^  generally 
degraded  and  seldom  have  commercial  value. 

How  deforestation  is  related  to  the  fuelwood 
harvest  is  another  unknown,  and  the  statistics  on 
fuelwood  use  are  only  crude  giiesses.  Where  the 
fuelwood  comes  fhjm  is  even  less  veil  known. 
Muc>*  of  the  wood,  perhaps  most  of  it,  is  con- 
verted to  charcoal.  This  is  a  cottage  industry  that 
supports  many  farmers  clearing  forests  during 
their  first  years  in  a  newly  settled  area.  In  othe' 
places,  rapid  deforestation  only  for  fuel  and 
is  independent  of  the  local  demand  for  agricul- 
tural land. 
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Denudation  of  land,  caused  by  the  demand  fo. 
(iielwood,  is  thought  to  be  most  rapid  and  to  have 
the  most  severe  environmental  consequences  in 
the  dry  open  woodlands  of  the  tropics.  In  such 
areas,  tree  cutting  often  leads  not  to  a  degraded 
woodland  but  rather  to  a  desert. 

Because  so  few  details  are  known  abo.J  the 
process  of  deforestation  and  about  the  rates  at 
which  it  occurs  under  varying  economic,  demo- 
graphic, and  environmental  conditions,  it  is  quite 
impossible  to  predict  the  global  condition  of 
forests  in  the  LDCs  in  the  year  2000.  It  is 
possible,  however,  to  review  current  regional 
conditions,  which  may  give  some  rough  indica- 
tions of  which  areas  will  still  have  forests  22  years 
from  now. 

Latin  America 

Qosed  forests  cover  about  725  million  hectares, 
over  one-third  of  the  total  land  area  of  Latin 
America.  Open  woodlands  cover  another  400 
million  hectares.  Nearly  all, of  the  softwoods  are 
in  Central  America.  Threc^uaiters  of  the  tropical 
moist  forest  is  in  the  Amazon  basin.  Open  wood- 
lands predominate  in  parts  of  Central  America,  in 
northeastern  and  central  Brazil,  in  the  Andean 
valleys  of  Bolivia,  Pern,  an'^  Chile,  and  in  the 
Chaco  of  Bolivia,  Argentina,  and  Paraguay. 

The  volume  of  growing  stock  of  commercial 
size  is  higher  than  in  any  other  region  of  the 
worW,  about  90  billion  cubic  meters.  On  a  per 
hectare  basis,  the  volume  varies  from  92  cu  m  in 
Central  America,  where  me  forests  are  similar  to 
those  of  North  America,  Europe,  and  Asia,  to 
over  2jO  cubic  meters  in  parts  of  the  Amazon 
Basin.  The  moist  forests  are  extremely  heteroge- 
neous, with  up  to  100  species  per  hectare  and 
with  plant  associations  varying  greatly  over  short 
distances.  Only  10  to  30  iercent  of  the  standing 
volume  in  the  Amazon  ^asin  is  commercially 
valuable,  the  rest  of  the  wood  is  an  im(. 'aliment 
from  the  point  of  view  of  commercial  loggers.  For 
this  reason,  logging  operations  have  concentrated 
more  on  the  less  dense  stands  where  commercially 
valuable  wood  may  hfe  more  abundant  and  more 
accessible. 

Deforestation  rates  vary  with  population  den- 
sity, as  conunercial  logging  operations  are  not  yet 
well  developed  in  most  of  Latin  America.  In  (he 
Amazon  basin,  the  deforestation  rate  is  estimated 
at  4  percent  per  year.  In  the  past,  forests  were 
cut  only  along  the*  perimeters  and  along  rivers,  but 
ncytf  roadway  infrastructures  arc  rapidly  increasing 
the  accessible  area.  It  seems  likely  that  by  the 


year  2000,  the  Amazon  forest  will  cover  less  than 
half  the  area  it  does  now.  In  Centra]  America  and 
northwestem  South  America,  closed  forests  are 
diminishing  at  about  2  percent  per  year  and  are 
likely  to  be  completely  removed  from  arable  areas 
by  the  year  2000.  The  deforestation  of  lowland 
forests  in  those  areas  will  depend  largely  on  how 
tfie  high  costs  of  clearing,  drainage,  and  disease 
control  relate  to  the  demand  for  increased  food 
production.  In  Argentina,  Paraguay,  Bolivia,  and 
Brazil,  the  rate  of  clearinp  -^f  open  woodlands  will 
depend  on  implementatio  of  proposed  schemes 
to  make  the  savannah  soil  arable.  If  the  new 
methods  work  as  expected,  the  savannah  wood- 
lands could  be  significantly  reduced  by  the  year 
2000,  but  that  will  take  some  pressure  off  the 
moist  tropical  forests,  especially  in  Brazil. 

Man-made  forests  were  reponed  to  cover  1.9 
million  hectares  in  Brazil  and  another  1.7  million 
hectares  in  the  rest  of  Latin  America.  It  is  a  small 
area  relative  to  the  deforestation  rate,  but  conser- 
vation  of  the  forest  environment  is  not  the  objec- 
tive of  these  plantings.  They  are  industrial  w^^xi 
plantations,  about  one  third  conifers  and  much  of 
the  rest  eucalyptus,  and  they  do  represent  a 
significant  beginning  for  plantation  forestry.  In 
Brazil  the  plantmg  rate  is  reported  to  be  gaining 
momentum;  in  some  areas  natural  forests  are 
razed  to  provkle  land  for  the  fast-growing  com- 
mercial species.  Some  of  the  firms  involved  have 
had  economic  setbacks,  but  it  seems  likely  that  in 
the  long  run  plantations  will  be  providing  most  of 
Latin  Americans  wood  supply. 

Increasing  demand  for  processed  wood  prod- 
ucts in  southern.  Brazil  is  likely  to  lead  to  in- 
creased investment  in  modem  facilities  that  will 
be  able  to  process  a  wider  variety  of  species  than  * 
the  present  domestic  and  export  markets  can  use. 
This  will  make  profitable  the  exploitation  of  forest 
areas  where  now  the  commercially  valuable  spe- 
cies are  too  widely  scattered.  The  development  of 
a  forest  products  industry  and  construction  of 
processing  facilities  is  a  priority  feature  in  the 
national  planning  frameworks  of  most  of  the  well- 
forested  Latin  American  nations,  though  only  in 
Brazil  is  implementation  of  such  plans  likely  to 
have  a  significant  impact  on  the  forest  environ- 
ment by  the  year  2000. 

Africa 

With  only  about  6  percent  of  its  land  area 
covered  with  closed  forests,  Africa  is  the  least 
forested  of  the  three  tropical  regions.  The  conti- 
nent contcuns  about  180  million  hectares  of  closed 
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forest,  88  percent  of  which  is  tropical  moist  forest 
in  Centra]  and  West  Africa.  The  area  of  open 
woodlands  is  estimated  to  be  about  three  times 
the  area  of  closed  forest 

The  1975  harvest  of  forest  products  comprised 
about  320  million  cu  m  (underbark)  of  wood,  of 
which  84  percent  was  fuel  wood  and  charcoal,  and 
5  percent  was  unprocessed  roundwood  used  as 
poles  and  posts,  munly  for  construction.  Thus 
only  about  11  percent  of  the  harvest,  or  35  million 
cu  m,  was  used  for  sawn  or  other  industrially 
processed  wood  products.  About  one  third  of  this 
ir  Justrial  wood  was  exported,  most  of  it  as  logs, 
most  of  it  to  Europe.  The  rest  was  consumed 
within  the  region,  mainly  as  sawwood  for  con- 
struction. The  main  exporters,  in  order  of  volume 
exported,  are  Ivory  Coast,  Gabon,  Cameroon, 
Ghana,  Congo,  Nigeria  and  Zaire.  Most  of  the 
countries  of  Africa  are  net  importers  of  wood. 
The  continent  as  a  whole  is  a  net  importer  of 
sawwood,  paper,  and  paperboard,  and  a  net 
exporter  of  industrial  logs,  plywood,  veneers, 
fiberboard,  and  charcoal.*** 

The  demand  within  Africa  for  processed  indus- 
trial wood  products  is  expected  to  grow  by  6  to  9 
percent  per  year  between  now  and  the  year  2000. 
However,  much  of  the  industrial  wood  production 
is  likely  to  continue  to  be  directed  to  Europe 
rather  than  to^be  traded  within  Africa,  so  that  th^ 
increasing  Africa  demand  is  unlikely  to  be  satis- 
fied. 

The  demand  for  fiielwood  used  at  the  household 
level  is  likely  to  increase  at  about  the  rate  of 
population  increase,  while  the  demand  for  fuel- 
wood  used  for  production  of  commercial  energy 
may  increase  somewhat  faster,  as  the  small-scale 
industrial  sector  grows.  Supply  is  already  insuffi- 
cient to  meet  demand  in  many  countries,  and  with 
no  economically  available  substiiate  for  woodfuel, 
energy  consumption  per  capita  has  been  falling  in 
parts  of  North  Africa. 

Changes  m  the  African  forest  environment  have 
been  best  resear.hed  and  described  by  R.  Persson 
in  his  1977  stuay.  Forest  Resources  of  Africa. 
He  indicates  that  agriculture  is  the  main  cause  of 
deforestation.  The  area  cleared  annually  for  shift- 
ing cultivation  in  the  rainforest  zone  is  2  to  4 
million  hectares.  There  is  no  estimate  of  the 
proportion  of  th>s  area  that  is  intact  natural  forest. 
In  the  more  densely  populated  humid  areas  of 
West  Africa,  large  forest  areas  arc  reported  to 
have  become  denuded  and  badly  eroded  waste- 
lands in  recent  years,  because  of  the  pressure  to 
shorten  the  fallow  periods.  Persson  estimates  that 
40  millk>n  hectares  of  the  rainforest  may  be  under 
use  for  shifting  cultivation.  As  rural  populatk>ns 


increase  and  as  economic  development  makes 
crops  more  valuable,  the  shifting  agriculturalists 
are  likely  to  expand  into  more  remote  areas  of 
natural  forest,  and  to  cause  permanent  deforesta* 
tion  on  larger  portions  of  the  areas  they  are 
already  using. 

Permanent  agriculture  is  also  likely  to  take 
iiKreasing  areas  of  moist  forest  land  in  the  coming 
decades.  Growing  demand  for  products  of  tree 
and  bush  crops,  including  coffee,  cocoa,  and  oil 
palm,  will  probably  result  in  sign^icant  deforesta- 
tion. 

In  the  seasonally  dry  areas,  shifting  cultivation 
also  occurs;  often  the  effects  are  more  deleterious 
than  in  the  rainforest  zone,  a<^  the  vegetation 
recovers  more  slowly.  Most  of  the  closed  forest 
in  such  areas  have  been  insulated  from  deforesta- 
tion pressures  by  tsetse  infestations.  Gradual  prog- 
ress is  being  made  in  tsetse  eradication,  however, 
and  permanent  clearing  of  most  of  the  woody 
vegetation  is  one  of  the  necessary  elements  in 
mamtaining  eradication. 

In  tiie  open  woodlands,  gradual  denudation 
results  from  overigrazing,  from  burning  too  fre- 
quently for  pasture  improvement,  and  from  wood- 
gathering  for  fiiel  in  the  more  densely  populated 
areas.  Since  the  effect  of  these  factors  is  too 
gradual  to  be  easily  discemable,  there  is  presently 
no  way  to  estimate  the  rate  at  which  the  savannah 
environments  are  being  degraded.  Recent  atten- 
tion focused  on  the  desertification  process  is  likely' 
to  lead  to  some  study  of  how  open  woodlands  are 
changed,  and  predictions  may  be  possible  within 
a  decade. 

Persson's  and  other  recent  studies  have  indi- 
cated that  the  moist  tropical  forests  of  Africa  now 
cover  less  than  half  of  the  area  for  which  they  are 
designated  as  the  natural  vegetation  climax.  Of 
course,  most  of  this  change  is  the  result  of 
clearing  and  burning  by  man  and  grazing  by 
domestic  livestock.  The  rate  at  which  the  change 
has  occured  is  unknown.  It  seems  likely  that  the 
rate  has  been  increasing,  and  that  the  next  halving 
of  the  forested  area  will  occur  much  more  quickly. 

Persson  and  the  other  sources  calculate  that  the 
closed  forest  area  of  Africa  is  decreasing  by  at  least 
2  million  hectares  per  year  and  suggest  that  the  rate 
may  be  higher.  The  greatest  change  is  in  West- 
Africa,  where  large  populations  and  laIge^fo^e$ts 
both  occur.  In  North  Africa,  there  is  probably  no 
net  decrease  in  forested  area,  as  there  is  limited 
forest  left  to  cut  and  as  intensive  tree  planting  has 
begun  in  several  countries.  There  is  an 
environmental  change,  however,  since  the  natural 
vegetation  of  North  Africa  continues  to  be  thinned 
out  and  the  replacement  forests  are  monocultures 
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of  single  age  classes.  Catastrophic  change  does  not 
seem  imminent  in  Central  A^a.  Gabon,  Central 
African  Republic,  nbrthern  Congo,  and 
southeastern  Cameroon  all  have  vast  forests  and 
sparse  populations.  However,  if  access  becomes 
easier,  fast  destruction  of  forests  can  start,  even 
where  (populations  are  relatively  low. 

By  the  year  2000,  the  closed  forest  area  of 
Africa  wiU  have  been  reduced  from  18Q  to  146 
million  hectares  if  deforestation  cont'*^  es  at  the 
present  rate,  h  seems  likely  that  the  rate  will 
increase,  and  tne  forest  area  may  be  as  small  as 
130  million  »^.<:tares  by  then.  Most  of  the  change 
will  have  resulted  from  clearing  for  agriculture. 
Timber  cutting  for  industrial  wood  products  is 
likely  to  result  in  changes  in  botanic  composition 
of  the  forests,  but  not  in  very  much  deforestation. 
Woodcutting  for  frielwood,  charcoals  and  poles, 
on  the  other  hand,  will  probably  cause  degradation 
of  open  woodlands  and  complete  destruction  of 
many  of  the  mangrove  forests.  Assuming  no 
changes  in.  current  patterns  of  land  use  or  in 
priorities  of  development  project  fimdmg,  substan- 
tial areas  that  are  covered  now  with  mojst  tropical 
forest  will  become  barren  wastelands  with  soils 
that  have  no  potential  for  production,  and  many 
areas  that  aie  dry  open  woodlands  now  will 
become  deserts. 

Asip 

The  less  developed  nations  of  South  and  South- 
east Asia  contained  about  250  million  hectares  of 
ck)sed  forest  i^  1973.  China,  Mongolia,  and  the 
two  Koreas  contained  anothet  110  million  hec- 
tares.'^ Since  then.  South  and  Soutlieast  Asian 
forests  have  probably  decreased  by  about  25 
million  hectares,  while  in  the  more  northern 
countries  of  Asia,  afforestation  programs  have 
oflFset  some  of  the  losses,  so  that  the  net  decline 
in  forest  area  is  probably  less.  The  Asian  LDCs 
have  about  i35  million  hectares  of  rainforest,  55 
nntlhon  hectares  of  tropical  moist  deciduous  forest. 
95  million  hectares  of  other  deciduousjorests,  and 
50  million  hectares  of  coniferous  fores*ts.** 

The  Asian  subregions  are  widely  variable  with 
regard  to  the  distribution  of  forest  resources. 
Table  8-8  summarizes  daia  on  distribution  of 
resources  by  subregion. 

The  1975  harvest  of  forest  products  in  Asian 
LDCs  totaled  about  650  million  cu  m  (underbade;. 
Fuelv/ood  and  charcoal  accounted  for  about  78 
percent  of  the  total;  unprocessed  poles,  posts,  and 
pitprops  accounted  for  another  6  percent.  Sawn 
and  other  processed  wood  products  accounted  for 
16  percent  of  the  total  hA^^^est,  or  104  million  cu 
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m.  About  one-fourth  of  the  wood  harvested  for 
processed  products  was  exported,  mostly  as  saw- 
logs,  mostly  to  Japan.  The  main  exporters,  in 
order  of  value  of  forest  product  exports,  were. 
Malaysia,  Indonesia,  the  Philippines,  China,  Mon- 
golia, Burma,  and  Thailand. 

As  in  Africa  and  Latin  America,  the  demand*^ 
for  wood  products  is  expected  to  rise  rapidly  in 
the  Asian  LDCs,  driven  by  rapid  population 
increases  and  by  substantial  gains  in  GDP  per 
capita.  A  1976  study  by  FAO"  projected  that 
with  GDP  increases  of  2.5  to  3.5  percent  per  year, 
the  Asian  LDCs  would  increase  consumption  of 
forest  products  by  2  to  2.5  times  during  the  1971 
to  1991  period,  and  consumption  of  frielwood,  as 
a  direct  simple  frinction  of  population  growth,  was 
expected  to  be  1.6  times  greater.  The  projections 
assumed  that  relative  prices  of  wood  products 
would  remain  the  same,  and  that  the  proportion 
of  wood  exported  wouM  not  increase.  The  pro- 
jected consumption  rates  were  then  compared  to 
forecasts  of  sustainable  yield  from  the  region's 
forests  to  indicate  the  extent  of  the  wood  harvest 
shortfall  that  can  be  expected  by  1991. 

Supply  of  wood  depends  on  the  volume  of 
growing  stock,  the  net  annual  growth  rate,  the 
rate  of  cutting  and  the  efficiency  of  processing. 
The  1976.  FAO  study  used  estimates  of  growing 
stock  ranging  from  aix)ut  50  cu  m  per  hectare  in 
South  Asia  and  in  the  communist  countries  to  75 
cu  m  per  hectare  in  insular  Southeast  Asia.  The 
net  annua!  growth  is  estimated  at  about  2  percent 
of  the  growing  stock,  or  1.5  cu  m  per  hectare  per 
y^ar.  Thus  the  total  net  annual  growth  for  the 
region's  forest  is  on  the  order  of  540  million  cu  m, 
which  is  less  than  the  1975  harvest. 

By  1991,  more  of  the  annual  growth  will  be 
occurring  in  plantations.  Most  of  the  plantations 
to  date  are  in  China,  where  the  main  objective 
has  b»  -^n  watershed  protection.  Afforestation  to 
regulate  water  flow  and  to  counter  soil  erosion 
began  30  ye^s  ago  in  China.  As  many  as  100 
million  hectares  may  have  been  planted  in  the 
years  since,  but  the  survival  rate  of  the  seedlings 
has  been  low.  The  Chinese  government  has  not 
yet  released  forest  statistics  on  a  national  level, 
but  the  FAO  study  uses  an  estimate  of  about  30 
million  hectares  of  plantation  trees  in  China  in 
1970,  plus  another  2.3  million  hectares  in  the  other 
Asian  LDCs.  The  plantation  area  in  1990  is 
expected  to  be  on  the  order  of  60  million  hectares. 

Deforestation  is  occurring  most  rapidly  in  the 
LDCs  of  tropical  Asia.  The  Green  Revolution  has 
caused  only  about  half  the  food  production  in- 
creases achieved  in  Asia  over  the  past  two 
decades.  The  other  half  has  come  from  expanding 
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TABLE  8*8 

Asi*— DIslributioii  of  Forest  Resources  by  Subregion 

Opemble  Forest  Areas 

{millions  of  hectares) 


Operable  Closed  Forest 

Total  Area 

Subregion 

In  use 

Total 

Itioperable 

of 

'  Closed  Forest 

Alia  Far  East  region 

279.8 

378.3 

158.7 

<         537.0  . 

South  Aik 

53.2 

58.5 

12.0 

70.5 

Continental  Southeast  Asa 

52.3 

72.6 

18.5 

.  91.1 

Insular  Southeast  Asia 

36.0 

71  9 

32  9 

124.8 

East  Alia  developing 

4.0 

5.2 

1.4 

6.6 

Oceania  developing 

2.1 

16.3 

23.0 

39.3 

East  Asia  developed 

24.1 

24.1 

•  1  1 

25.2 

Oceania  developed 

292 

29.2 

20.2 

49.4 

CtotraUy  planned  countnes 

78.9 

100.5 

29.6 

130.1 

Growing  Stock— Closed  Forest 


Operable  Closed  Forests 


Total 


Conif- 
erous 


Bnoad- 
leaved 


Currently 
Commercial 
Species 

Broad- 
leaved 


Asia  Far  East  region 

29.000 

5.600 

23.40G 

South  Asia 

3.000 

400 

2.600 

Continental  Southeast  Asia 

5.000 

I 

5.000 

Insular  Southeast  Asia 

9,200 

40 

9.200 

East  Asia  developing 

60 

30 

30 

Oceania  developing 

1.600 

30 

1,500 

East  Asia  developed 

2.000 

1.100 

900 

Oceania  developed 

1,500 

400 

1,100 

Ctotiilly  planned  countries 

6,500 

3,600 

2,900 

Somrct  EuropeAii  Economic  Coirmtssion  UW).  pp  IS.  19 

million 
l'5,000 
1,900 
3.400 
5.200 
30 
700 
800 
1.000 
2.300 


All  Closed  Forests 

Total 

Conif- 

Broad- 

eiDus 

leaved 

39.000 

7.000 

32.000 

3,500 

600 

2,900 

6.300 

50 

6,200 

13.300 

50 

13.200 

80 

4C 

40 

3,000 

30 

3,000 

2.100 

1.100 

l.OQO 

2.000 

500 

1,500 

8.4C0 

4.700 

3.700 

the  area  harvested,  by  increasing  the  crops  per 
year  in  some  places  and  by  clearing  new  fields  in 
others.  The  yield  increases  seem  to  be  reaching  a 
plateau  in  several  of  the  Asian  LDCs,  so  that  an 
even  greater  proportion  ci  the  needed  3  to  4 
pk^i^nt  per  year  increase  in  food  production  may' 
have  to  come  from  rjewly  cleared  fields.  ^ 

Forest  areas  for  which  conversion  to  farmland 
is  Ur^Kty  planned  are  substantial  in  continental 
and  insular  Southeast  Asia,  and  shifting  agricul- 
ture is  consuming  an  increasing  portion  oS  both 
insular  and  mahiland  forests.  In  the  Philippines, 
an  estimated  200,000  hectares  of  forest  is  de- 
stroyed by  the  shifting  farmers  each  year.  In 
Thailaind,  they  clear  an  estimated  250,000  hectares 
per  year.  In  Indonesia,  shifting  cultivation  is  said 
to  have  .devastated,  about  30  million  hectares  of 
forest,  which  are  now  degraded  grasslands,  and 
the  forest  currently  being  used  for  shifting  culti- 


vation in  that  country  is  estimated  at  2  million 
nectares. 

Commercial  logging  by  itself  does  not  necessar- 
ily result  in  destruction  of  the  forest  cover,  but  in 
most  of  the  Asian  LDCs  the  loggers  arc  responsi- 
ble for  making  the  forest  acces^e  to  farmers.  In 
most  cases  the  settlement  of  logged-over  land  is 
spontaneous,  rather  than  planried. 

The  FAO  study  estimates  that  by  1990,  the 
operable  forest  area  in  South  Asia  and  Southeast 
Asia  will  be  reduced  by  34  percent,  while  the 
forest  area  in  China  and  the  Koreas  will  have  a  4 
percent  net  increase  because  of  continued  affores- 
tation. The  study  assumes  that  techniques  of 
harvesting,  marketing,  and  processing  will  im- 
prove so  that  90  percent  of  the  logs  wiir  be 
commercially  used,  as  opposed  to  only  25  percent 
^  at  present.  The  study  ftirther  assumes  that  the 
trees  outside  the  closed  forests  will  continue  to 
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supply  about  250  million  cu  m-  of  fuelwood  per 
year  on  a  sustained  basis. 

By  the  year  2000,  the  natural  closed  forests  of 
South  and  Southeast  Asia  are  likely  to  be  reduced 
to  less  than  100  million  hectares.  The  natural 
forests  that  remain  wilj  be  either  in  inaccessible 
mountainous  or  swampy  regions,  or  will  be  pro- 
tected by  law,  or  will  be  so  degraded  as  (o  be 
commercially  useless.  These  subregions  may  have 
about  5  million  hectares  of  plantation  forests  by 
that  time.  In  China,  Mongolia,  and  the  Koreas* 
the  forest  area  may  increase  slightly,  as  forest 
clearing  is  offset  by  continued  afforestation. 

Erosion,  siltation,  flooding,  and  other  problems  , 
associated  with  deforestation  are  likely  to  have 
become  a  severe  constraint  on  food  production  by 
the  year  2000  in  South  and  Southeast  Asia.  The 
ecological  diversity  of  the  region  will  be  much 
lower,  and  populations  of  the  remaining  fauna 
may  be  expected  to  fluctuate  much  more  widely, 
with  some  species  becoming  extinct  in  the  low 
flux  and  other  species  becoming  hazardous  pests 
in  the  high  flux.  It  seems  likely  that  some  of  the 
region's  present  potential  to  support  human  pop> 
uiations  will  have  been  irretrievably  lost. 

The  Special  Problem  of  Tropical 
Moist  Forests 

As  aheady  indicated,  the  most  drastic  changes 
in  forest  icsource  inventories  and  in  forest  envi- 
ronments will  occur  in  the  less  developed  coun- 
tries. All  types  of  forests  in  those  countries  will 
be  affected;  evergreen  rainforests,  moist  deci- 
duous forests,  dry  deciduous  forests,  and  open 
woodlands.  The  effects  of  changes  in  the  first  two 
types  will  be  of  greatest  importance,  for  several 
reasons:  first,  because  the  evergreen  and  deci- 
duous mois;  forests  of  the  tropics  cover  larger 
areas  than  the  other  types;  second,  because  the 
moist  forests  have  less  potential  for  recovery;  and 
third,  because  the  moist  forests  are  genetically 
and  ecologically  richer  resource  systems. 

It  is  useful  to  distinguish  between  forest  modi 
fication  and  transformation.  Modification  results 
from  selective  logging  and  from  shifting  agricul- 
ture; transformation  results  when  the  original  or 
modified  natural  forest  is  totally  removed  and  is 
replaced  by  agricultural  settlement,  man-made 
forest  or  wastelanJ.  Modification  of  moist  tropical 
forests  through  shiftin['  agriculture  is  generally 
believed  to  result  in  a  pennanent  degradation  of 
biological  productivity.  This  is  because  most  of 
the  plant  nutrients  in  a  tropical  moist  forest 
system  arc  held  in  the  standing  pla^it  cover,  rather 
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than  in  the  soils.  As  the  plants  gradually  die,  fall, 
and  decompose,  the  enormous  mass  of  vegetation 
quickly  recaptures  the  nutrients.  However,  the 
slash  and  bum  method  of  the  shifting  fanners 
results  in  sudden  release  of  the  plant  nutrients  at 
a  time  when  power  of  the  vegetation  to  recapture 
the  nutrients  has  been  greatly  reduced.  Because 
of  the  quantity  and  intensity  of  tropical  rains,  the 
soluable  nutrients  are  usually  leached  too  deeply 
into  the  earth,  and  are  effectively  lost  from  the 
ecosystem. 

Modification  through  selective  Jogging  seems 
likely  to  h^ve  a  less  permanent  effect  on  the  forest 
ecosystems,  since  at  present  only  a  smdl  propor- 
tion of  the  trees  are  commercially  useful,  and  only 
the  stems  of  those  trees  are  removed  from  the 
forest.  Physical  destruction  that  results  fh)m  selec- 
tive logging  is  considerably  greater  in  tropical 
mohi  forests  than  in  the  temperate  zone  forests, 
however.  The  tropical  moist  forest  is  usually 
multistoricd,  with  commercially  valuable  trees 
often  limited  to  those  which  form  the  upper-most 
story.  The  crowns  of  such  trees  are  lai^e  and 
vines  form  strong  physical  links  within  and  be- 
tween the  several  siories.  As  a  result  the  felling 
operations  are  massively  destructive.  Even  more 
destructive  are  the  extraction  operations.  In  addi- 
tion to  its  direct  impact  on  the  vegetation,  the 
extraction  process  disturbs  large  expanses  of  the 
forest  floor,  often  exposing  mineral  soil  to  erosion 
and  to  other  forms  of  physical  and  chemical 
degradation,  which  occur  much  more  rapidly  in 
hot  wet  climates  than  in  temperate  zone  areas. 

Most  studies  of  tiopical  forestry  forecast  that 
the  number  of  species  and  proportion  of  size 
classes  used  will  be  greatly  increased  during  the 
next  decade.  There  are  several  advantages  to 
increased  intensity  of  forest  use,  the  main  one 
being  that  more  wood  can  be  harvested  from  less 
land.  There  are  many  potential  problems  however. 
Nutrient  depletion  will  be  increased  as  greater 
volumes  of  wood  will  be  removed.  Ecological 
diversity  will  be  lowered,  and  consequent  popula- 
tion explosions  of  pest  plants  and  animals  are 
likely  to  occur.  Water  yield  and  quality  are  likely 
to  si'ffer  if  large  areas  are  intensively  cut-over,  as 
very  little  is  known  about  how  to  forestall  water 
problems  in  the  tropics.  The  few  techniques  for 
water  conservation  that  have  been  developed  are 
seldom  implemented,  as  the  institutional  structure 
is  lacking.  Effects  of  intensive  forest  use  cn  soil 
structure  and  soil  microorganisms  in  the  tropics 
are  virtually  unknown,  but  are  almost  certain  to 
be  negative.  The  commercial  and  environmental 
quality  of  the  second-growth  forest  that  will  follow 
intensive  forest  use  is  another  unknown.  It  will  be 
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lower  than  the  quality  of  second  growth  that  now 
follows  selective  logging,  unless  improved  sUvicul- 
tural  techniques  are  developed  and  implemented. 

Techniques  for  minimizing  the  environmental 
damage  that  will  result  from  intensified  use  of 
tropical  Aioist  forests  have  been  proposed,  and 
some  research  has  begun  to  develop  new  meth- 
ods, such  as  logging  in  relatively  narrow  strips, 
leavmg  wider  strips  of  natural  forest  undisturbed. 
However  the  capital  and  institutional  constraints 
on  improved  management  of  logged-over  areas, 
and  the  lack  of  control  that  LDC  governments 
have  over  operations  of  commercial  loggers,  are 
likely  to  prevent  conservation  on  any  substantial 
portion  of  the  tropical  moist  forests. 

Resource  planners  for  tropical  regions  have  no 
method  with  which  to  determine  the  balance 
between  the  benefits  and  costs  of  transforming 
tropical  moist  forest  land  to  other  uses.  The 
benefits  are  usually  relatively  immediate  and  can 
be  measured  in  terms  ^of  economic  gctins.  This 
paper  has  no  solution  to  the  problem  of  weighing 
benefits  against  costs.  Rather  the  mam  environ- 
mental coslv  will  be  bnefly  reviewed,  to  indicate 
the  kinds  of  changes  that  may  be  forecast  for  the 
year  2000  These  costs  include*  the  risk  of  creating 
a  useless  wasteland;  the  acceleration  of  rainwater 
runoff,  with  consequent  erosion,  siltation,  and 
failure  to  recharge  aquifers;  the  loss  of  ecologiciil 
diversity;  the  more  extreme  microclimate;  and  the 
permanent  loss  of  genetic  resources. 

The  loss  of  ecological  diversity  is  the  most 
subtle  cost.  Tropical  moist  forests  are  believed  to 
comprise  the  most  complex  ecosystems  in  nature. 
Their  diversity  gives  them  great  stability  in  rela- 
tion to  the  kinds  ot  natural  changes  under  v  hich 
they  have  evolved.  Under^^onditions  of  forest 
destruction  by  mjin  however,  the  diversity  makes 
them  fragile  rather  than  stable.  Where  tropical 
moist  forest  is  removed,  that  kind  of  forest  and 
nearly  all  the  species  it  contiuns  will  disappear. 

There  are  other  consequence  ^  of  the  loss  of  the 
forest's  diversity,  which  may  become  more  im- 
mediate costs.  Animal  conimunitie: .  Iik^'  tree 
communities,  are  much  less  diverse  after  tue 
forest  IS  destroyed.  71ie  populations  of  remnant 
animals  often  become  very  high,  and  cause  mas- 
sive depredations  on  newly  created  croplands. 

Water  quality,  quantity,  and  timing  in  tropical 
streams  and  aquifers  depend  to  a  great  extent  on 
the  forest  cover  Where  the  cover  is  maintained, 
rainwater  infiltrates  the  soil,  streams  aie  fed 
gradually  by  subsurface  flows  of  relatively  clean 
water,  and  aquifers  are  recharged  by  deep  infiltra- 
tion Where  forest  cover  is  removed  from  sloping 
land,  more  of  the  rainwater  becomes  surface 


runoff  and  streams  are  filled  suddenly  with  silt- 
laden  water  that  may  be  contaminated  with  pesti- 
cides, fertilizers,  or  other  pollutants.  As  steeper 
slopes  are  deforested,  the  stream  flows  become 
more  erratic.  Sedimentation  in  streambeJs  raises 
them,  further  increasing  flood  frequency  and  se- 
verity. At  the  same  time,  groundwater  tables  fall 
'4nd  wells  become  seasonal  at  best.  Reservoirs 
and  other  irrigation  works, beccme  choked  with 
silt,  and  must  be  dredged  at  high  cost  or  aban- 
doned and  replaced  with  new,  more  expensive 
systems.  There  is,  of  course,  a  limit  to  the  suitable 
sites  for  reservoirs. 

The  effect  of  tropical  moist  forest  on  microcli- 
mate is  related  mainly  to  the  balance  between 
sen^ibl*  heat  and  latent  heat  in  the  environment. 
When  the  forest  is  razed,  the  heat  that  had  fueled 
the  evapotranspiration  process  instead  raises  the 
environment's  temperature,  usually  to  the  detri- 
ment of  seed  germination,  plant  survival,  animal 
survival,  and  human  c<ttlfort.  Where  soil  is  poor 
and  natural  moist  forestV  not  replaced  with  year- 
round  agriculture  or  man^fjiade  forest,  there  may 
be  a  positive  feedback  in  the  microclimate  system 
that  leads  to  self-generating  aridity 

Global  Linkages  and  the  Year  2000 
Scenarios 

Global  Linkages 

Changes  in  the  forest  environments  of  the 
several  regions  will  impact  on  global  environment 
and  global  economic  interact:  ins  in  several  ways, 
the  interregional  linkages  include:  availability  of 
genetic  resources,  trade  of  forest  products,  effects 
of  deforestation  on  climate  and  on  the  production 
and  tride  of  agncultural  products,  and  interna- 
tional transfer  of  technology  for  forest  manage- 
ment and  for  wood  processing. 

During  the  coming  decades,  some  forest  plant 
and  animal  species  will  become  extinct  as  intensi- 
fied use  leads  to  ecological  simplification  of  the 
temperate  zone  forests.  More  importantly, 
hundreds  of  species  will  become  extinct  as  the 
moist  tropical  forests  are  lazcd.  There  will  be 
local  effects  on  ecosystem  stability  and  global 
effects  on  agriculture.  The  genetic  reservoir  for 
many  tropical  crops  is  in  the  moist  forests.  These 
include  bananas,  cocoa,  oil  palm,  mango,  n.any 
other  fruits,  rubber,  lac,  and  various  resins.  Im- 
proving production  from  any  of  these  crops  may 
depend,  as  development  of  hybrid  maize  de- 
pended, on  the  availability  of  wild  varieties  of  the 
domestic  plant.  For  most  such  crops,  genetic 
research  has  hardly  begun,  and  as  wild  varieties 
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are  lost,  there  is  less  potential  for  development  of 
high-yiield  strains,  or  of  strain:  resistant  to  pests, 
diseases,  and  drought.  Also,  opportunities  for 
development  of  new  products,  medicines,  foods, 
drinks,  resins,  specific  pesticides,  and  so  forth; 
are  diminished  as  the  tropical  moist  forests  are 
cleared.  ' 

The  interregional  linkage  provided  by  interna- 
tional trade  in  forest  products  will  be  stronger  in 
some  cases  and  in  others  will  disappear.  Japan 
and  Western  Europe  will  be  increasingly  depend- 
ent on  Canada  and  the  U.S.S.R.  for  pulp  supplies 
and  for  softwood  sawlogs  Japan  will  no  longer  be 
able  to  import  sufficient  tropical  hardwood  saw- 
logs  and  veneer  logs  from  Asia,  and  European 
importers  will  be  paying  much  higher  prices  for 
■^wlogs  from  Africa.  Only  northern  South  Amer- 
ica is  likely  to  be  exporting  more  sawlogs  in  the 
year  2000  than  it  does  now.  The  United  States 
will  probably  remain  self-sufficient  in  pulpwood 
and  may  become  more  nearly  self-sufficient  in 
sawlogs  as  the  global  supply  becomes  tighter. 

Scientists  have  wondered  and  speculated  about 
the  impact  of  forests  on  climate  since  the  time  of 
Plato,  but  as  yet  there  is  no  agreement  on  how 
deforestation  affects  regional  and  global  climates. 
Three  mechanisms  through  which  deforestation 
may  be  changing  climate  have  been  discussed  in 
recent  articles.  First,  the  carbon  dioxide  content 
of  the  atmosphere  is  increased  as  carbon  stored  in- 
forest  ^iomass  and  in  forest  soifs  is  released. 
However^  the  amount  of  carbon  being  released  to 
the  atmosphere  has  not  been  accurately  estimated, 
and  the  proportion  of  the  CO,  re-stored  in  wood 
elsewhere  or  absorbed  by  the  oceans  has  not  been 
determined.  Measurements  of  atmospheric  CO, 
do  confirm  that  the  concentration  of  carbon  in  the 
atmosphere  has  been  increasing  at  the  rate  of  0.2 
percent  per  year  since  1958,  and  that  the  rate  is 
accelerating.  Most  of  that  increase  is  due  to 
burning  of  fossil  fuels,  however.  It  seems  likely 
that  the  COx  content  of  the  atmosphere  will 
increase  by  at  least  25  percent  during  the  1978- 
2000  period,  bpt  how  this  will  affect  gibbal  or 
regional  climates  is  unknown. 

Another  mechanism  through  which  deforesta- 
tion may  siffect  regional  or  global  climate  changes 
is  change  of  the  earth*s  surface  albedo,  which, 
along  with  the  increased  ratio  of  sensible  to  latent 
heat,  may  affect  the  generation  and  dissipation  of 
tropical  easteriy  waves  or  niay  affect  the  dynainics 
of  general  atmospheric  circulation.'*  The  third 
mechanism  is  the  increase  in  dust  from  deforested 
areas.  At  least  one  climatologist  has  argued  that 
in  the  Riyputana  region  of  Ir^dia,  extensive  atmos- 
pheric dust  prevents  nfK)ist  air  from  rising,  and 
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thus  inhibits  precipitation,  causing  a  man-made 
desert.*' 

The  most  significant  of  the  global  linkages  is 
probably  the  impact  fii  deforestation  oif  the  wel- 
fare of  the  LDC  populations.  Energy  crises  caused 
by  short  supplies  of  oil  in  the  industrial  nations 
will  not  be  more  profound  than  the  crises  caused 
.by  short  supplies  of  fuel  wood  and  charcoal  in  the 
LDCs.  Fuel  consumption  per  capita  is  already 
minimal  for  both  the^  rural  and  urban  LDC  poor. 
They  will  have  to  cut  back  consumptibn  even 
more  as  populations  grow  and  wood  becomes  . 
scarce.  Gradually  the  urban  poor  will  have  to 
allocate  a  larger  portion  of  their  incomes,  and  the 
rural,  poor  a  larger  portion  of  their  time,  ta 
aquisition  of  the  minimum  amount  of  fuel  needed 
for  survival.  These  reallocations  of  money  and 
time  will  erode  productivity  and  consequently 
human  welfare. 

Deforestation  increases  food  production  in  the  ^ 
LDCs  wherever  it  leads  to  an  increase  in  the 
arable  land  area.  As  the  limits  of  arable  land  are 
approached,  however,  continued  deforestation 
suppresses  agricultural  production.  The  negative 
effects  include  direct  environmental  ^processes, 
such  as  the  siltation  of  irrigation  works,  and 
indirect  effects.  As  wood  has  become  scarce  in 
South  Asia,  for  example,  cattle  dung  and  crop 
residues  that  once  functioned  to  maintain  soil 
fertility  have  been  used  foe  fuel.  In  India,  Paki- 
stan, Java,  Madura,  and  in  part$  of  Central 
America  and  West  Africa,  the  negative  effects  of 
deforestation  have  already  begun  to  constrain 
food  production.  It  appears  likely  that  by  the  year 
2000,  the  eficf'ts  will  be  severe  throughout  tlie 
tropical  regions  Both  fiiel  and  food  Portages 
couki  result  in  increased  LDC  demands  for  akl, 
and  suppression  oi  the  LDC  economies  may 
reduce  niarkets  for  the  products  of  the  industrial- 
ized economies. 

The  Year  2000  Scenarios 

'  The  future  may  beUess  gloomy  than  the  fore- 
going implies.  To  some  extent,  the  negative  im- 
pacts of  deforestation  may  be  offset  by  reforesta- 
tion and  afforestation  "programs.  Furthermore  it 
may  be  possible  for  some  countries  ^  slow  down 
the  deforestation  rates.  In  Thailand,  for  example, 
the  govenmient  announceo  in  January  1978  that  it 
wouki  begin  to  use  its  most  extraordinary  powers 
of  summary  judgment  and  even  execution  to  ^ 
punish  unauthorized  cutting  in  the  national  forests. 
This  resolve  follows  years  of  failure  to  enforce  the  , 
iesi>  powerful  forest  protection  laws,  already  in 
existence.  The  change  was  prompted  by  an  in- 
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creasing  frequency  of  disastrous  floods  and  also 
by  an  investigation  that  indicated  the  forest  re- 
source was  being  destroyed  at  the  rate  of  U 
percent  per  year  and  would  be  totally  lost*  within 
a  decade.  Whether  LDC  governments  have  suflR- 
cient  control  over  farmers  and  loggers  remote 
from  the  seats  of  government  to  keep  them  from 
cutting  the  forests  in  desperate  quest  for  cropland 
and  wood  products  remains  to  be  seem 

An  optimistic  scenario  would  have  governments 
of  the  LDCs  bringing  deforestation  under  control 
during  the  next  decade,  so  that  by  1990  forests 
would  be  transformed  to  cropland  only  where 
soiJs  were  known  to  be  arable.  Logging  would  be 
accompanied  in  both  the.  developed  and  develop- 
ing world  by  intensified*  silvicultural  efforts  that 
would  assure  sustained  yields  of  wood  products. 
Reforestation  with  mixed  species  of  trees  for 
industrial  Wood  would  be  greatly  accelerate(i  in  • 
the  LEXTs,  and  a  crash  program  of  developing, 
village  fuelwood  plantations  would  be  imple- 
mented. Reforestation  and  afforestation  for  wa- 
tershed protection  would  be  given  top  priority  in 
the  development  programs  of  South  and  Southeast 
Asia  and  Central  America,  as  would  the  develop- 
ment and  dif!usion  of  solar  cookers  and  bio-gas 
generation  plants.  Genetic  resources  would  be 
conserved  with  programs  combining  national 
parks  and  germ  plasm  banks.  New  technologies 
that  increase  the  eflTiciencies  of  forest  harvesting 
and  wood  processing  would  be  developed  and 
become  economic  so  quickly  that  the  rapidly 
increasing  demands  for  industrial  wood  products 
could  be  met  without  overcutting. 

While  each  of  the  above  developments  is  possi- 
ble, it  seems  unlikely  that  they  will  all  occur  in 
the  relatively  brief  I97a-?000  period. 

A  more  realistic  scen^jjo  includes  some  but  not 
all  of  the  above  changes  in  policies  and  trends. 
Some  changes,  such  as  resolve  by  a  government 
to  spend  whatever  political  capital  is  necessary  to 
protect  its  forest  resources,  are  entirely  internal 


matters.  Other  changes,  such  as  implementation 
of  crash  programs  for  fuelwood  plantations,  couW 
require  aid  programs  developed  by  international 
agencies.  Increased  investment  in  silviculture  in 
the  industrialized  countries  and  more  plantations 
of  fast-growing  trees  for  industrial  wood  produc- 
tion in  the  LDCs  are  most  likely  developments. 

Table  8-9  summarizes  forecasts  of  forest  re- 
sources by  global  region  for  the^year  2000.  The 
figures  represent  a  mildly  optimistic  scenario. 


TABLE  *-9 

Estimates  of  World  Forest  Resources,  1978^ 
and  2000 

Growing  Slock 
of  Commercial 

-  Sized  WooJ  in 

Closed  Forests 
ani^in  Open 
Closed  Forest  Woodlands 

{mtlhons  of         {htUums  («  m 
hectares)  o\erhark) 


-  1978 

2000 

1978 

2000 

USSR 

785* 

775 

79 

77  ' 

Eufopc 

140 

150 

15 

13 

North  America 

470 

464 

58 

.  55 

Japan,  Australia, 

New  Zealand 

69 

68 

4 

4 

Subtotal 

1.464 

1,457 

156 

149 

Latm  America 

550 

329 

94 

54 

Afnca 

188 

150 

39 

31 

Asian  and  Pacific 

LDCs 

361 

181 

38 

19 

Subtotal  (LDCs) 

1,099 

660 

171 

104 

World 

2.563 

2,117 

327 

^53 

World  population 

{billion  s) 

4  3 

64 

Wood  per  capita 

(cu  m) 

76 

40 

Snitrif  Ba&ed  «n  vJtlcuUtions  from  preceding  imMe^  arid  defgre^taUin  T%tc% 
cilcd  in  (he  fm>tnO«b^t  the  beginning  of  this  chapter 
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9  Water  Projections 


Of  ail  the  sui3stances  found  on  the  earth,  those 
most  fundamental  to  the  existence  of  man,  or  to 
the  existence  of  life  itself,  are  unquestionably 
water  and  air.  Water  comprises  some  three-quar- 
ters of  the  surface  of  the  earth,  including  the  great 
oceans,  the  inland  lakes  and  rivers,  and  the  polar 
icecaps.  Water  is  the  msyor  constituent  of  Uving 
matter,  fhether  animal  or  vegetable.  The  processes 
^  of  life  depend  upon  a  continuous  exchange  of 
water  between  living  matter  and  the  environment, 
and  this  exchange  constitutes  an  important  link  in 
the  global  hydrologic  cycle. 

From  the  time  jnitive  man  first  organized  for 
the  gathering  or  production  of  food  and  clothing, 
water  has  been  a  critical  factor  in  man's  economic 
activities.  Lakes,  nvers,  and  oteans  have  pro- 
vided sustenance,  transportation,  and  protection. 
Population  centers  evolved  ak>ng  the  shores  of 
water  bodies,  and  economic  development  took 
place  akmg  shores  and  m^r  river  valleys. 

Increasing  development  and  advancing  technol- 
ogy have  served  to  fiiither  magnify  man's  depend- 
ence upon  water.  In  modem  societies,  water  is 
used  for' human  consumption,  for  transport  of 
wastes,  for  sanitation  in  general,  for  the  produc- 
^tion  of  energy,  for  all  types  of  industrial  produc- 
tion, for  agricultural  production,  for  transporta- 
tion, and  lor  recreation. 

In  order  to  confine  this  discussion  to  the  uses 
of  water  of  most  interest  to  resource  planning, 
only  those  uses  requiring  deliberate  diversion  of 
water  from  the  hydrologic  cycle  (by  withdrawal 
from  stream,  lake,  or  aqutfer)  will  be  considered. 
This  exchides  such  '*in-stream'*  uses  as  water 
transportation,  use  of  water  as  an  energy  source, 
and  flood*plain  agriculture. 

While  tlie  klentification  of  water  as  an  important 
natural  resource  seems  beyond  argument,  water 
has  not  ahvays  been  viewed  as  a  resource  in  the 
same  sense  as  coal,  petroleum,  mineral  ores, 
timber,  and  crops.  In  fact,  the  managem<:nt  and 
utilization  of  water  has  fcliowed  patterns  distinctly 
different  from  those  of  other  economic  resources. 
The  differences  may  stem  frorr  the  relative  abun- 
dance of  water  in  many  parts  of  the  worid.  or 
torn  ambiguity  concerning  the  resource  nature  of 
water. 


In  common  usage,  a  resource  is  something 
that  can  be  used  for  supply  or  support.  This 
definition  includes  most,  if  not  all,  components  of 
the  physical  environment.  Resources  that  attract 
the  attention  of  analysts  and  policymakers,  how- 
ever, are  those  that  display  an  additional  chaqic- 
teristic — scarcity.  If  all  resources  were  available 
in  unlimited  quantity  wherever  and  whenever 
desired,  resource  planning  and  resource  manage- 
ment would  not  be  required.  Most  resources  are 
scarce  in  some  sense,  and  these  scarce  (or  eco- 
nomic) resources  arc  the  legitimate  object  of 
national  and  global  concem. 

This  chapter  will  examine  the  resource  nature 
of  water,  in  particular  the  properties  that  distin- 
guish it  from  other  scarce  resources.  Water  supply 
will  be  discussed,  .as  well  as  the  nature  of  the 
demand  for  water,  together  with  the  problems  of 
identifying  existing  scarcity  and  of  predicting 
scarcity  in  the  future.  Finally,  the  nature  of 
adjustments  to  water  scarcity,  including  their 
implications  for  other  resource  stocks,  will  be 
reviewed. 

Properties  of  Water  Resources 

The  concept  of  water  a$  an  economic  resource, 
subject  to  scarcity  and  dependent  upon  rational 
management,  is  not  universally  shared.  Water  has 
often  been  ignoifd  in  resource  plarming  efforts  or 
has  been  presutned  to  obey  economic  laws  differ- 
ent from  those  that  apply  to  other  resources.  The 
planning  and  construction  of  water  supply  works, 
the  allocation  of  water  among  users,  the  pricing  of 
water — these  and  other ,  activities  have  been  fre- 
quently influenced  by  the  notion  that  water  is 
virtually  **free  goods,"  which  sh'^iW  be  provided 
as  cheaply  as  possible  in  any  qu;^  ^ity  desired. 

Even  where  water  is  conspicuously  scarce,  it 
may  ^  diverted  to  low-value  uses  to  the  detri- 
ment of  other  users  aiKi  of  future  sun>lies.  At  the 
same  time,  water  shortages  occur  wcnldwkle  with 
increasing  frequency,  due  to  drought  or  other 
reasons,  ^en  leading  to.  serious  economic  disrup- 
tion and  human  suffering. 

A  number  of  specific  properties  ot  water  re- 
sources contribute  to  the  tendency  to  inappro- 
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priatc  water  policy  and  combine  to  frustrate 
attemnts  at  rational  water  resource  planning.  Six 
general  properties  of  water  resources  are  listed 
below. 

K  Water  is  ubiquitous.  It  may  be  safe  to  say 
that  no  place  on  earth  is  wholly  without  witer.  In 
general,  vast  quantities  of  water  surroOnd  most 
locales  of  human  activity.  While  the  means  by 
which  water  is  moved  4o  the  point  of  use  may  be 
of  conceTi,  and  while  the  quality  of  available 
water  may  not  be  all  that  could  be  hoped  for,  the 
existence  of  water  is  a  fundamental  assumption. 

2.  Water  is  a  heterof^eneous,  resource.  While 
few  natural  resources  are  perfectly  homogeneous 
in  the  environment  or  in  their  use,  water  may  be 
the  least  homogeneous  of  alf.  Although  Uied  in 
the  liquid  form,  water  is  found  as  a  liquid,  a  solid, 
or  a  gas.  As  a  liquid,  jj;  may  exist  as  a  lake  or  a 
sea,  as  a  flowing  stream,  of' as  an  underground 
deposit.  Us  chemical  and  biological  constituents 
vary  widely.  Water  Uses  may  range  from  himfem 
consumption  to  cooling  sheets  of  hot  steel,  aind 
each  use  implies  constraints  on  chemical  or  bio- 
logica!  quality.  In  fact,  more  than  99  percent  of 


the  water  on  the  globe  is  unavailable  or  unsuitable 
for  beneficial  use,  because  of  salinity  (seawater) 
or  location  (polar  icecaps).  The  beneficial  use  of 
water  requires  more  than  the  coincidence  of 
supply  and  demand;  the  characteristics  of  the 
water  supplied  must  match  the  requirements  of 
the  use  for  which  the  water  is  demanded. 

3«  Wa^r  is  a  renewable  resource,  the  forces  of 
nature  constantly  renew  all  water  resources.  The 
process  is  depicted,  in  broad  outline,  in  Figure  9- 
1,  which  divides  the  hydrologic  cycle  into  three 
m^or  water  locations:  the  atmosphere,  the  land, 
and  the  oceans.  Water  faUs  from  the  atmosphere 
as  precipitation  on  both  land  and  oceans.^ 
portion  of  that  falling  on  land  returns  to  the 
atmosphere  as  a  consequence  of  evaporation  and 
of  transpiratio  i  by  living  matter.  Water  that  does 
not  return  immediately  to  the  atmosphere  is  stored 
m  lakes  and  rivers,  as  icecaps  and  glaciers,  or  as 
underground  reserves,  or  it  runs  off  to  the  oceans. 
The  water  that  enters  the  oceans  by  precipitation 
or  by  runoflF  from  land  is  essentially  returned  to 
the  atmosphere  by  evaporation.  The  chemical  and 
biological  quality  of  water  at  various  places  and 


Figure  %L  Annuti  circulation  of  the  hydroiphere.  in  qutdnHionf  of  cubic 


meters. 
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times  is  also  subject.to  deterioration  and  renewal, 
'  especially  in  lakes  and  strean  An  important 
aspect  of  the  ren^wability  of  water  is  the  limited 
yet  significant  ability  of  man  to  intervene  in  the 
renewal  firocess.  Modem  technology  permits  the 
exchange  of  water  between  surface  sources  (lakes, 
rivers)  aiMi  ground  water  sources,  the  restoration 
of  contaminated  water  to  higher  levels  of  quality, 
the  reclamation  of  water  from  the  sea,  and,  in 
some  instances,  the  alteration  of  the  pattern  of 
precipitation.  While  such  efforts  have  resource 
costs  in  themselves,  their  possibility  modifies  the 
renewability  characteristic  of  water  in  important 
ways. 

4.  Water  may  he  common  property  Unlike 
mineral  resources,  which  are  relatively  well  de-' 
fined  in  space  and  subject  to  private  ownership  in 
many  societies,  water  is  ubiqu!tous  and  nonsta- 

'  tionary.  Accordingly,  property  rights  in  a  water 
resource  are  typically  ill  defined  or  noijexistent 
(the  system  of  water  rights  in  the  Western  states 
constitute^  an  important  partial  exception).  Since 
water  withdrawals  are,  in  principle,  available  to 
all  comers  without  direct  charge  for  withdrawal, 
any  opportunity  costs  that  might  be  associated 
with  witH(jrawal  are  not  faced  by  the  withdrawer, 
y  and  no  inherent  mechanism  for  efficient  allocation  . 
^  e«i|ls,  VVater  is  typically  treated  as  a  free  good  by 
actual  u^rs,  even  during  times  of  scarcity,  when 
many  potential  users  may  be  excluded.  Users 
recognize  the  costs  of  capturing,  treating,  and 
transporting  water  but  do  not  associate  cost  with 
the  water  itself.  As  a  result,  past  patterns  of  water 
use  provide  only  a  flawed  guide  to  future,  hope- 
fully more  efficient,  allocations. 

5.  Water  Ls  used  in  vast  quantities.  Because  of 
the  many  uses  to  which  water  is  put  and  the 
liberal  quantities  traditionally  associated  with 
many  uses,  the  quantity  of  water  used  annually' 
exceeds  by  far  the  total  quantity  ustd  of  any  other 
single  resource,  or  of  many  other  resources  taken 
together.  In  recent  years,  the  total  quantity  of  the 
world^s  production  of  minerals,  including  ;oal, 
petroleum,  metal  ores,  and  nonmetais,  has  been 
estimated  as  about  8  x  10^  metric  tons  per  year. 
Total  water  use,  on  the  other  hand,  has  been 
estimated  near  3  x  |0*^  metric  tons  per  year, 
nearly  three  orders  of  magnitude  larger.  This 
amounts  to  about  800  metric  tons  per  person  per 
year,  worldwide,  including  all  water  used  in  (non- 
hydropower)  energy  production,  in  industry,  and 
for  irrigated  agriculture,  as  well  as  water  for 
domestic  and  municipal  uses. 

6.  Water  is  very  inexpensive.  For  various  rea- 
sons— including  water's  common  property  nature, 
the  nature  of  water  supply  technology,  and  econ- 
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omies  of  scale — ^water  is  very  inexpensive.  The 
pointK)f-use  cost  of  water  in  the  Uni^  States  is 
seldom  more  than  $0.30  per  metric  ton  (for 
municipally  supplied  water)  and  may  be  as  little 
as  $0.03  per  metric  ton  (for  irrigation  water).  By 
contrast,  very  few  minerals  can  be  purchased  for 
as  little  as  $30  pfer  metric  ton  at  the  minehead. 

In  summary,  then,. water  is  a  substance  found 
aln)o$t  everywhere  on  earth,  although  in  many 
di^erent  forms  aqd  qualities.  Water  is  renewable,  ^ 
either  by  natural  pi^oCesses  or,  to  some  extent,  by  . 
human  intf  rvelFitiorf.  ^ost  spcieties  have  tended 
to  treat  wetter  as  a  common  property  resource, 
thus  concealing  the  opportunity  costs  tha^  may  be 
associated  with  water ^use.  Water  is  used  in  very 
large  quantities  and  is  vefy  ine*xpensive;  aggregate 
worldwidle  water  use  is  about*  three  orders  of 
magnitude  larger  tAan  the  total  of  ail  mineral  - 
prod^ts  produced,, and  typical  water  costs  are 
about  three  orders  of  magnitude  lower  than  the 
costs  of  the  least  e?^nsive  mineral  products. 

These  properties  haye  important^  consequences     •  > 
for  studies  of  future  water  r3(source  trends.  Be- 
cause of  the  ubiquitousness,  the  heterogeneity, 
and  the  renewability  of  wajer,  it  is  .difiicult  to    ^  j 
charatterize  supply,  now  ,t)r  in  the* future.  The  ' 
quantity  and  quality  of  the  water  available  at  a 
particular  time  and  at  a  particular  place  constitute 
the  relevant  supply;  aggregate  or  summary  statis- 
tics are  n^uly  meaningless. 

The  coJi^mon-property  characteristic  of  water, 
the  large  quantities  used,  and  the  low  user  costs' 
all  act  as  deterrents  to  forecasting  future  water 
use.  While  it  may  be  tempting  to  extrapolate  past 
water*use  experience ,jhe  possibilities  for  changes 
in  the  structure  of  use  in  response  to  relatively 
minor  adjustments  in  the  way  water  is  managed 
are  so  great  as  to  render  extrapolation  essentially 
useless.  As  will  be  seen  in  the  following  section, 
further  pmblems  arise  when  specific  s-^pply  fore- 
casts must  be  compared  to  specific  demand  fore- 
casts. 

The  Supply  of  Water 

Water  available  for  use  in  human  activities  is, 
for  practical  purposes,  water  found  in  streams, 
fresh  water  lakes,  and  in  fresh  water  aquifers 
(ground  water).  While  brackish  and  saline  water, 
including  ssawater,  may  be  used  for  some  limited 
purposes  and  may  be  rendered  us^l  for  other 
purposes  by  desalting,  total  v/ater  Aipply  is  cus- 
tomarily measured  in  terms  of  fresh  water  avail- 
able on  or  under  the  surface  of  the  land.  Since 
water  bodies  are  constantly  replenished,  the  aver- 
age rate  of  replenishment  is  ordinarily  of  greater 
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interest  than  the  volume  of  watb  available  at  any 
specific  time.  Two  n^jor  exceptions  arc:  (1)  In 
the  case  of  \yater  withdrawal  from  streams,  some 
minimum  amount  water  storage  may  be  re- 
quired to  permit  the  desked  rate  of  ^vithdrawal  in 
the  presence  of  highly  variable  streamflow,  and 
(2)  certain  ground-water  deposits,  especially  in 
arid  or  semiarid  areas,  may  be  very  large  by 
coniparison  to  annual  inflows  and  may  be 
"mined"  by  siting  withdrawals  consistently  fn 
excess  of  iitflows. 

Replenishment  of  surtace  and  ground-water  re- 
sources occurs  as  a  consequence  of  precipitation. 
A  portion  of  the  total  quantity  of  precipitation  is 
returred  to  the  atmos|:rfiere  by  evapcration  and 
transpiration,  a  portion  *  becomes  infl  )w  to  the 
ground-water  reserves,  and  the  remainder  runs  off 
as  surface  drainage.  In  the  absence  of  human 
withdrawals,,  inflows  to  ground-water  resources 
are  usually, matched  by  outflows,  through  springs 
or  seeps,  to  surface  water  bodies.  A  first  approxi- 
mation of  the  overall  rate  of  replenishment,  there- 
fore, may  be  obtained  by  measuring Jhe  total 
surface-water  discharge  from  a  specific  watershed. 
Unmeasured  outflows  fix)m  ground-water  (such  as 
disj^haiges  from  the  ogean  floor),  net  ground-water 
storage,  and/or  ^he  existence  of  ground-water 
withdrawals  may  cause  this  measure  to  understate 
the  true  replenishment  rate. 

The  uit  of  replenishment  rate  in  estimating 
supply  carries  further  liabilities.  As  the  area  under 
study  becomes  large  (a  nuuor  river  basin,  a  nation, 
or  a  part  thereof)  the  replenishment  rate  under- 
states the  true  supoly  because  it  fails  to  reflect 
reuse  possibilities.  As  each  user  withdraws  and 
uses  water,  wastewater  flows  are  generated  and 
,  returned  to  the  stredm  or  lake.  These  return  flows 
are  then  available  to  other  users,  water  quality 
^  permitting.  Quality  rcquirentents  can  be  met  by 
dilution,  by  relying  on  in-stream  purification  proc- 
esses, by  wastewater  treafment  before  discharge, 
by  water  treatment  after  withdrawaT,  or.  by  a* 
combination  of  these.  Thfe  more  effectively  the 
desired  water  quality  can  be  maintained,  the 
greater  the  potential  for  reuse  of  return  flows.* 

The  supply  of  water  available  to  a  given  area, 
therefore,  cannot  be  estimated  on  the  basis  of 
data  now  available,  but  a  lower  bound  can  be 
determined  by  measuring  or  estimating  the  total 
surtace  water  discbaige  from  the  arei.  This  annual  ^ 
volume  of  water  is  potentiaUy  available  for  with- 
drawal, although  storage  facilities  might  be  re- 
quireil  to  satisfy  certain  patterns  pf  withdrawal. 
Additional,  unmeasured  sources  oi  supply  include 
ground  water  that  leaves,  the  area  in  some  way 
other  than  as  surface  discharge,  net  additions  to 


ground-water  storage,  and  return  flows  from  other 
water  users,  but  data  are  not  available  to  determine 
the  magnitude  or  significance  of  these  additions  to 
water  supply. 

Table  .  9-1  summarizes  estimates  of  replenish- 
meiit  rates  for  the  populated  continents  of  the 
earth  and  for  selected  nations.  The'figures  repre- 
sent Che  excess  of  precipitation  over  evapotran- 
spiration.  This  excess,  the  net  replenishment  rate, 
is  expressed  in  two  ways:  as  cubic  kilometers  per 
year  and  as  billion  gallons  per  day.  Divided  by 
land  area  (after  converting  the  second  measure  to 
cubic  feet  per  year),  these  data  yield  estimates  of 
the  average  rate  of  .replenishment  per  unit  land 
area,  expressed  in  millimeters  per  year  and  inches 
per  year,  respectively.  These  estimates  provide  a 
reasonably  comparable  index  of  the  ijelative  avail- 
ability of  water  at  various  locations  in  the  world. 

Unfortunately,  calculations  performed  on  the 
Basis  of  nations  and  continents  inevitably  blur  the 
inherent  variation  in  the  data.  N*any  nations,  such 
^  the  United  States,  consist  of  areas  which  range 
from  v^ry  arid  to  very  humid;  water  may  be  ^ 
exceedingly  scarce  in  the  Southwest  but  abundant' 
in  the  P^ific  Northwest.  Even  so,  the  average 
annual  runoffs  for  nations  can  be  seen  to  range 
from  4  millimeters  for  Egypt  (not  including  inflows 

Vfrom  other  nations  via  tlie  Nile  Riv^j)  to  1,300 
millimeters  for  the  Philippines.  The  United  States 
is.  close  to  the  world  average  at  ^^SO  millimeters. 

The  larger  the  land  area  of  a  nation,  Ihe  longer 
the  ,nuuor  river  systems  within  the  nations^  and 
the  more  seacoas!  included,  the  more  seriously 
^  these  dafa  may^  understate  th  true  availability  of 
water.  On  the  other  jiand,  environmental  consid- 
erations may  require  minimum  flows  u  streams, 
especially  thgse  draining  into  si^iificam  estuaries, 
which  substantially  reduce  the  annual  volumes  of 
water  that  can  actually  be  withdrawn  from  ground 
and  surface  purees.  Where  surface  storage  or 
extensive  well  fields  are  required  to  accomplish  a 
desired  withdrawal,  economic  costs  may  prevent 
*  or  <Ielay  a"  potential  supply  froSi  becoming  an 
actual  onCt  ^ 

As  a' result  of  the  consiHel^rtions  discussed 
above,  it  iS  impossible  to  make  meaningfiil  state- 
ments i^nceming  the  sui^ly  of  water  available 
across  tnc  world,  or  throughout  any  continent  or 
nation.  Meaningful  statemer^ts^  describing  supply 
can  be  made  only  for  relatively  small  areas  and 
then  only  after  detailed  on-site  investigation  of  the 
nature  and  behavior  of  the  actual  water  resources 
avail'ableMo  that  area.  Therefore,  the  data  pre- 
sented in  this  section  are  included  only  to  illustrate 
the  shortcomings  of  aggregate  calculations  and  to 
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TABLE 

Estknates  of  Available  Global  Water  Supply  for  Conthieiito  And  Selected  Natkm* 


ll  Mean  Annual  Discharge 
\         (Water  Supply) 


Land  Area 


Meaif  Annual  Runoff 


cubic 

billion 

KOOO 

1.000 

milli" 

kmfyr  ir*^ 

gal/day 

miles  * 

*  km* 

meters 

inches 

AFRICA 

4.220 

3.060 

11,800 

30,600 

4  139 

5.5 

Egypt*' 

4.0 

2.9 

l,O0C 

4.0 

0.2 

Nigeria 

261 

189 

924 

284 

11 

ASIA 

13.200 

9.540 

17.200 

44.600 

296 

12 

Bangladesh  ^ 

129 

93.3 

55.1 

143 

915 

36 

Giina 

2.880 

2,080 

3.690 

9.560 

300 

12 

India 

1.590 

1.150 

1.270 

3.290 

485  ' 

19 

Indonesia 

1.510 

1.090 

747 

1.934 

1,000 

39 

Ja|MU)  ^ 

396 

iAA 

144 

372 

1  mn 

Pakistan 

73 

jZ.o 

1  in 
3IU 

8AJ 

OA  ^ 

yu.2 

J.O 

rniiipptncs 

ion 

282 

116 

300 

1.300 

51 

South  Korea 

60 

43.4 

38.0 

98.5 

609 

24 

Thailand  « 

171 

124 

198 

514 

335 

13 

Turkey  (both  continents) 

172 

124 

301 

781 

215 

•  8.5 

U.S.S.R.  (in  Asia) 

3.320 

2,400 

6.760 

17,500 

190 

7.5 

AUSTRALIA-OCEANIA 

(Australia,  New  Zealand*  and 

Papua  New  Guinea) 

1 .4ZU 

3.iJV 

0.4ZU  ,^ 

in  J 

Australia  (including  Tasmania) 

276 

2,970 

7,690 

49.8 

2.0 

EURQPE 

3.150  - 

2.280 

3.77U 

V./7U 

5Z5 

13 

U,S.S.R,  (entire  nation) 

4.3^0 

3.1  jU 

XZ.4UU 

U,d.S,R.  (in  Europe) 

1.030 

744 

1  toyO 

A  onn 

B.J 

NORTH  AMERICA 

5,960 

4.310 

8.510, 

22.100 

*  286 

11 

Mc;xico 

330 

239 

762  ' 

1.970 

165 

6.5 

United  Sutes  (50  sutes)' 

2.340 

1.700 

3.620 

9.360 

250 

9.9 

SOUTH  AMERICA 

10.400 

7.510 

6.880 

17.800 

583 

23 

Brazil 

5.670 

'  100 

3.290 

8.510 

666 

26 

GLOBAL  (excluding  Antarctica) 

38.900 

28.100 

51.600 

134.000 

290 

11 

Africa 

3.400 

2.460 

29.800 

114 

Asia 

•2.200 

8.820 

44.100 

276 

Australia  (-Oceania) 

2.400 

1.740 

8,900 

269 

Europe 

2.800 

2.030 

.  10.000 

282 

North  Annerica 

,  5.900 

4.270 

24.100 

242 

South  /^rica  ^ 

11,100 

8.030 

17.900 

618 

Antarctica 

2.000 

1.450 

14.100 

141 

Global  ^ 

39.700 

28.700 

I49«000 

266 

Global  (excluding  Antarctica) 

37.700 

27.300 

I34«000 

280 

*  Dbu  vt  roiMded  to  2  or  )  upMAcaiil  fitures 

*  Efyfl  if  a  good  example  of  aome  Mlton>  whotc  addtUonai  water  supplies  come  from  large  nvers  CMcnng  or  patuiit  through  thr  natioii  but  their  upatretfli 
fowtff  in  OM  or  moft  other  naciont  The  Nik  u  the  m^w  Egyptian  water  supply,  but  the  Nile  »  iargely  fed  by  pmtpitatioii  and  iirtam  lyttent  treated  toylh  of 
Efypl  and  la  therefore  not  indudad  in  the  data  shown  for  Egypt                                                                V  , 

*  Tht  f^wrea  for  Uk  41  contenninottt  states  are  area.  3.020.000  square  mdes.  mean  runoff.  1 .100.000  cubK  fieet  per  accood.Vater  supply,  aboirt  1.200  biWcn  giHoM 
per  day,  or  i  ,420  ctiWc  kilometers  ger  year 

Scmrrn-  RMWiT  data  for  aH  but  the  global  areas  and  continents  at  e id  of  ubie  were  compiled  from  statistics  in  Vl  1.  L'vovKh.  Global  Wattr  Hestmrcfs  and  TheU 
Ftn^t  (ih  auuian),  1974.  pp  2«4-70  # 
The  iomewhH  compOTble  dhu  for  each  continent  at  the  end  of  the  table  arc  from  Albert  Baumgartner  and  Ebcrhard  Reichci.  The  World  Water 
Aimmal  ChM.  Cotuitteittal  and  Maritime  FrectpitaHon.  E^aporatum  and  Rmn-t^.  Amsterdam  Elsevier.  }97S  » 


Balance  Mean 


pfovide  some  indication  of  the  gross  differences 
existing  anwHig  t^p^ various  regions  of  the  world. 

The  DemaiKl  for  Water 

Water  is  used  to  perform  a  wide  variety  of 
(Unctions  in  human  society.  Among  the  miyor 
uses  to  which  water  withdrawn  from  surface  and 
ground  sources  may  be  put  are: 


•  Domestic  use 

•  Industrial  use  (both  in  manufacturing  and  min-* 
erals  extaiction  and  processing) 

•  Crop  irrigatuMi 

•  Eneigy  production  (no)t  including  Rydropower) 

In  each  use,  sonoe  fractkm  of  the  amount  with- 
drawn is  consumptive  use  (it  is  evaporated  ir 
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incorporated  into  a  product),  and  the  remainder  is 
returned  to  the  environment,  where  it  may  be 
available  for  later  withdrawal  by  another  user.* 
The  distribution  of  withdrawals  among  three  of 
these  uses  (domestic,  industrial,  agricultur^)  for 
16  selected  countries  is  shown  in  Figure  9-2; 

Data  on  the  above  uses  have  been  compiled  for 
the  U.S.  at  5-ycar  intervals  by  the  U.S.  Geological 
Survey.  Scattered  data  have  been  compiled  for 
other  countries  and  reprinted  and  published  from 


IVcferrcd  water  use  terms  used  in  this  chapter  are  water 
wttHdrawn  (or  HUhdruwuls),  and  w&ter  consumed  (consump- 
tove  use).  Water  withdrawn  is  pumped  or  diverted  for  use 
from  a  stream,  lake,  or  aquifer  After  use,  part  of  the  water 
withdrawn  returns  to  a  stream,  lake,  or  aquifer  and  is 
avaiUble  for  reuse.  The  other  part  has  been  consumed 
during  use^y  evaporation,  transpiration,  drinking  by  man 
or  beast,  or  by  incorporation  into  a  food  or  other  product. 
Thcr  term  consumption''  should  be  avoided  because 
aJthough  usually  meaning  water  withdrawn,  the  word  itself 
may  be  confused  with  '  consumed  "  Water  -lemand,  water 
requirements,  and  water  use  also  usually  refer  to  water 
withdrawals  rather  than  water  consumed,  except  when 
otherwise  noted. 


time  to  time  (for  example  by  the  Economic 
^  Commissions  for  Europe  and  for  Asia  and  the  Far 
East).  In  order  to  estimate  the  amount  of  water 
use  for  all  regions  on  a  systematic  basis  in  the 
absence  of  such  first-hand  statistics,  recourse  may 
be  made  to  comparisons  with  demographic  and 
related  data  that  are  more  generally  available  and 
^which  are  ge^rally  considered  in  projections  of 
future  natural  development. 

Domestic  use;  for  example,  can  be  estimated 
from  data  on  urban  and  rural  populations,  using 
figures  on  per  capita  use  where  such  data  are 
available.  Use  factors  for  European  countries 
range  from  76  Iq  270  liters  per  day  per  capita, 
with  a  general  average  of  150  Uters.  Estimates  of 
pe;^  capita  use  for  developing  countries,  published 
by  the  Worid  Health  Organization,  arc  given  in 
Table  ^2. 

Industrial  u^e  can  be  estimated  ftx)m  data  oh 
the  production  of  various  commodities,  (e.g.,  see 
ECOSOC,  1969).  Water-ljroduct  ratios  are  highly 
variable  among  industrial  plants  depending,  among 
other  things,  on  the  particular  plant  process,  costs 
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9-1  Ototributioq  of  wilhdrawalt  among  major  cale«onet  o?taler  um,  1965.  Diitributkm  by  water-iue  (vno  n^flecu  .h. 
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of  water,  and  recycling.  For  the  purposes  of  this 
chapter,  the  ratio  of  water  use  to  the  population 
engaged  in  manufacturing  is  used  as  a  sim(5le 
measure.  For  the  U.S.,  the  water  use/population 
ratio  is  2,500  gallons  per  day  per  capita  or  about 
9,500  liters.  In  seven^i  Asian  countries,  tbe  ratio 
runj  from  2,150  to  8,600  liters  per  day  pen  capita. 
The  ratio  for  Japan  ^is^bout  4,500  liters  per  day 
per  capita  (or  1,640  cubic  meters  per  year  per 
capita).  Experience  in  the  U.S.  indicates  that 
about  1 1  percent  of  industrial  withdrawal  is  con- 
sumed. 

Irri^ution  use  can  be  estimated  from  data  on 
irrigated  acreage,  recognizing  that  this  irrigation 
use  varies  climatically,  and  with  the  techniques 
used  for  irrigation  (a  maximum  under  gravity-flow 
ditch  irrigation,  a  minimum  under  trickle  irrigation 
schemes).  p 

Irrigation  experience  in  the  U.S.  indicates  that 
about  3.1  acre-feet  per  acre  (0.95  hectare-meters 
per  hectare)  is  withdrawn  for  irrigation.  This  depth 
applied  to  the  irrigated  ^rea  gives  the  gross 
amount  withdrawn.  Of  this  amount,  17  percent  is 
lost  (consumed)  in  transport  to  the  irrigated  lands 
(largely  canal  seepage),  59  percent  is  lost  by 
evaporation  for  plant  growth,  leaving  24  percent 
as  return  flow  from  tlie  irrigated  lands.  In  the 
absence  of  an  adequate  return  flow,  salts  build  up, 
destroying  soil  fertility. 

Cooling  w  ater  use  in  energy  production  is  often 
expressed  in  terms  of  a  ratio  of  water  use  to 
kilowatt-hours  of  generation.  This  ratio,  howeyer, 
varies  with  the  cooling  method  used,  being  large 
for  "or'ce-through**  cooling,  small  for  evaporative 
cooling,  and  near  zero  for  dry  towers. 

In  the  U.S.  an  average  of  about  42  gallons  (160 
liters)  per  kiJowatt-hour  is  withdrawn  for  thermal 
cooling.  In  recent  years  the  Average  use  has 
decreased  towank34  gallons  (130  liters)  as  a  result 
of  more  efficienr  plaiTfs,  greater  use  of  cooling 
ponds  and  towers,  and  other  changes.  AboMt  1.5 
percent  is  consumed  through  evaporative  dissipa- 
tion. 

Data  describing  water  use  for  various  purposes 
are  available  from  the  U.N.  Yearbook  and  other 
sources-.  Table  9-3  lists  such  data  by  nations  and 
continents,  as  collected  from  various  studies  of 
variable  quality,  anu  as  estimated  by  the  proce- 
dures* described  above.  These  readily  available 
statistics  have  not  been  compared  with  alternate 
so,ur(jes  or  becked  for  internal  consistency  or 
accuracy  4  nere  are  numerous  missing  data,  most 
notably  for  the  People's  Republic  of  China. 

Table  9-4  lists  the  land  areas  and  average 
annual  water  withdrawal  for  some  of  the  nations 
and  continents  listed  in  Table  9-3.  As  in  the  case 


of  water  supply  data,  these  large  aggregatl&s  mask 
important  variations  in  the  data.*Within  each 
country,  water  withdrawals  are  doubtless  concen- 
trated in  specific  areas,  so  that  certain  areas  will 
have  withdrawal  rates  much  above  that,  given  for 
th«  country,  and  other  areas  will- be  much  below. 
Nevertheless,  average  water  withdrawals  are  seen 
to  vary  from  a  low  of  just  over  I  millimeter  for 
Brazil  to  a  maximum  of  301  millimeters  for  Japan. 
The  latter  figure  can  be  traced  to  very  high 
withdrawals  for  cooling  thermoelectric  power 
plants,  as  well  as  relatively  high  withdrawals  fpr 
other  industrial  uses  and  for  crop  irrigation. 

Forecasts  of  future  water  withdrawals  require 
consideration  of  all  the  various  determinants  of 
water  demand.  Ideally,  each  water-using  sector 
would  be  considered  separately,  arid  the  factors 
that  influence  'water  use  would  be  identified, 
quantified*  forecast,  and  combined,  tising  an  ap- 
propriate dem<uid  function,  to  yield  a  forecast  of 
futyre  water  use.  Thus  domestic  water  use  would 
depend  upon  future  lifestyles,  family  income, 
family  size,  water-using  appliance  technology,  and 
the  future  price  of  watej^for  domestic  purposes. 
Future  industrial  water  use  would  be  determined 
from  assumptions  regarding  technology,  indoslrial 
output,  the  price  of  water,  etc.  Similarly,  agricul- 
tural use  of  watpr  would  be  expressed  in  terms  of 
crops,  outptffTirrigation  technology,  price,  and 
other  factors. 

Unfortunately,  general  demand  relationships 
suitable  for  such  estimates  on  a  national  and  a 
global  basis  are  not  available.  The  prevailinjj 
ambiguity  regarding  the  identity  of  water  as  an 
economic  good  has  tended  to  discourage  the 
necessary  economic  modeling.  Little  examination 
of  the  demand  for  water  has  occurred,  and  that 
has  tended  to  focus  on  relatively  small  aggrega- 
tions. 

Further,  past  management  practices  have  pro- 
duced historical  data  of  dubious  relevance  to  the 
future.  For  example,  many  countries  having  sub- 
stantial irrigated  areas  have  chosen  to  subsidize 
the  withdrawal  of  water  for  irrigation  purposes. 
The  result  is  the  displacement  of  higher-valued 
uses  by  agriculture  (and  the  subsequent  lack  of 
information  about  the  identity  or  nature  of  these 
uses)  and  a  general  lack  of  experience  regarding 
the  applicability  of  more  efficient  irrigation  tech- 
nologies, since  artificially  .low  prices  tend  to 
discourage  their  use.  In  other  cases,  water  is 
allocated  administratively  without  cost,  or  with 
negligible  cost  to  the  user.  Cpnsequently,  no 
direct  observations  of  value,  or  gf  the  possibilities 
for  reduction  of  water  use  during  times  of  short- 
age, can  be  obtained. 
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•         TABLE  9u2 
Per  Capita  Use  of  Drinktag  Water  in  LessiDeyetopcd  Countries,  1970 

(Liters  per  day) 


AFRICA 

Botswana  « 

Burundi 

Cameroon 

Central  African  Republic 

Chad 

Congo 

Dahomey 

Gambia 

Ghana 

Guinea 
Ivoiry  Coast 
Kenya 

Lesotho 
Liberia 
Madagascar 
Mali 

M^ritania 
Nifer 
Ntferii. 
Senetal 
'  Tofo 
Uganda 
Tanzania 
Upper  Volu 
Zaire 
Zambia 

AMERICAS 

Aifentina 

Bartwdot 

Bolivia 

Brazil 

Chile 

Colombia 

Gotta  Rica 


Presont  Consumption 


Urtwn' 


Rural 


Witii  House  •* 
Connections  • 


Min. 


100 
100 

50 

60  * 
75 

10 
60 
36 
TOO 
20 
20 

55 
95 
40 
10 
2Q 
100 

45 

76 
60 
50 
80 
50 
30 
200 

300 
230 

60 

SO 

laa: 

113 
175 


Max 


1.820 
330 
180 
300 
400 
100 

125 
220 

i:o 

150 
130 
200 

270 
190 
250 
25 
200 
300 

230 

!^ 

100  . 

500 

110 

250 

250 

700 

600 
1.730 
150 
500 
400  ^ 
275  ^ 

275 


Wifh  Public 
Stand  posts 


Min. 


10 
18 

-8 
50 

10 
50 
22 
40 
20 
5 

20 
10 

20* 
1 

45 

18 

5. 
40 
5 

10 
50 

23 
10 
10 
10 


Max 


40 

34 

20 
25 
75 

30 
150 
36 
60 
4(r 
15 

4fl* 
24 

50 
2 

70 
22 

15 
80 
50 
30 
90 


68 

25 
50 
20 


Future  Consumption 


Urban 


With  House 
Connections 


Rural 


Wifh  Public 


Mm. 

Max 

Min 

Max. 

Min 

Max. 

Min 

Max. 

10 

45 

90 

320 

45 

20 

45 

.  150 

350 

40 

20 

40 

10 

20 

120 

3U 

20 

-  30 

75 

220 

15 

20 

1 

15 

150 

400 

25 

45 

20 

40 

lU 

30 

75 

100 

50 

75 



10 

20 

80 

150 

25 

50 

20 

*f\j 

22 

50 

90 

310 

22 

inn 

lUU 

1 13 

lA) 

20 

55 

20 

46 

100 

150 

40 

60 

5o  • 

10 

20 

40 

150 

20 

20 

40 

10 

20 

50^ 

300 

20 

30 

15 

75, 

27 

<5 

270 

35 

70 

/u 

20  . 

•  40 

115 

285 

40 

80 

o< 

4 

10 

80 

250 

25 

10 

40 

40 

160 

30 

50 

10 

50 

100 

300 

50 

100 

30 

100 

3 

10 

43 

45 

90 

230 

45 

90 

45 

•  70 

100 

125  * 

20 

24 

5 

10 

70 

700 

20 

30 

10  ^ 

15 

25 

50 

100 

150 

55 

100  ^ 

20 

40 

5 

20 

75 

300 

10  . 

75 

10 

•50 

20 

40 

!00  , 

300 

20 

50 

5 

10 

10 

50 

130  . 

700 

50 

90v 

40 

50 

100 

200 

200 

350 

100 

200 

23 

910 

135 

,570 

23 

68 

135 

570 

60 

100 

150 

250 

80 

20 

75 

100 

500 

30 

50 

20 

75 

100 

100 

?50- 

500 

100 

100 

40 

200 

1)5 

300 

8C 

150 

120  ^ 

150 

200 
ft 

30O  ^ 

t50 

250 

DomiidGan  Republic 

Evaador 

EfSafvador 

H&ilix 
Honduras 


Mexico  ^ 
l^uiama 

Para|uay         -  ^  . 

Uruguay 
Venezuela 

iBA^TEfcN  MEDITERRANEAN 


Bahrain 
Cyprus 

Democratic  Yeinen 
Egypt 

Ethiopia  _         ,  , 

Iran 

Iraq 

Jordan 

Kuwait  ^ 

Lebandn  *^ 

FUiitan 

Qatar 

Saudi  Arabia 
Somalia 

Sudan 

Syrian  Arab  Rjpublk 
1*unista  ^  , 

Yemen  » 

EUROPEAN  REGION 
'*Sceria 
'  t«4orocco 
Turkey 

SOUTHEAST  ASIA 

Bangladesh 

Burma 

Indn 

Indonesia 

Mongolta 
Nepal 
Sri  Lanka 


320'  . 

'55 

95 

•I4A 

2(s> 

— 

-  — 

I*, 

40 

'  40 

1  Vfi 

1  JM 

/  tV 

150- 

200 

20 

40 

20  " 

270 

— 

— 

320 

3M 

70. 

100 

350 

50 

ou 

ion 

inn  . 

160  » 

350 

.10 

30 

90 

400 

25 

30 

120 

250 

Tim 

inn 

60 

70 

20 

30 

220 

420 

23 

140 

145 

275 

— 

CA 

1  OA 

loU 

10 

23 

iUU 

in 

4v 

1(» 

5 

10 

75 

750  • 

,  ^  — 

25 

90 

200 

fur 

i7n 

770 

77n 

150 

200 

— 

— 

70 

180 

20 

60 

150  • 

300 

80 

110 

inn 

75 

<n 

 k 

7sn 

7n 

<n 

*  jO 

45 

900 

32 

150 

200 

100  ^ 

150 

5 

10 

in 

20 

200 

■  10 

60 

260 

10 

20 

120 

170 

6a 

70 

45 

70 

15 

100 

180 

45 

100 

50 

270 

50 

150 

5 

20 

24 

150-  * 

5 

60 

60 

100 

40 

60 

170 

220 

30 

50 

■** 

ERIC 


204 


-95 

130 

130 

Z40 

55 

95 

95 

130 

70 

140 

60 

'  100 

130 

.  .-400 

40 

40 

60 

100 

25 

2!? 

200 

200 

— 

60 

60 

135 

270 

450 

550 

— 



360 

550 

• 

175 

\  225 

20 

40 

20 

40 

45 

140 

160 

270 

90 

135 

20 

320 

340 

570 

45 

90 

45 

450 

50 

25a 

100 

35C 

20 

50 

50 

250 

75 

'  150 

240 

300 

40 

60 

95 

150 

40 

80 

210 

'  340 





60  ' 

90 

100 

200 

160 

350 

10 

30 

100 

200 

80 

100 

150 

300 

30 

>o 

600 

100 

100 

180 

126 

262 

105  V 

190 

150 

300 

400 

600 

— 



150 

200 

15 

20 

60 

100 

30 

50 

30 

5tf 

lie 

340 

230 

36n 

140 

280 

90 

14^ 

185 

320 





145 

185 

10 

.  18 

140 

230 

18 

36 

50 

70 

30 

40 

250 

350 

150 

250 

40 

60 

5 

*  10 

40 

100 

20 

3 

15 

40 

75 

it 

^"--^ 

MO 

150 

65 

130 

160 

3S  . 

— 

— 

90 

145 

30 

60 

80 

•  150 

— 

40 

80 

— 

— 

180 

4W 

150 

220 

— 

— 

80 

125 

200 

250  ~ 

100 

20 

100 

150 

220 

.^0 

70 

50 

100 

40 

80 

230 

300 

KO 

150 

80 

150 

25 

50 

150 

250 

25 

50 

100 

200 

— 

— 

250 

— 

60 

— 

— 

— 

14 

42 

110 

1,140^ 

— 

-r 

.  18 

45 

50 

250 

75 



150 

5 

10 

/  z 

20 

40 

— 

— 

— 



30 

60 

10 

60 

80 

200 

50 

60 

50 

60 

70 

100 

300 

20 

30 

20 

(0 

50 

60 

— 



 » 



— 

10 

20 

70 

135' 

25 

45 

25 

45 

22 

60 

150 

210 

70 

120 

50 

100 

25 

100  , 

90 

2|0 

45 

130 

— 

— 

86 

]fQ 

lo 

— 

100 

30 

60 

40 

60 

187 
100 

60 

100 

60 

100 

20 

70 

170 

220 

30 

50 

20 

70 

205 
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WESTERN  PACIFIC 
Fgi 

Khmer  Rep. 
Korc«,  Rep.  of 
Lao3 
Malaysia 

Philippines 
Singapore 
Viet-Nwn,  Rep.  of 
Western  Samoa 

*.VERAGES« 

Africa 

Americas 

Eastern  Mediterranean 
European  Region 
Southeast  Asia 
Western  Pacific 
Average 


*  MicnMude  negii|ib<c 

*  Bitimaiirm  tnchidei  gAnkn  waieni« 
'  Avcriiet  rounded  to  ncwst  3  liien 

Somrcf  FrilB  van  der  Lccdcn,  Water  Hesourte: 
oTDcc  31.  197m 


TABLE  (CoQtiniMd) 

Prescln  Consumption 


Urban 


With  House 
Connections 


With  Public 
Stand  posts 


Min. 


Max. 


Min. 


Max 


120 

140 
40 

150 
50 
18 

110 


65 
160 
95 
65 
75 
85 
90 


ISO 

260 
400 
250 
300 
410 

540 
220 
150 
770 

290 
380 
245 
210 
165 
165 
280 


Rural 


Min. 


Max. 


50 


100 


Future  ConsuiTiption 


Urban 


With  House 
Connections 


Min. 


Max. 


150 


200 


270 

15 

140 

15 

40 

80 

200 

350 

40 

80 

20 

40 

100 

200 

14 

230 

250 

250 

40 

110 

360 

i,;oo 

315 

60 

300 

220 

20 

45 

15 

35 

90 

275 

25 

50 

70 

190 

195 

375 

30 

60 

40 

85 

160 

310 

25 

40 

20 

65 

90 

250 

25  , 

50 

30 

70 

125 

225 

30 

95 

30 

95 

230 

375 

25 

55 

35 

90 

150 

300 

With  Public 
Standposts 


Min 


Max. 


50 


150 


Rural 


Min. 


5C 


80 
50 
23 

180 


oftHe  Wori,  Seiec.e,  Sj.uuu.  hxt  W.sh.ng,o„.  N  V   W.cr  l«fon„aeK,n  Ccnler.        on^  d-U  fro.  World  Health  Or...^.,n.  ,.7,  cdat.  « 


Max. 


80 

90 

.  120 
100 
110 

360 


60 

50 

100 

30 

60 

20 

50 

30 

55 

120 

195 

55 

95 

70 

115 

35 

45 

35 

70 

45 

85 

40 

85 

50 

85 

70 

145 

40 

/O 

60 

110 

i 

m 

q 
s 

z 
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WATER  PROJECnONS 


TABLE  9->} 

Witer  UKfcr  Vniota  Pitrpo«»,  by  CmtiBCfit  ud  SctecUd  Nattens 

(Wa/^r  4(*^  M  W/How  of  cubic  meters) 


^rgy  '  Industr^Al  Domesiic 

Production  Irriialiofl  (per  capita)  (per  capiu) 


Genera- 
tion 

Water 
Use 

Area 

Wa:er 
Use 

Per- 
sons 

in 
Mfii 

Fac- 
tor 

Water 
Use 

POPU- 

liUion 

Fac- 
tor 

Water 
Use 

Water 

Uw 
Total 

thermal 

10^* 

10*  Ad 

\OO0s 

m  * 

Milllnnt 

Iff 

1  VTFf 

Africa 

M 

M 

6.4 

60.8 

2.963 

1,500 

4.4 

405 

30 

12 

88 

Egypt 

3 

0.4 

2.9 

27.6 

615 

1.500 

0.9 

38 

40 

1.5 

30 

^ti  

Nifena 

172 

1,500 

.3 

65 

40 

2.6 

Asia 

nangiancsn 

520 

68 

147.4 

1,400 

23^ 

1,300 

30.7 

2,290 

98 

1,597 

1 

OJ 

260 

1,000 

.26. 

75, 

40 

3.0 

China  - 

833 

4U 

34 

Indk 

48 

0.6 

37.6 

357 

4,800 

1,000 

4.8 

1 

Vl  1 

Indonesia 

^  1 

0.2 

3.8 

36 

925 

i!ooo 

.9 

132 

40 

5 

42 

Japan 

49 

3.4 

32 

11,900 

1,640 

19.5 

112 

100 

11 

112 

PakisUn 

4 

0.5 

12.0 

114 

427 

1,000 

.4 

73 

40 

3 

118 

Philippines 

1.3 

1.0 

10 

538 

1,000 

.5 

44 

40 

2 

14 

South  Korea 

.8 

7.6 

1,160 

1,000 

1.2 

35 

40 

1 

1  naiiand 

3 

0.7 

1.9 

18 

309 

1,000 

.3 

42 

40 

1 

20 

Turkey 

10 

1.3 

1.7 

18 

638 

1,000 

.6 

41 

50 

2 

17 

Australia-Oceania 

61 

7.9 

1.4 

13 

1,610 

3,600 

5  7 

< 

70 

Australia 

56 

7.3 

12 

l!337 

3,600 

4.8 

14 

90 

1 

25 

Europe 

1,355 

176 

12.2 

116 

.  51,000 

3,600 

183.6 

404 

100 

40 

516- 

844 

no 

9.9 

29,036 

2,500 

72.8 

256 

70 

18 

295 

*^o«1h  America 

1,788 

232 

21.6 

205 

21,270 

3,600 

76.5 

339 

38 

551 

Mexico 

24 

3  - 

3.3 

31 

60 

50 

3 

United  States 

1,663 

216 

16.9 

160 

19,000 

3,650 

69.4 

216 

150 

32 

477 

So^lh  America 

50 

6.4 

3.7 

35 

3L653 

1,200 

4.4 

214 

50 

11 

5% 

Brazil 

4 

0.5 

0.14 

1 

71470 

1,200 

3.0 

106 

50 

5 

10 

Globft' 

3,860 

502 

I92'.7 

1,830 

104,096 

2,930 

305 

3,670 

55 

201 

2,838 

OEcu  countries 

3,214 

418 

33.1 

314 

67,400 

755 

100 

76 

Smm»  UiM  NatioM.  SmUtlktl  Ytvbook,  1977.  New  York  1977.  wttcr  imc  oompuutioiH  by  U  S  Geobgictl  Stimy 


l%!re  ^3  shows  the  pix)jected  water  use  to  the 
year  2000  for  four  Asian  countries  in  percent  d 
the  maximum  limit  of  supply  as  represented  by 
runoff  from  local  precipitation.  In  these  four 
cases,  the  maximum  developable  supply  that 
co'iM  be  dqwaded  upon,  without  storage,  might 
be  between  20  and  70  percent  of  the  maximum 
limits  shown  in  the  figure  (100  percent).  Storage 
cap^icity  oquivalem  to  one  year's  flow  can  raise 
this  percemage  to  80  percent  of  the  maximum 
limit.  '*Water  consumed"  is  a  more  ^ipropriate 
diaractoristic  than  **watCT  wididrawn"  for  nuddng 
conqxtfiaoas  with  maximum  limits  of  deveiopabk 
waler  supply,  because  most  water  withdrawn  is 
ret^^aUe.  However,  data  on  **water  consumed*' 
are  frigmentary  or  nonexistent  in  many  paits  of 
the  world.  In  the  United  States,  with  existing 
^o!isiee  capacity  of  15  percent  of  the  year's  river 


flow,  water  withdrawn  and  water  consumed  in 
1975  was,  respectively,  35  and  8  percent  of  the 
maximum  limit  of  developable  water  supply  (av* 
erage  nim^. 

These  problems  do  not  preclude  the  develop- 
ment of  suitable  forecasting  models;  they  merely 
underiine  the  necessity  g€  intensive  sector  by 
sr^tor  analysts  pricM*  to  the  posditation  of  sudi 
modds.  They  also  suggest  some  of  the  important 
deficiendes  of  fimoasting  methods  that  rely  on 
extrapcriations  of  past  water-use  data  Such  meth- 
ods are  lOcely  to  produce  forecasts  seriously  in 
erroi  ,  especiidly  where  water  scarcity  may  in- 
crease. Extrapolation  alone  cannot  predict  the 
various  economic,  technological,  and  social  ad- 
justments known  to  occur  when  wato*  becomes, 
through  scarcity,  a  higher-vahied  resource.  Ex- 
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Figiirt  9-3.  Projected  water  u«e  fwUMniwois)  for  four  Aiitn  countriet  in  percent  of  meximuin  limit  of  tupply.  u  reprtsented  by 
runoff  from  local  precipiution.  (Various  coumry  ami  V.N.  rt ports } 


trapolations  have  a  limited  use  but  should  be 
A  viewed  as  highly  tentative  forecasts. 

^^^^^  In  spite  of  the  difikulties  noted  above,  several 

global  forecasts  of  water  use  have  been  prepared. 
Four  are  discussed  here.  Three  rely  on  extrapola- 
tions of  past  water  use,  modified  by  certain  gross 
acUustments  to  reflect  assumptions  regarding 
changing  ftiture  conditions  of  water  use.  The  third 
forecast  attempts,  in  a  relatively  crude  manner,  to 
identify  countries  where  the  availability  of  water 
resources  could  be  critical  by  2000. 


Doxladis  Projection 

In  1967.  C.  A.  Ctoxiadis  published  a  graph* 
showing  projected  increase  in  the  ^^consumption" 
(withdrawal)  of  water  controlled  by  man."  His 
estimated  total  for  I97S  (2.412  x  10*  m?/yr)  is  in 
general  agreement  with  the  data  presented  in  this 


*CoRitantinoi  A.  Doxiadii,  "Water  and  .Environment/*  in 
Water  for  Peace,  International  Conference .  on  Water  for 
Ptace.  Washington.  DC.  May  23-31.  t967.  pp.  33-60. 
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TABLE  9-4 

Amaft  .\iiiiinl  Water  Withdrawal  per  Unil  of 
Laad  Arta,  Selected  Geofraphk  UnlU 


Uind  Area 

(miiiions 


Average 
Annual 
Water 
Withdrawals 

(millimeters 


AFRICA* 

30.6 

2.88 

Egypt 

1.00 

*  30.0 

ASIA' 

27.7 

57.7 

India 

3.29 

9.12 

1  1 1 

J.  1 1 

Japan 

.372 

301 

Ntiitai!} 

.804 

147 

PliilippiBes 

.300 

46.7 

Thailand 

.514 

38.9 

Turkey  (Asia  and  Europe) 

.781 

28  2 

AUSTRAUA' 

8.42 

3.56 

Atfitralia 

7.69 

3.25. 

EUROPE' 

27.2 

19.0 

U.S.S.R.  (Europe  and  Asia) 

22.4 

13.2 

NORTH  AMERICA' 

^  22  .1 

24.9 

United  Statet 

"  9.36 

510 

SOUTH  AMERICA 

17.8 

3.20 

Brazil 

8.51 

1.18 

GLOBAL  (excluding  Anurctica) 

134 

21.2 

M#;  OMb  ar*  reaaM  to  dvtt  i%nncMi  Afurvt 


^  u.f  .s.a.  mti  MMtf  Ewt>pt) 

Ntw  trntrnd  Mrf  H$m  Ntw  Ouiiwa. 

t«lNU.SS.a  b«lticlia4ii«alt  or  Turkey 

Cntnk  AMtftcM  cowmift.  Mmms.  Cute.  Domii^an  Republic. 


report  for  the  same  set  of  uses  (irrigation,  indus- 
trial, urban,  and  rural):  2336  >l  10*  mVyr. 
;  Doxiadis  projected  use  to  increase  to  6^500  x 
!©•  mVyr  by  the  year  2000,  increasing  further 
along  a  logistic  curve  to  an  asymptotic  limit  of 
23,000  X  10*  mVyr  about  a  century  hence.  This 
limit  is  close  to  the  estimated  global  supply  of 
fresh  water.  In  the  following  estimated  withdraw- 
als for  the  year  2000,  the  Uuigest  proportional 
increase  is  orcgected  in  the  industrial  and  urb£n 
uses:  \^ 

W5  2000 
BUIions  cf  cubic  meters 
per  year 

Irrigaikm.  .  2.000  4.600 

Induttriah  184  950 

Urban  182  850 

Rural*  46  ^  100 

Total  2,412    ,  6.500 

Doxiadis  did^  provide  any  explanation  of  his 
calculations  nor  of  the  regional  or  continental 
distribution*  Hence,  no  judpnent  can  be  made^ 
their  reliability. 


Kalinin  Projection 

In  1969,  the  Russian  hydrologist  G.  P.  Kalinin 
published  the  following  estimates  of  global  water 
requirements  by  the  year  2000.* 


Irrigation 
Domestic 
Industrial 
Waste  dilution 
Other 

Total 


Withdrawn  Consumed 

Billions  of  cubic  meters 

per  year 

7.000  4.800 

600  100 

1.700  170 

9,000  — 

400  400 

18.700  5.470  » 


Kalinin's  figures  for  withdrawals  f»r  irrigation 
and  industrial  use  are  greatly  in  exc/ss  of  Doxi- 
adis' projections.  His  domestic-use  projections  arc 
also  higher  than  those  of  Dioxiadis  While  Kalinin 
does  not  explain  the  derivation  of  his  projections, 
he  does  comment: 

By  the  year  2000,  half  of  all  the  earth's  annually 
renewed  water— the  37,000  cubic  kilometers  [bil- 
lions of  cubic  meters]  of  evaporated  ocean  water 
which  precipitates  on*  lai^d  rather  than  back  into 
the  ocean'— will  be  in  use  by  man.  With  so  high  a 
demand,  and  the  uneven  distribution  in  space  and 
time,  work  will  soon  have  to  be  undertaker  on  an 
unprecedented  scale  to  regulate  run-off  and  divert 
the  waters  of  rivers  into  areas  affected  by  drought. 
The  problem  is  particularly  acute,  since  demand 
is  growing  several  times  faster  than  the  popula- 
tion. When  the  work!  population  reaches  20,000 
millk>n  in  the  twenty-nrst  century,  the  demand 
will  be  several  tinKs  greater  than  in  the  year  2000. 

These  water  demand  forecasts  are  rough  ap- 
proximations only,  because  data  on  growth  of 
population,  irrigatk)n,  industry  and  consumption 
are  also  only  approximate,  and  estimates  of^  pol- 
lution are  either  too  high  or  too  low.  Very  likely, 
th^  future  demand  for  clean,  fresh  water  is  exag* 
gerated  because:  (a)  as  demand  grows,  means  will 
be  sought  to  reduce  consumption  per  unit  of 
industrial  and  agricultural  production;  (b)  some 
branches  of  industry  could  use  salt  water  or 
brackish  water,  as  is  already  being  done  in  some 
cases;  (c)  desalination  of  seawater  and  brackish 
ground  water  will  increase;  and  (d)  the  purifying 
of  polluted  water  will  be  improved  and  acceler- 
ated. 

Nevertheless,  the  figures  must  be  regarded  as 
approximately  correct  for  the  next  thirty-five  to 
fifty  years,  i.e.  until  a.d.  2000-15. 

In  general,  population  growth,  irrigation,  or 
industrial  development  will  exacerbate  the  con* 


•G.  P.  Kalinin  and  V.  D.  Bykov.  The  World  s  Water 
Resources,  Present  and  Future."  impact  of  Science  in 
Sociey  (UNESCO).  Apr.  June  1969.  p.  143. 


ERLC 


2U) 


150 


THK  PROJECTIONS 


trasts  between  have  and  have-not  countries  or 
regions.  A  percentage  increase  in  wateh  use  in  a 
"region  where  the  margin  is  Jhm  would  have 
gnsater  consequences  tlian  the  same  percentage 
increase  in  a  region  where  the  margin  is  broad. 
Moreover,  the  processes  of  development  in  arid 
arras  often  Itad  to  changed  cultures  ihat  are  less 
resilient  than  the  cultural  forms  they  replace. 
Water  development  (i.e.,  storage)  decreases  the 
frequency  of  shortage  but  may  increase  the  net 
severity  of  consequences  of  droughts  tli;»t  cause 
excessj^ve  demand  for  stored  water. 

The  FAO  Water  Projection 

Table  9-5  presents  water  use  projections  pub- 
lished by  the  Food  and  Agriculture  Organization. 
These  projections  are  of  interest  because  they 
project  separately  each  of  the  major  sectors  of  the 
world  water  economy. 

In  commenting  on  the  table  and  water  problems 
generally,  the  FAO  writes  in  The  State  of  Food 
andAi^Tivulture  (C  77/INF/I9,  Nov.  1977):  ^ 

Although  irrigated  land  comprises  only  l'3Cf  of 
the  world's  total  arable  area,  irrigation  accounts 
for  by  fv  the  largest  proportion  of  the  total  water 
used  by  man.  .  .  .  Other  non-agricultural  water 
uses  (for  industry,  mining  and  domestic  purposes) 
are  now  increasing  much  faster  than  the  use  for 
irrigation.  However,  a  considerable  amount  of  this 
water  is  non<onsumptive  and  is  recycled,  while 
irrigation  continues  to  be?  a  consumptive  use. 
Irrigated  agriculture  will  therefore  continue  to  be 
the  greatest  water  consumer  in  the  future. 


With  a  region,  country  or  river  basin,  the 
spectrum  of  uses  and  withdrawals  of  water  will 
vary  according  to  climatic  and  socio-economic 
conditions,  and  it  is  thus  necessary  to  distinguish 
betveen  consumptive  and  non-consumptive  usfc. 
For  example.  Table  [9-^]  indicates  that,  among 
the  countries  covered,  the  highest  annual  with- 
drawals per  capita  occur  in  the  United  States  and 
the  U.S.S.R,,  where  both  irrigated  agriculture  ^nd 
industry  are  highly  developed.  However,  very 
high  withdrawals  also  take  place  in  non-industrial- 
ized countries  such  as  Mexico  and  India,  where 
there  is  a  lai^ge  use  of  water  for  irrigated  agricul- 
ture. The  figures  for  Czechoslovakia  and  the 
United  Kingdom  show  that  per  capita  demand 
may  be  quite  low  in  industrial  countries  with  very 
low  demands  for  irrigation. 

Water  quality 

The  need  for  water  resources,  however,  goes 
beyond  quantity  and  must  also  consider  quality. 
The  harmful  effects  of  waste  disposal  on  quality 
are  well  known,  but  a  major  unseen  problem  is 
the  increasing  salinity  of  water  resources  with  use. 
This  is  an  inevitab'e  process  in  nature,  but  man 
has  greatly  accelerated  it  and,  with  continued 
increases  in  the  intensity  of  use,  the  problem  will 
become  greater. 

Guidelines  have  been  drawn  up  for  interpreting 
the  quality  of, water  for  irrigation.*  Table  [9-7] 
illustrates  the  application  of  some  of  these  guide- 


*  R  S  Ayeri  and  f)  W  Wesicolt  Water  Quality  for 
A^ruuhure,  lingdtion  and  Drainage  Paptr  No  29.  Rome. 
FAO.  1976 


TABLE  ^5 

Estimates  of  World  Water  Use  in  1976  and  Projections  to  2000 


AGRICULTUKJ 


Total  Use 
in  Millions 
of  m ' 


1967 


2()00 


Projected  R^tc 
o*  Gio\\th 
l%7-.2(KK) 
m  Percent 
per  Year 


Fraction  of 
Total  Use 
in  Percent 


l%7 


2000 


Irrigation 
Live, lock 
Rural  |>)meslH. 


1 .400.000 
58.800 
19.800 


2.800.(XK) 
102.200 
38  MX) 


2  I 

1  7 

2  0 


70 
I 


2 
I 


OIHHR 


Urban  f>)meslic 
Industry  dnd  Mining 

TOTAL 


7^,(K)0 
4^7  700 

\  9H9.30() 


:7H.900 
2.2M.OOO 

S.4S0.400 


4  I 

^0 

3  I 


4 

22 

100 


41 

100 


Somnt  M  Holy,  WAUt  and  ike  Emvironmtht  Imgatton  *r  J  Drainage  Pa^^-  No  I.  P<xkJ  and  Afncttllure  Orgtmwttofl  Rome. 


211 


•WATER  PROJECTIONS 


TABLE 


Smtw^UiM  Nattow.  Tkt  Dnmifw  Witt.  NaMral  tUaoKn.  Wimt  S«tn  Mo  9.  Nn>  Yort.  I<7t 


ISl 


Water  Dae  in  Selected  Couirtries,  IMS 

• 

ToUl  Use 

Percent  of  ToUl 

4n  m*  per 

Munkipai  and  Rural 

Agriculture 

— 

industry 

CapiU 

Water  Supply 

* 

United  KNifdom 

1 

WO 

31 

3 

66 

CzechotlovakU 

285 

13 

6 

81 
1 

Indui 

600 

3 

96 

Japan 

710 

10 

72 

18 

Mexico  ' 

930 

4 

91 

USSR. 

1.000 

8 

33 

39 

United  Sutes 

2.300 

1 

10 

42 

48 

TABLE  9-7 

Water  Quality  in  Time  Seiccted  Irrigation  Areais 


— 1  

Salinity 
ECW 

Sodium 
SAg» 

GUIDELINE 

No  Problem 

Below  0  7/^ 

Below  3 

Increasing  Problem 

•  0.75-3./ 

Severe  Piobiem 

Above  3  0 

Above  9 

IRRIGATION  AREAS 

Mona  Projects  Paki- 

stan. 1968 

360 

38.0 

IVcos  River.  United 

States.  1946 

V2I 

86 

Tigris  River.  Iraq. 

1966^ 

0.31 

2.5 

*  Eltctrical  coaAKlivity.  txymM^  is  mmMtm 

*  So4hMii  ■bxwrptioii  rate,  i^nimi  for  calciuai  umI  t^ntihin  content 
So«rrr  t.  S.  Aym  Md  D  W  Wtttcoit.  Wtiitr  Qtutitty  for  AgrUMltmre  op 


lines  to  the  quality  of  water  in  three  irrigated 
•areas.  The  Mona  project  in  Pakistan  and  the 
Fccos  River  in  the  United  States  would  be  classi- 
fied as  having  severe  or  increasing  water  quality 
problems  for  irrigation.  The  Tigris  River  would  be 
classified  as  having  no  problem,  although  sodium  > 
concentFBtions  would  be  regarded  as  borderline. 

Increased  salinity  in  water  supplies  results  from 
the  two  basic  processes  of  sah  k^Mling  and  salt 
concentrating.  Sah  loading  is  due  both  to  natural 
causes  such  as  surface  run-off  and  to  man-made 
sources  such  as  industrial  waste  ainl  return  flows 
from  irr^ated  land.  The  relative  effects  of  salt 
loading  and  salt  concentrating  on  salinity  concen- 
trations for  t^e  Coforado  Rivcldpthe  United 
States  are^shmvn  in  Table  1%S\.  WfOt  59%  of  the 


average  salinity  concentration  over  the  20  year 
monitoring  period  was  attributable  to  natural 
causes  (including  evaporation),  41%  was  due  to 
man*s  activities  (mainly  irrigation,  which  ac- 
counted for  37%). 

Another  miyor  concern  in  the  developirig  coun- 
tries is  the  provision  oS  safe  drinking  water  and 
the  hygiemc  disposal  oS  wastes.  A  recent  WHO 
survey,  covering  1,600  milUon7)eopW  (including 
those  of  88  developing  countries),  found  that  77% 

the  populatkms  surveyed  were  not  satisfactorily 
served  by  community  water  supplies.* 

Irrigation  problems 

Irrigatkm,  or  the  controlled  use  of  water  for 
agricutture,  is  playing  an  increasingly  important 
role  in  increasing  production  and  in  reducing  its 
instability.  In  the  Near  East,  for  example,  70%  of 
the  total  agricuttural  production  is  derived  from 
the  35%  of  the  cultivated  area  that  is  iirigated.t 
The  benefits  of  inigatkm  go  far  beyond  the  mere 
provision  of  water,  since  it  creates  conditions 
suitable  for  the  optimum  use  (rf  other  inputs,  such 
as  fertilisers  and  high-yiekling  varieties. 

The  total  vmffiUd  area  of  the  worid  was  223 
millkm  hectares  in  1975,  and  is  expected  to  rise  to 
273  million  hectares  by  1990.  Table  [9L.9]  shows 
estimates  of  the  area  equipped  for  irrigatkm  in  the 
devek>ping  market  economies  in  1975,  and  taiy^ts 
for  new  irrigation  and  the  improvement  of  the 
existing  irrigation  in  these  countries  by  1990. 
Irrigatk>n  accounted  for  66%  of  the  cropped  area 
,in  Asia  ih  1975,  19%  in  the  Near  East,  13%  m 
Latin  America,  and  only  3%  in  Africa.  The 
dem::rJ  for  water  for  irri^tk)n  in  the  devek)ping 


•  United  Nations,  r A*  Demand  for  Water,  op.  cit. 
t  M.  El  Gabaly/Sem/nar  of  Committee  on  Water  He- 
learch,  Cairo,  1976. 
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TABLE  9-< 

Elfcct  of  Varioin  Factors  on  Salt  Concentration  of 
Catorado  Rher*.  UnHad  States,  1942-«1 


Cumulative 
Concentration  ^ 

Percent 
of  Total 

NatureK  Sources 

334 

47 

Evftponition 

80 

12 

Irrifation  (Salt  Contribution) 

178 

26 

Irrigalion  (Consumptive  Use) 

75 

1! 

Municipal  and  Industral  Sources 

10 

1 

Exports  Out  of  the  Basin 

20 

3 

*  Al  Hoover  tHm 

*Fxpmf^  III  mdigniim  per  liter  (n^  ) 

Sotirce  VmH94  5ui«i  EovironmcMal  Proiectiofi  Agency.  Summarv  Report 
If7t 


market  economies  would  increase  between  1975 
and  1990  by  438  km\  or  more  than  30%  of  the 
total  world  use  of  water  for  inigation  as  estimated 
in  Table  [9l5]  above. 

The  miycNr  iirigation  problems  arise  from  water 
losses  due  to  ineflfective  or  badly  managed  sys- 
tems, and  from  salinity  and  waterlogging  associ- 
ated with  inadequate  drainage.  As  reg^-ds  the 
former,  the  taiyets  shown  in  TiUe  [9^-9]  indicate 
the  need  for  the  improvement  of  almost  half  of 
the  existing  main  and  on-farm  irrigation  systems 
in  the  developing  market  economies.  About  40% 
of  these  improvements  are  classified  as  ''m^r." 
Even  under  optimum  conditions  .of  efficiency, 
some  25  to  30%  of  the  water  used  in  irrigation 
schemes  is  not  utilized  by  the  crop,  but  is  lost  in 
run-<rfr,  evaporatkm  and  percolation.  More  often 
the  figure  is  50%  or  even  more.  More  efficient 
irngatXNi  systems,  however,  require  large  invest- 
ments, which  must  be  returned  in  higher  yields' 
and.  income.  The  cost  of  the  improvements  in- 
cluded in  TaUe  E9L.9]  has  been  estimated  as  U.S. 
S23,000  millk>n  at  1975  prices. 

A^  regards  salinity  and  waterk)gging  probleir^s, 
saltniTation  is  very  often  associated  with  irrigation. 
The  causes  tnchide  unsuitable  soils,  irrigation  with 
poor  quality  water  (as  discussed  above),  inade- 
quate soil  drainage  to  remove  soluble  salts,  a  high 
water  tabk,  and  a  high  evapotranspiration  rate.  It 
is  estimated  that  about  h^  of  all  the  irrigated 
lands  of  the  worid  have  been  damaged  by  salini- 
zatkm,  alkanizatkm  and  water  k)gging.* 

Put  neglect  of  drainage,  in  cof\|unction  with 
irrigatkxi,  has  reduced  the  productivity  of  millions 
of  hectares,  which  must  now  be  reclaimed  if  at  all 
possible.  In  some  cases,  large  areas  of  irrigated 


•  FA0/UNESC0.5O// A/<i^  of  the  World,  Paris.  1964^74. 


land  have  had  to  be  abandoned  as  a  result  of  soil 
salinization.  The  serious  extent  of  this  problem  is 
illustrated  in  Table  [9-9].  Improved  drainage 
should  be  extended  to  32  million  hectares  of 
irrigated  land  in  the  developing  market  economies, 
much  of  it  within  the  45  millk>n  hectares  requiring 
improvements  in  the  irrigation  system.  The  cost 
of  the  drainage  improvements  shown  in  Table  [9* 
9]  has  been  estimated  as  U.S.  $13,700  millk)n  at 
1975  prices.  ' 

In  I^stan,  out  of  a  total  of  15  million  hectares 
of  irri^ued  land,  about  II  million  173  percent] 
suffer  ntrni  salinity,  wateriogging  or  both,  result- 
ing in  pronounced  reductions  in  crop  yiekls.  In 
Iraq,  more  than  50%  of  the  Lower  Rafadain  Plain 
suffers  from  salinity  and  waterlog^ng.  In  Syria, 
about  50%  of  the  irrigated  land  in  the  Euphrates 
Valley  is  seriously  affected,  with  crop  losses 
worth  about  U.S.  $30  millk)n  annually.  In  Egypt, 
some  0.8  million  liectares,  or  30%  of  the  total,  are 
affected,  and  in  Iran  over  15%  of  the  irri^EUed 
lands.* 

Among  cither  factors  to  be  considered,  the  most 
important  is  disease  transmission  a»*a  result  of 
irrigation.  Schistosomiasis  is  the  most  seriou.;  of 
the  diseases  concemeq.  Irrigation  schemes  pro- 
vide a  natural  environment  for  its  spread,  and  in 
one  case  60%  of  the  adults  and  80%  of  the 
children  are  affected. t  Malaria  can  also  thrive  on 
irrigation  projects,  when  havens  for  vector  breed- 
ing become  established  as  a  result  of  defective 
planning  ar>d  water  management. 

The  problems  of  irrigation  are  immense,  but  the 
.  crop  productiori  poteiuial  due  to  irrigation  is 
equally  great.  The^S5fution  lies  mainly  in  the 
rehabilitation  and  improvement  of  casting  irriga- 
tion schcr'es  and  the  proper  installation  and 
subsequent  management  ^df  new  ones.  The  instal* 
lation  of  new  schemes  will  be  particulariy  impor- 
tant in  Africa,  where  irrigated  areas  are  now 
expanding  rapidly. 

RcgkMial  Walter  Projections 

Table  9-10  and  the  accompanying  maps  show 
per  capita  availability  of  water:^  in  1971  and 
projected  availability  in  2000.  These  projections 
were  developed  by  the  C.I.A.  for  the  Global  2000 
Study  and  are  based  on  data  published  in  1971  by 
the  Russian  hydrologist  M.  I.  LVovich  in  his 


•  M.  El  Gabaly,  op.  cit. 

t  M.  A.  Amin.  Problems  and  Effects  of  Schistosomiasis 
in  Irrigation  Schemes  in  the  Sudan,  Khartoum  Biiharzia 
froject. 

t  Water  availability  it  defined  as  annual  surface  (over- 
land)  ninoff  plus  ground- water  flows. 
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TABLE  »-9 


Irrigation  and  Dralnafe  in  tiie  Developing  Marlcet  Economies,  1975,  and  Targets,  1990 


Africa 

Latin  Amenca 

Near  East 

Asia 

Total 

IRRIGATION  {thousands  of  hec  tares) 

Equipped  irrigation  area.  1975 

2.610 

1 1 .749 

17,105 

60,522 

91.985 

Targets.  1990 
New  trngation 

improvements  lo  existing  irrigation 
minor 
tn^or 

060 
783 
522 
261 

3,101 
4.698 
2.349 
2.349 

4.295 
9,789 
6.368  ^ 
3.421 

13.848 
29.718 
17.614 
^.104 

22.204 
44.988 
26.853 
18.135 

Increased  water  demand  {thoi^sands  of  cubic  meters) 

20 

33 

44 

341 

438 

DRAIN  AGE  Uhoiuands  of  hectares ) 

Improvement  tafiets.  1990  5,900  ,  9,245  9.643       43.396  78.184 

on  irrigated  land  1,177  2  018 

on  fion- irrigated  land  4  723  17  227 


7,076  42.152  52,423 
2,567         1.244  25,761 


Somnt  VwM  NlCmu  W«itr  CoafcrtDce.  WMterfor  Atrkmitmre.  1977,  Annex  1 


book  Global  Water  Resources  and  Their  Future, 
The  projections  from  the  L^vovich  data  were 
obtained  simply  by  calculating  the  percentage 
change  in  population  by  2000  and  reducing  propor* 
tionately  the  per  capita  water  availability. 

A  simple  linear  extrapolation  based  on  popula- 
tion growth  alone  obviously  ignores  many  other 
important  factors  that  could  effect  a  country*  s 
water  situation  (e.g.,  the  level  of  agricultural 
development,  degree  of  urbanization,  etc.).  In- 
deed, water  availability  itself  is  a  relatively  crude 
measure  of  an  overall  water  situation.  Nonethe- 
less, population  growth  will  be  the  single  most 
significant  cause  of  increased  future  demand,  and 
the  projections  are  useful  in  giving  a  gef^eral 
indicatipff^of  potential  future  problem  areas.  ^ 

By  ilbe  year  2000  population  growth  alone  of 
the  world  will  cause  at  least  a  doubling  in  the 
demand  for  water  in  nearly  half  of  the  cauntrie« 
of  the  world.  The  greatest  pressure  will  be  oi 
those  countries  with  low  per  capita  water  availa- 
bility and  high  population  growth,  especially  in 
parts  of  Africa,  South  Asia,  the  Middle  East,  and 
Latin  America.  Much  of  the  increased  pressure 
will  occur  in  developing  countries  wBere,  if  im- 
proved standards  of  living  are  to  be  realized, 
water  requirements  will  expand  several  times. 
Unfortunately,  it  is  precisely  these  countries  that 


are  least  able,  both  financially  and  technically,  to 
deal  with  the  problem. 

As  pressures  on  water  resources  increase,  con- 
flicts among  nations  with  shared  water  resources 
are  likely  to  intensify.  Interstate  disputes  between 
upstream  and  downstream  users  of  multinational 
river  basins  arc  particularly  apt  to  occur  o^er 
questions  of  water  rights  and  priorities.  Long- 
standing quarrels  over  the  ia  Plata  (Brazil,  Argen- 
tina), Jordan  (Israel,  Jordan),  Euphrates  (Syria, 
Iraq),  Indus  (Pakistan,  India)^  and  Ganges  (Bang- 
ladesh, India)  couW  easily  worsen  as  pressures 
become  critical.  And  the  pressures  will  become 
critical:  By  2000  the  Ganges  basin  alone  will 
probably  contain  more  than  half  <^  billion  people! 
The  potential  for  conflkt  is  underscored  by  the 
fact  that  approximately  148  of  the  200  first-order 
river  basins*  of  the  worid  are  shared  by  two 
countries  and  52  by  three  to  ten  countries.  Inter- 
national cooperation  and  negotiation  will  have  to 
be  pursued  as  the  primary  means  of  preventing 
and  resolving  future  disputes. 


•  A  first'Order  river  basin  i$  one  in  which  the  final 
destination  of  the  basin  water  flow  is  an  ocean,  closed 
inland  sea.  or  lake 
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TABLE  9^10 
Ptr  Capita  Water  Avayabyity,  1971  and  2000 


Percent 
Chance  m 

Population 


EUROPE 
Finland 
SweJen 
NoAvay 
Denmark 
Iceland 
Netherlands 
Belgijm  &  Luxembourg 
France 
Great  Bntam 
Ireland 
Switzerland 
Austria 
Portugal 
Spam 
Italy 

Yugoslavia 

Albania. 

Greece 

WeM  Germany 
East  Germany 
C7echoslovakia 
Hungary 

Romania  » 

Bulgaria 

Poland 

ASIA 

U    S.S    R.  y 

European  Portion^ 

Asian  f\)r*H)n 
Mongoba 
P.R.China 
Japan 

North  Kore^ 

South  Korea 

Afghanistan 

Iran 

Iraq 

Turku  y 

Cyprus 

Syna 

Countries  of  the  Arabian 

Peninsula 
Pakistan 
Bangladesh 

India  ^* 

Sn  Lanka 

Nepal 

Burma 

Thailand 

Laos 

Cambodia 
N  Vietnam 
S  Vietnam 
Phibppmcs 

Malaysia.  Singapore  &  Brunei 


per  capita  per  year) 

1971  ■ 

2000  * 

1971-2000 

Indonesa  (excluding  Western 

Percent 

New  Guinea  A  Portuguese 

Change  in 

Timor 

13  0 

6  7 

95 

Population 

IV7i  ■ 

2000  * 

1971-2000 

AFKICA 

Tunisia 

0.9 

Algeria 

2.2 

1  n 

1  u 

1 1 1 
ill 

22  5 

19.9 

13 

Morocco 

2.1 

n  Q 

M7 
1^^ 

24  1 

21  3 

13 

Libya 

3.7 

1  2 

198 

96.9 

81.4 

19 

Egypt 

0. 1 

0  05 

1 1 1 
111 

3  0 

2  7 

13 

Sudan 

4  0 

19 

in? 

IU» 

319.0 

209  9 

52 

.  W  Sahara  ' 

1  8 

0.9 

94 

0.8 

06 

30 

Mauritania 

7  0 

3  6 

94 

0  9 

O.S 

7 

Mali 

12  4 

5  6 

121 

4  6 

1  8 

21 

Niger 

3.5 

1  7 

101 

2  7 

2  0 

34 

Benin 

5.7 

2  7 

111 

13  7 

11.1 

23 

Nigeria 

4.7 

2.4 

7  3 

6  5 

13 

Togo  ^ 

4  5 

1.9 

7  7 

7.6 

1 

Ghana 

7.8 

t  1 

J.  1 

Mn 

1 JU 

2  8 

2.5 

13 

Upper  Volta 

5  2 

2.7 

97 

3.9 

2.8 

39 

Ivory  Coast 

30.8 

115 

3  0 

2  4 

26 

Liberia 

198.0 

89.6 

171 

6  0 

4.6 

30 

Sierra  Leone 

63.7 

109 

10  2 

5.5 

87 

Gumca 

57.6 

30.8 

87 

7.4 

6  4 

16 

Guinea-  Bissau 

55.4 

1.4 

1.3 

9 

The  Gambia 

4,4, 

2.8 

5ft 

JO 

1.2 

1.2 

1 

Senegal 

5.9 

2.9 

i\n 

1  9 

1  5 

27 

CamertK)n 

45.9 

24.4 

ftft 

oo 

0.8 

0.7 

20 

Chad 

10.4 

5.6 

85 

1  8 

1  3 

40 

Cen.  African  Empire 

92.8 

AQ  A 

ftfi 
oo 

2  1 

L7 

23 

Congo 

192.0 

108.5 

77 

1  7 

1  3 

33 

Zaire 

58  4 

Gabon 

328.0 

ADO.  J 

77 

Equatorial  Gumea 

103.0 

61.7 

%}f 

17  8 

13.6 

31 

Ethiopia 

4.6 

2.1 

1 1 5 

62 

4  7 

31 

Somali 

1 Q 

j.^ 

1  ft 

1 1 5 

39.1 

29.8 

31 

Kenya 

3  4 

101 

36  7 

14.5 

153 

Uganda 

6.8 

2.6 

3  8 

2  7 

42 

Tanzania 

5.7 

2  4 

147 

3.8 

2  7 

43 

Rwanda 

1.8 

0.8 

1 15 

1 J  J 

5  0 

20 

153 

Burundi 

1.0 

0.6 

ftl 

O  1 

1  9 

10 

93 

Malawi 

2.0 

1  n 

lUo 

4.4 

22 

96 

'>'>  I 

fi  < 

0.3 

161 

6.0 

25 

145 

Malasasv  Remthlic 

J.'.O 

lA  O 
10. y 

oo 

36 

1  3 

173 

Mozam^«que 

8.0 

4.0 

102 

4  9 

2  3 

118 

S.  Rhodesia 

4.4 

1.6 

169 

006 

0  05 

22 

Namibia 

7  A 

3  0 

'l  0 

165 

Botswana 

n  ft 

1  J.O 

7  7 

07 

Rep.  S.  Africa 

2.9 

1  1 

1  .J 

I7fi 

l^o 

0.7 

03  ' 

!06 

Lesotho^ 

7  1 

85 

OJ 

1  . 

0.5 

125 

Angola 

29.5 

1  S  1 

i  J.J 

Q1 

1  8 

09 

102 

2  9 

I  5 

92 

NORTH  AMERICA 

4.7 

1  H 

69 

Canada 

128.0 

83.0 

54 

11.0 

5  6 

95 

Yukon  A  N.W.  Territories 

5?00n 

3376.6 

54 

24  6 

13  2 

86 

British  Columbia 

iei.o 

247  0 

54 

•  4.8 

20 

135 

Eastern  Piovincfs 

87.5 

56.8 

54 

.77.0 

37  0 

108 

United  Sutes  (48) 

8.4 

6.6 

27 

175 

7.4 

135 

Western  Sutes 

12.0 

9.4 

27 

82 

4.9^ 

68 

Northern  States 

5.4 

4.3 

27 

II.O 

5.7 

92 

Southern  States 

11.6 

9.1 

27 

10  1 

4.2 

139 

Alaska 

2033.0 

1600  8 

27 

33  3 

14  4 

132 

Mexico 

5.5 

1.9 

185 

21 D 
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TABLE  9-10  (continiMd) 

Percent 
Change  m 
Population 
1971  •    2000*  .1971-2000 


CENTRAL  AMERICA.  WEST  INDI3S 

Guate  nulla 

15.1 

7.0 

113 

Bcize 

123.0 

63.7 

93 

Salvador 

4.2 

1.7 

146 

Honduias 

38  0 

1  C  1 

15.3 

1  AO 

148 

Nicaragua  » 

71.7 

27  V 

157 

Costa  Rica 

41.4 

22.3 

86 

Panama 

54.8 

25.1 

1 18 

Cuba 

3  1 

1.8 

74 

Jamaica 

l.l 

O.O 

93 

Haiti 

1  4 

0  8 

81 

Dominican  Rep. 

2.8 

1 .7 

142 

SOUTH  AMERICA 

Afgentina 

11.9 

7  7 

f.  f 

54 

Unicuav 

20.4 

15.9 

28 

Psuiguay 

39.3 

19.0 

107 

Bnzi\ 

59.5 

2o.U 

128 

FreiKh  Guiana 

2400  0 

1034.5 

132 

Surinam 

513 

1  c 

104 

Guyana 

317 

Id4.2 

93 

Venezuela 

73.2 

C 

1  C*T 

157 

Colombia 

52  7 

22.5 

134 

Ecuador 

52  2 

22.7 

130 

Peru 

59.6 

26. 1 

128 

Bolivia 

60.8 

28  7 

112 

Chile 

4''.8 

2o.O 

o7 

AUSTRALIA  AND  NEW  ZEA- 

LAND 

Australia 

678  0 

452.0 

50 

W.  Australia 

62.6 

41." 

50 

N.  Territoiy 

757.0 ' 

504.7 

50 

S.  Australia 

4.5 

3.0 

50 

Queensland 

76.8 

51.2 

50 

New  South  Wales 

12.0 

8.0 

50 

Victoria 

55 

3.7 

50 

Tasmanii 

123.0 

82.0 

50 

New  Guinea  Island 

30.4 

13.9 

119 

New  Zealand 

136.0 

72.0 

8V 

N.  Island 

56.9 

30.1 

89 

S.  Island 

346.0 

163  0 

89 

*TlM«t  mMnbvrt.  m  thouuuMti  of  cuNc  met«n  »er  c  ^ita  per  year,  have  the 
f»ttowiof  approx^HMta  ncaftinf.  A  vaJuc  of  1  0  or  under  is  a  very  \ow 
availMNty.  10-5  Ota  low:  5  0.10 Ob  NMdnim;  10  Oor  above  isliith 
'tiM  >0|iyltiuii  prqfactwM  uaMl  here  arc  ilic  Bufraau  of  Ccniui  mediiun  9trie% 
ia<>alnp»d  Ibr  iMa  Smrfy  ft«i^iom  for  coMKrits  wot  hated  m  Cliapter  2  were 
cMm4  diractly  tnm  Ctum  peraomiel  Weatem  SaWa's  proiectioii  i«  bajied 
on  MaaritaAk'i  yopwlalioa  chanic  ftturt  becauae  available  data  for  Wettern 
Mara  waa  MTtMiMe. 

Somrcti  !r7l  Oguret  were  taken  from  M  I  t'yovich.  Global  Wuter 
Jf/MHirr/f  eW  Tkfir  fmtyrt  im  UuuiiUi).  1974  *  :  2000  flgurct  were  oNaiacd 
by  calciilaliiii  Um  percemati  chante  tn  yopulaiion  and  red^icing  propoitKMiaiely 
tlw  par  capHa  water  availabiliiy 


FMure  Water  Resources 

World  water  withdrawals  for  1975  aggregated 
*  less  than  3  x  lO'*  cubic  meters  per  year,  while 
the  lower-bound  supply  estimate  is  more  than  an 
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order  of  magnitude  greater,  nearly  4  x  IQ*^  cubic 
nietcrs  per  year.  Other  estimates  indicate  that 
nearly  60  percent  of  all  water  withdrawn  is 
returned  to  the  environment,  so  the  actual  global 
total  of  water  consumed  may  be  no  wort  than  3 
per  cent  of  the  aggregate  water  supply.  Barring 
substantjal  climatic  change,  the  supply  estimate 
should  remain  constant  throughout  the  near  fu- 
ture, while  water  withdrawals  climb  steadily  with 
population  and  rising  agricultural  and  industrial 
output.  Even  if  water  withdrawals  were  to  in- 
crease by  a  factor  of  7  by  the  year  2000  (the 
Kalinin  forecast),  only  about  50  per  cent  of 
aggregate  supply  would  be  withdrawn,  and  about 
15  percent  actually  consumed. 

Comforting  as  such  figures  qiay  be,  they  are 
misleading.  In  fact,  any  significant  increase  in  the 
rate  of  water  withdrawal,  even  a  doubling  by  the 
year  2000,  is  virtually  certain  to  cause  m^or  water 
supply  probfems.  The  use  Of  energy  and  other 
resources  by  the  water  supply  sector  will  increase 
dramaticallj^.  Water  shortages  will  become  more 
frequent,  and  their  effects  will  be  more  wide- 
spread and  nrwre  severe.  The  availability  of  water 
will  become  an  even  more  binding  constraint  on 
the  location  of  economic  development.  The  notion 
of  water  as  a  free  good  available  in  essentially 
limitless  quantities  will  have  disappeared  through- 
out much  of  the  world. 

These  less  encouraging  predictions  stem  from 
recognition  of  the  intensely  local  nature  of  a  water 
resource.  There  exists  no  worid  water  economy, 
and  it  is  rarely  meaningful  to  speak  of  a  national 
water  economy.  Most  water  economies  exist 
within  smaller  hydrologic  provinces,  in  single  river 
basins,  aktjoining  basins  connected  by  water  trans- 
mission"fai:ilities  and  the  like.  When  the  supply  in 
such  a  limited  area  falls  short  of  the  attempted 
withdrawals,  water  shortages  occur,  regardless  6f 
tne  quantities  of  watcfr  available  in  neighboring 
basins.  It  may  also  be  true  that  attempted  water 
withdrawals  cannot  be  maintained  during  a  period 
of  low  streamflow,  even  though  adequate  water  is 
available  in  the  same  stream  at  other  times. 

This  nonuniform  distribution  uf  water,  both  in 
space  and  in  time,  is  the  fundamental  cause  of  the 
uniquely  local  nature  of  water  supply  problems. 
When  data  are  summed  or  averaged  over  a 
number  of  water  supply  areas,  the  nonuniformity 
is  concealed,  and  water  resources  may  appear  to 
be  adequate  when,  in  fact«  serious  shortages  are 
likely  to  occur. 

When  shortages  do  occur  or  are  considered 
likely  to  occur,  a  number  of  steps  can  be  taken. 
First,  the  supply  may  be  augmented. 

One  approach  to  augmentation  consists  of  trans- 
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ferring  water  in  space  and/or  time  so  as  to  meet 
the  requirements  of  attempted  withdrawals.  Water 
is  transferred  in  space  by  constructing  or  employ- 
ing transportation  facilities  (such  as  water  trans- 
mission mains)  to  move  water  from  an  area  where 
it  is  not  required  to  the  area  of  potential  shortage. 
Water  is  transferred  in  time  by  constructing  stor- 
age facilities,  usually  major  impoundments  on 
existing  streams.  Due  to  the  very  large  quantities 
of  water  involved,  transmission  over  large  dis- 
tances is  very  expensive,  requiring  large  commit- 
ments of  energy.  Major  storage  projects  are  also 
expensive,  and  may  have  the  added  disadvantage 
of  increasing  total  evaporation,  thus  reducing  the 
total  supply  available.  Both  actions  have  the 
potential  of  permanently  altering  natural  land- 
scapes, and  of  creating  ecological  disruptions. 
However,  water  shortage^  that  result  from  a  lack 
of  adequate  storage  capacity  may  entail  high 
economic  and  soviai  costs. 

Another  means  of  supply  augmer'ation  requires 
increased  reuse  of  return  flows  from  other  water 
users.  This  may  require  rearranging  the  sequence 
of  uses  so  that  those  requiring  the  highest  quality 
come  first,  followed  by  users  who  are  increasingly 
tolerant  of  lower-quality  water.  More  often,  reuse 
may  be  increased  by  the  installation  of  improved 
treatment  facilities,  either  at  the  first  user's  ef- 
fluent or  the  second  user's  intake.  Such  measures 
are  costly,  and  they  consume  significant  quantities 
of  energy  and*  perhaps,  various  chemicals. 
Changes  in  the  quality  of  the  environment  may 
occundirectly,  or  as.  the  result  of  decreased 
streaipflows  below  the  region  of  more  intensive 
water  use. 

The  second  step  taken  in  the  case  of  water 
shortage  involves  reducing  rates  of  water  use. 
This  may  occur  through  economic  incentive,  as 
increasing  scarcity  drives  the  price  of  water 
higher,  encouraging  water  users  to  substitute  other 
goods  or  other  inputs  for  the  use  of  water.  It  may 
occur  administratively,  as  users  either  voluntarily 
invoke  water  conservation  practices  or  do  so 
because  of  regulation  or  because  of  reductions  in 
water  allocations.  Water  use  may  also  be  reduced 
by  stimulating  the  introduction  of  new,  less  water- 
intensive  technology  (cooling  towers  for  power- 
pluits,  or  drip  irrigation). 

Finally,  when  possibilities  for  supply  augmen- 
tation and  for  water-use  reduction  have  been 
exhausted,  and  withdrawals  still  threaten  to  ex* 
ceed  available  supply,  water  must  be  allocated 
among  several  uses,  so  that  the  damages  incurred 
as  a  result  of  shortage  will  be  minimized.  In  ihe 
absence  of  si*cii  allocation,  the  available  water  is 
used  on  a  first  come,  first  served  basis,  until  the 


water  supply  fails  entirely.  Supply  failure  creates 
a  potential  for  public  health  problems,  industrial 
shutdowns,  and  massive  crop  failures  (which  also 
have  human  health  implk:ations). 

Some  of  the  measures  outlined  here  can  only 
be  implemented  after  relatively  long-term  planning 
and  constmction  (water  transmission  and  storage 
facilities,  for  example);  others  are  available  on  an 
immediate  short-term  basis  (water-use  reduction 
techniques  not  involving  new  technology).  The 
measures  requiring  constmction  have  the  potential 
of  creating  adverse  environmental  effects,  and 
some  may  imply  large  increases  in  the  use  of 
energy,  li  may  be  advantageous  to  engage  in  still 
longer-term  planning,  so  as  to  /acilitatc  the  loca- 
tion of  future  water-using  activities  in  areas  better 
able  to  provide  the  necessary  water.  Again,  these 
considerations  and  findings  depend  upon  specific, 
area  by  area  analyses  of  water  supply  and  de- 
mand; they  cannot  be  obtained  from  national 
aggregate  data. 


Conclusions 

There  will  apparently  be  adequate  water  avail- 
able on  the  earth  satisfy  aggregate  projected 
water  withdrawals  in  the  year  2000;  the  same 
finding  holds  for  each  of  the  continents.  Neverthe- 
less, because  of  the  regional  and  temporal  nature 
Of  the  water  resource,  water  shortages  even  before 
2000  will  probably  be  more  frequent  and  more 
severe  than  those  experienced  today. 

By  the  year  2000  population  growth  alone  of 
the  world  will  cause  at  least  a  doubling  in  the 
demand  for  water  in  neariy  half  of  the  countries 
of  the  world.  The  greatest  pressure  will  he  on 
those  countries  with  low  per  capita  water,  availa- 
bility and  high  population  growth,  especially  in 
parts  of  Africa,  South  Asia,  the  Middle  East,  and 
Latin  America.  Much  of  the  increased  pressure 
will  occur  in  developing  countries  where,  if  im- 
proved standards  of  living  arelo  be  realized, 
water  requirements  will  expand  several  times. 
Unfortunately,  it  is  precisely  these  countries  that 
are  least  able,  both  financially  and  technically,  to 
deal  with  the  problem. 

Although  irrigated  land  comprises  only  13%  of 
the  world's  total  arable  area,  irrigation  accounts 
for  by  far  the  largest  proportion  of  the  total  water 
used  by  man  and  will  continue  to  be  the  greatest 
water  consumer  in  the  future.  The  total  irrigated 
area  of  the  worid  was  223  million  hectares  in 
197S,  and  is  expected  to  rise  to  273  miPion 
hectares  by  1990.  As  a  result  the  demand  for 
water  for  irrigation  in  the  developing  market 
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economies  alone  would  increase  between  1975 
and  1990  by  438  cubic  kilometers,  or  more  than 
30  percent  of  the  current  total  world  use  of  water 
for  irrigation. 

The  need  for  water  resources,  however,  goes 
beyond  quantity  and  must  also  consider  quality. 
The  hannful  effects  of  waste  disposal  on  quality 
are  well  known,  but  a  m^jor  unseen  problem  is 
the  increasing  salinity  of  water  resources  with 
use — particularly  irrigation  use.  Increasing  salinity 
is  an  inevitable  process  in  nature,  but  man  has 
greatly  accelerated  it  and,  with  continued  in- 
creases m  the  intensity  of  use,  the  problem  will 
become  greater. 

Salinization  is  very  often  associated  with  irriga- 
tion. The  causes  include  unsuitable  soils,  irrigation 
with  poor  quality  water  (as  discussed  above), 
inadequate  soil  drainage  to  remove  soluble  salts,  a 


high  water  table,  and  a  high  evapotranspiration 
rate.  It  is  estimated  that  about  half  of  all  the 
irrigated  lands  of  the  world  have  been  damaged 
by  salinization*  alkalinization  and  waterlogging.  In 
some  cases,  large  areas  of  irrigated  land  have  had 
to  be  abandoned  as  a  result  of  soil  salinization. 
Past  neglect  of  drainage,  in  conjunction  with 
irrigation,  has  reduced  the  productivity  of  millions 
of  hectares,  which  must  now  be  reclaimed  if  at  all 
possible. 

As  pressures  on  water  resources  increase,  con- 
flicts among  nations  with  shared  water  resources 
are  likely  to  intensify.  Interstate  disputes  between 
upstream  and  downstream  users  of  multinational 
river  basins  are  particularly  apt  to  occur  over 
questions  of  water  rights  and  priorities.  Long- 
standing quarrels  could  easily  worsen  as  pressures 
become  critical. 
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10  Energy  Projections 


This  chapter  presents  U.S.  and  world  energy 
forecasts  for  the  mklrange  (1985-90)  and  the  long 
range  (to  the  year  2000).  The  forecasts,  made 
during  the  spring  of  1978,  endeavor  to  reflect  a 
range  of  uncertainty  in  future  economic  and 
demographic  growth  by  presenting  three  projec- 
tions  of  energy  consumption  trends.  analysis 
also  examines  how  these  demands  would  be 
satisfied  by  development  of  energy  supply  in  a 
market  environment.  The  midrange  forecasts  were 
made  for  the  Global  2000  Study.  The  long*range 
forecasts,  made  by  other  organizations,  are  com- 
pared to  the  trend  in  the  midrange  projections. 
The  regional  changes  in  energy  trade  and  per 
capita  consumption  between  1975  and  1990  im- 
plied by  the  forecasts  are  summarized  in  the  niaps 
on  the  following  two  pages. 

The  conclusions  can  be  summarized  as  follows. 
On  the  consumption  side: 

•  The  connection  between  economic  growth  and 
energy  demand  growth  is  projected  to  continue 
at  kast  through  1990,  moderated  only  by  poten-* 
tial  price  increases. 

•  Current  analysts  ^of  the  effect  of  relative  and 
overall  levels  cS  energy  prices  on  the  structure 
of  eneiigy  demand  shows  that  there  is  a  strong 
potential  for  fuel  substitution  in  energy  con- 
sumption. 

•  However,  current  medium  and  high  economic 
^wth  projections  apptar  to  lead  to  situations 
in  which  significantly  higher  prices  for  petro- 
leum will  be  required  to  equili1>rate  supply  and 
demand  by  fuel  substitution  and  other  means  of 
petroleum  demand  reduction. 

•  In  the  very  long  term,  there  appears  to  be 
consicterable  potential  for  aggressive,  conserva- 
tion-induced reductions  in  energy  consumption. 

On  the  energy  supply  side: 

•  Petroleum  production  capability  is  not  increas- 
ing as  fast  as  demand.  De|>ending  upon  eco-  < 
nomic  growth  and  conservation,  a  supply-con- 
strained market  appears  to  be  a  strong 
possibility  for  the  late  1960s. 

•  In  the  long  term,  the  rate  of  petroleum  reserve 
additions  appears  to  be  fallmg.  As  a  result, 
engineering  considerations  indicate  that  world 


petroleum  production  will  peak  in  the  1990-2010 
interval  at  80-105  million  barrels  per  day,  with 
ultimate  resources  estimated  at  2,100  billion 
barrels. 

•  There  is  a  substantial  potential  for  growth  in  the 
coal  and  natural  gas  supplies  i?eyond  the  year 
2000. 

Since  there  was  not  sufficient  time  to  evaluate 
a  range  of  possible  global  k)ng-term  projections, 
there  is  a  degree  of  inconsistency  in  the  long-run 
view  that  can  be  resolved  only  by  further  careful 
long-term  analysis  of  the  projections  or  an  inde- 
pendent long-run  projectk)n  exercise. 

Bask  Assumptions 

The  underiying  assumptions  of  the  forecasts  in 
this  chapter  take  into  account  many  uncertainties 
in  key  variables  and  thus  reflect  a  range  of  future 
outcomes.  Projections  of  energy  supply  and  de- 
mand levels  require  estimates  of  economic  varia- 
bles as  well  as  estimates  of  possible  technologi- 
cal— and  to  some  extent  political— changes.  The 
mayor  variables  used  to  drive  the  forecasts  are: 
fross  domestic  product  (GDP)  and  populatk)n 
ranges*;  price  assumptions;  the  behavior  of  the 
Organization  of  Petroleum  Exporting  Countries 
(OPEQ;  technological  penetration;  and  conserva- 
tion. 

^GDPIPopulation  Ranges.  Riture  energy  growth 
is  determined  prioiarily  by  future  economic 
growth,  as  reflected  in  GDP  and  population 
changes.  This  analysis  assumes  that  there  will  be 

4  no  structural  /hanges.  In  this  analysis,  one  com- 
plete set  of  projections  was  developed  for  each  of 
the  Gk>bal/0uU  medium,  low,  and  high  GDP  and 
populatiopr  growdAate  assumptions.  These  three 
economi/  projections  are  designed  to  cover  the 
rangr/n  possible  outcomes. 

^^.^''fnce  Assumptions.  Energy  price  assumptions 
affect  the  levels  o^^97isumption  and  determine 
the  competitiveness^  all  new  technologies.  They 


^Results  calculated  for  the  Administrator's  Annual  Report 
are  not  entirely  comparable  with  Global  2000  Study  figures 
because  different  economic  and  demographic  growth  rates 
were  assumed. 
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arc  dependent  not  only  on  traditional  supply  and 
demand  conditions  but  also  on  the  actions  of  the 
OFEC  cartel  in  adjusting  the  price  of  the  maiynal 
supply  of  oil. 

The  first  set  of  projections  in  this  chapter  is 
based  on  a  constant  real  oil  price  of  $13  per  barrel 
in  1973  dollars  through  the  year  2000.  However, 
rising  oil  prices  appear  to  be  a  strong  possi{)ility. 
Strong  upward  pressure  on  world  energy  prices  in 
the  1980*90  period  may  result  from  resource 
conservation  policies  of  producer  countries  and 
rapidly  rising  world  demand.  A  second  projection 
is  then  generated,  using  the  assumption  that  oil 
prices  rise  at  a  real  rate  of  5  percent  per  annum 
between  I960  and  1990. 

OPEC  Beha\Hor.  OPEC  currently  controls  the 
price  of  international  crude  oil.  More  intense 
competition  among  oil  importing  countries  for 
the  available  OPEC  supply  is  expected  in  the 
future »  so  OPEC  pricing  policies  remain  specula- 
tive. 

It  is  possible  that  the  demand  for  oil  will 
exceed  maximum  world  production  well  before 
the  year  2000.  This  will  ultimately  lead  to  re- 
source depletion,  and  many  OPEC  nations  face  a 
future  where  oil  is  no  longer  their  principal  asset. 
To  extend  this  transition  period,  some  oil  produc- 
ing countries  may  adopt  resource  conservation 
measures  and  output  ceilings,  resulting  in  higher 
real  oil  prices. 

Technological  Penetration.  The  characteristics 
and  economics  of  technologies  can  have  dramatic 
effects  on  the  overall  projections.  Of  equal  im- 
portance are  the  assumed  availability  and  rate  of 
penetration  of  competitive  technologies.  Im- 
proved technology  can  provide  for  the  full  utili- 
zation of  renewable  resources  in  the  long  run. 
Most  alternative  technologies  are  not  now  eco- 
nomic, but  higher  energy  prices  and  limited 
conventional  supply  prospects  encourage  thfir 
development.  Both  hard  and  soft  technologies 
arc  considered  in  the  forecasts,  with  potential 
impacts  being  realized  in  some  cases  through 
1985,  in  others  not  until  after  2000.  The  eventual 
result  will  probably  encompass  a  blend  of  differ- 
ent technologies  that  most  efficiently  and  ec 
nomically  meets  the  diverse  con^^umption  re- 
quirements. 

Conservation,  Energy  conserving  policies  may 
originate  from  both  consumer  and  producer 
groups.  As  energy  prices  increase  demand  will 
decrease.  Possible  structural  changes  will  further 
reduce  demand.  Shifts  are  introduced  by  changes 
in  the  efficiency  of  the  capital  stock  either  by 
turning  over  the  stock  at  a  faster  than  normal  rate, 
by  retrofitting  the  stock,  or  by  introducing  new. 
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more  efficient  capital  into  the  stock.  Conservation 
may  also  be  encouraged  through  governmental 
policies  aimed  at  controlling  environmental  dam- 
age. 

MMrange  Energy  Forecasts,  1985-90 

The  energy  forecasts  will  be  presented  in  two' 
phases:  midrange  extrapolations  covering  1985-90 
and  long-range  extrapolations  eJitending  to  the 
year  2000.  This  division  is  made  necessary  by  the 
differing  philosophical  approaches  used  in  the 
forecasts. 

This  section  presents  ai)  analysis  of  three  scen- 
arios chosen  to  illustrate  the  range  d[  possible 
variations  in  worid  economic  and  demographic 
trends,  with  regional  and  worid  energy  balances 
presented  for  1985  and  1990.  The  scenarios  are 
unconstrained  in  the  sense  that  unlimited  worW  oil 
supplies  are  assumed  available  at  constant  real  oil 
prices  to  1990.  A  modified  energy  protjection  is 
also  developed,  assuming  annual  energy  price 
increases  of  5  percent  fiom  1980  through  1990. 

The  basic  assumptions  of  the  nKxlel  are  the 
analyst's  representation  of  the  way  th&  energy 
system  operates.  In  this  analysis  this  system  is 
understood  to  a  market  in  which  sellers  of 
natural  resourc^es--oil,  coal,  and  gas-^re  compet- 
ing to  satisfy  the  demands  for  energy.  In  the 
midrange  forecasts  demand  is  based  primarily 
upon  past  trends,  driven  by  economic  activity, 
cneiigy  prices,  and  the  growth  of  energy-consum- 
ing stock.  The  actual  demand  for  energy  products 
is  constrained  by  technological  limits  imposed  by: 
our  ability  to  satisfy  end-use  demands  for  heat, 
transportation,  mechanical  drive,  etc.,  witii  pri- 
mary fuels;  our  ability  to  generate  secondary  fuels 
and  energy  such  as  gasoline,  distillate,  and  elec- 
tricity from  primary  fuels;  and  our  ability  to 
convey  primary  fuels  to  points  of  conversion  and 
generation.* 

The  midrange  model  of  the  energy  market 
equilibrates  supply  and  demand  under  these  con- 
straints in  a  competitive  market  simulation.  Fore- 
casts are  generated  using  two  equilibrium  repre- 
sentations, the  Project  Independence  Evalttation 
System  (PIES)  for  the  U.S.  and  the  International 


*For  example ,  natural  gas  remains  tn  Saudi  Arabia  because 
there  is  no  practical  way  to  transport  it  to  New  York  for 
use  as  home  heat.  Likewise,  excess  natural  gas  in  New 
York  would  be  useless  as  a  fuol  for  automobile  transporta- 
tion. These  anomalies  limit  oJr  current  ability  to  satisfy 
requirements  for  services.  Long-term  planning  should  be 
directed  toward  satisfying  actual  end-use  requirements  with 
pnmary  sources.  In  contrast,  midrange  planning  is  predom- 
inately concerned  with  providing  secondarytuels,  using  our 
existing  conversion,  transportation,  and  delivery  capability. 
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Eiieriy  Evaluation  System  (lEES)  for  the  rest  of 
the  world.  Results  of  the  PIES  analysts  are  used 
m  lEES  to  represent  the  United  States. 

In  both  PIES  and  lEES,  energy  sector  demands 
are  determined  on  the  basis  of  past  experience  as 
fkmctilns  of  product  prices,  economic  activity 
(ONP  or  GDV),  and  a  lag  term  to  estimate  capital 
stock  chances.  After  determining  total  sectoral 
Btu  (British  thermal  unit)  demands,  individual 
product  demands  are  estimated  as  functions  of 
relative  prices  and  stock  changes.  Given  this 
demand  slate,  an  integrating  analysis  uses  a  supply 
function  derived  from  fuel  specific  supply  and 
conversion  models  to  produce  supply  estimates.- 
An  iterative  approach  is  then  used  to  adjust  prices 
until  an  energy .  market  equilibrium  is  reached 
between  supply  and  demand.  Detailed  representa- 
tions of  energy  transportation,  conversion  (by 
utilities  and  other  processes),  and  refining  are 
emptoyed  to  capture  the  effects  of  the  existing 
capital  stock  of  coal,  oil.  and  gas  consuminjg 
equipment  and  and  changes  as  this  equipment  is 
replaced  ^y  new  building  programs.  The  method- 
ology is  described  in  greater  detail  in  Chapter  20 
of  this  volume. 

The  two  principal  uncertainties  in  forecasting 
consumption  are  also  the  most  important  varia- 
bles—economic and  population  growth.  Three 
alternative  projections  of  each  were  used  as  the 
basis  for  the  low.  medium,  and  high  qases  (Tables 
1(^1  and  10-2). 

The  medium  case  assumes  medium  populatim 
and  GNP  growth;  the  high  case  assumes  low 
populatkm  mc\d  high  GNp  growth;  and  the  low 
case  assumes  high  population  ^nd  low  GNP 
growth.  For  the  less  developed  regions,  popula- 

TABLE.10-1 
Real  GNP  Growth  Rale  AmnnptkHis 

(Compound  annual  percent^ 

1985-2000 


TABLE  10-2  ^ 
Pdpufatioo  Growth  Rate  AasumpCkNit 

(Cbmpound  annual  percent) 


High 

Me- 
dium 

Low 

High 

Me- 
dium 

Low 

OPEC 

7,2 

6.35 

5.5 

6.5 

5.4 

4.3 

Low-income 

LDC« 

4.4 

3.6 

2.8 

3.1 

2.8 

2.5 

Metliunrrm* 

come  LDCt 

6.6 

5.55 

4.5 

4.9 

4.4 

3.9 

OECD 

natiofid 

4.9 

4.0 

3.1 

3.7 

3.1 

2.5 

Soviet  bloc 

(excluding 

U.S.S.R.) 

•  3.3 

3.25 

3.0 

3.0 

2.75 

2.5 

U.S.S.R 

3.5 

3.25 

3.0 

3.0 

2.75 

2.5 

Chma 

5.0 

3.75 

2.5 

5.-0 

3.75 

2.5 

1985-2000 

High 

Me- 
dium 

Low 

High 

Low 

dium 

United 

States 
Canada 
Japan 

Europe 

.96 
1.1 
.91 
.35 

.70 
.92 
\W 
.32 

.51 
.70 
.81 
.30 

.94 
1.20 
.58 
.48 

.55  .27 
.90  .59 
.67  .53 
.42  .34 

fVtMt  The  entfiy  dcmsnd*  of  ihc  lest  developed  couMnes.  OPEC  Mliom. 
cemrally  jptanned  cconomm  ere  not  modeled  m  bcwt  Mramvc  to  popubuion 
growth  relet  end  ihercf(»rc  ere  not  preeented  in  ihm  table 

tion  is  not  an  exogenous  variable  in  the  determi- 
nation of  eheigy  demands,  so  changes  in  popula- 
tion growth  rates  influence  energy  demand  only 
insofar  as  they  are  reflected  in  GNP  growth  rates. 
All  other  exogendus  variables  are  held  constant. 
The  common  assumptions  for  this  set  of  prelec- 
tions are: 

•  A  real  oil  price  o^  $13  per  barrel  (in  197S  dollars. 
CIF  U.S.  East  woast)  is  maintained  through  the 
year  2000. 

•  OPEC  is  the  worid's  unconstrained  marginal 
supplier  of  crude  oil. 

•  The  base-case  situation  fbr  the  U.S.  includes 
natural  gas  regulation  and  crude  oil  price  con- 
troL 

•  OECD  country  policies  regarding  conservation, 
taxation,  import  tariffs,  and  supply  development 
are  fixed.  (Thei^  relative  Qoatnbutions.  shown 
in  the  1978  annual  report  of  the  Department  of 
Eneii^'s  Energy  Intormation  Administration, 
are  discussed  below  in  the  uncertainty  section.) 

•  Development  policies  of  the  less  developed 
countries  (LDCs)  continue  on  their  present 
course  (energy  demand  tied  to  GDP  growth), 
with  no  special  OPEC  oil  price  arrangement  for 

LDCs.  ^ 

The  result  of  the  calculations  is  a  set  of  world 
and  regional  equilibrium  energy  balances  for  1985 
and  1990  for  all  three  growth  scenarios  (Tables 
1(M  and  10-5).  Table  lC-3  summarizes  the  fore- 
casts for  total  oil  and  total  energy. 
For  1985  U.S.  energy  demand  ranges  ftt>m  87 
quadiriUion  Btu  (quads)  in  the  low  GNP  case  to 
102  quads  in  the  high  GNP  case,  the  range  for 
world  demand  being  329-352  quads.  World  oil 
consumption  is  forecast  to  be  in  the  iimge  of  71- 
86  million  barrels  per  day  (mb/d)  in  1985.  with 
U.S.  oil  consumption  between  19-24  mtVd.  Aver- 
age annual  1975-90  growth  iiUes  range  from  3.3  to 
4.4  percent  for  total  energy  and  2.8  to  4.5  percent 


ERLC 


229 


166 


THE  PROJECTIONS 


1^    .  TABLE  I(W 

Total  WorlcKNl  and  Energy  Consumption,  1985 
aiid  1990,  and  Average  Annual  Growth  Rates, 
1975-90 

Average 
Annual 
Growth 
Total  Rate 
Total  Oil  Energy  l<>75-90 

(thousands  bblld)    (I0»» am)  iptrvent) 


1985       1990      1985     1990  Oil 


HighGNP  86.318  102.266  375  448  4.5  4.4 
Medium 

GNP  78.256  90.105  352  414  3.7  3  J 

LowGNP  71.235  79.581  329  379  2  8v  33 


for  world  oil.  The  corresponding  pre-embargo 
growth  rates  were  5.1  percent  fo^^energy  and  7.7 
percent  for  oil  for  the  1966-73  period.  The  princi- 
pal change  is  the  lowering  of  economic  growth 
rates  as  higher  prices  affect  consumption  and 
conservat''>n. 

In  Table  10-5,  predicted  world  energy  con- 
sumption for  1990  has  risen  to  379-448  quads  and 
U.S.  consumption  to  9^111  quads.  Both  medium 
and  high  GNP  growth  demands  for  oil  exceed 
estimated  OPEC  productive  capacity  and  thus  are 
prot)ably  infeasible.  U.S.  oil  demand  is  in  the  20- 
25  mb/d  range  and  world  demand  between  80  and 
103  mb/d.  For  the  same  year,  U.S.  oil  imports  arc 
predicted  at  10-15  mb/d.  World  coal  consumption 
varies  from  ^  high  of  5.2  billion  short  tons  per 
year  to  4.6  billion.  Natural  gas  consumption  h 
predicted  to  be  between  59  and  66  trillion  cubic 
feet  per  year. 


The  Roie  of  Uncertainty 

The  midrange  forecasts  display  a  range  of 
possible  economic  outcomes  but  do  not  incorpo- 
rate uncertainties  such  as: 

•  Energy  supply  from  the  centrally  planned  econ- 
ornies.  Forecasts  of  their  uncertain  role  in  the 
international  market  between  1985  and  1990 
range  fh)m  net  exports  of  1  mb/d  to  net  imports 
of  4-5  mb/d.  ^ 

Non-OPEC  supply.  Estimates  show  an  uncer- 
tainty of  ±3.0  mb/d  in  1985  and  ±3.5  mb/d  in 
1990  for  the  midrange  estimate  assumed  here. 

•  OECD  conservation  programs.  These  were 
sessed  at  conservative  midmAge  liialues  in  this 
forecast.  A  more  aggressive  upper  range  assess- 
ment places  this  saving  at  2.5  mb/d  in  1985  and 
3.5  mb/d  in  1990. 


Figure  10-1  shows  the  uncertainty  bands  for 
projected  total  demand  for  OPEC  oil.  The  spread 
of  uncertainty  around  the  base-line  economic 
projections  (shown  by  the  shaded  bands)  illus- 
trates an  extreme  range  of  demand  levels  that 
consider  the  highest  and  lowest  possible  out- 
comes. The  projected  demand  for  OPEC  oil  under 
the  high  price  assumption,  discussed  below,  is 
also  shown  in  the  figure.  Rest-of-world  demand 
for  OPEC  oil  becomes  lower-^proaching  the 
most  favorable  line--as  the  non-OPEC  supp.y  of 
oil  increases  and  conservation  measures  ar«  suc- 
cessful. Higher  dependence  on  OPEC  oil  results  if 
non-OPEC  production  is  at  the  bottom  of  the 
expected  range  and  energy  consumption  increases 
faster  than  projected.  The  broad  range  of  possibil- 
ities occurs  because  of  the  potential  difference 
between  non-OPEC  supply  and  demand.  Also, 
the  potential  error  in  computing  the  high  and  low 
bands  is  additive,  the  extremes  being  realized  only 
with  certain  combinations  of  events.  Projections 
of  high,  medium,  and  low  demand  made  with 
moderate  conservation  and  supply  assumptions 
can  be^regarded  as  the  most  probable  limits. 

OPEC  Pricing 

Aftther  significant  unknown  is  OPEC  pricing 
policy  for  Saudi  Arabian  reference  crude.  OPEC 
is  a  13-member  assembly  of  countries  with  a 
broad  range  of  economic  potential,  per  capita 
income,  oil  reserves,  and  development  require- 
ments. Table  10-6  illustrates  this  range  for  all  less 
developed,  oil  exporting  countries,  including  non- 
OPEC  members.  Current  production  levels  are 
compared  with  capacity*^and  future  prxxluction' 
potential  based  upon  proved  reserves.  Note  that 
countries  with  high  per  capita  incomes  such  as 
Kuwait  and  Saudi  Arabia  have  surplus  production 
capacity  and  large  financial  reserves.  Because  of 
diversity  among  OPEC  members,  the  forecast 
level  of  oil  prices  as  determined  at  b'annual 
meetings  is  based  on  essentially  speculative  fac- 
tors. 

From  the  oi)  market  point  of  view,  OPEC 
membership's  not  important  because  the  cartel 
oU  pnce  determmes  the  price  of  incremental  oil 
production,  if  the  market  is  viewed  as  essentially 
competitive,  all  oil,  regardless  of  the  source,  is 
priced  to  compete  in  its  own  market  with  oil  from 
this  spare  capacity. 

The  low-income  countries^-Indonesia,  Mexico, 
Nigeria,  Algeria— have  an  incentive  to  shade  their 
prices  relative  to  the  reference  price  in  order  to 
maximize  sales  and  revenues.  With  their  prices 
slightly  lower  than  the  established  OPEC  price. 
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TABLE  104 

RcgkMial  Energy  B^laifl 

1965 

United 
States 

.^^ilT3u?*nal- 
ized 

Less 
Developed 

OPF-C 
Countnes 

CentruMy 
Planned 

Worid 

Countries* 

Countries 

Economics 

MEDIUM  GNP  GROWTH 

Oil 

^ikniiiiimds  bbllduvi 

Production 

in 

lo.ZVo 

7.429 

39.257 

7R  ISfk 

Imports 

1  1  ,LOO 

34.UDO 

2.816 

-  35.579 

~  1 
1  . 

ConftunipCion 

cn  \A') 

10,245 

3.678 

Nfttunl  f  • 

(hiUions  ciifil\f} 

Production 

16  731 

1 J 

3.034 

5.879 

18  339 

56.468 

Imports 

1.844 

-600 

2.164 

-654 

Cofisumptioii 

18  575 

2.433 

3.720 

17.684 

CoaJ 

i 

(millions  short  ton\Nr) 

Production 

1.038 

1.726 

426 

5 

2.616 

4,772 

Imports 

-74 

97 

-42 

-55 

vmisunipuun 

964 

1.823 

384 

5 

2.561 

4.772 

Uuckar,  hy^     solir,  geothcrmal 

(lerawath  rfyr) 

97^ 

2.51.-^ 

585 

19 

760 

3.879 

Total  energy  consumption 

{quadrillion  Btu) 

96 

203 

39 

12 



98 

 —   

352 

.  . 

Oil  , 

 , —  

HIGH  GNP 

GROWTH 

{ihoHsands  bbllday) 

Production 

in  'yA(\ 
1U.Z4U 

xts  "yxi 

7.452 

47.280 

15.295 

86.318 

Imports 

W  t%Al 
1  J.D^  / 

3.788 

43.186 

-  894 

Consumption 

11.240 

4,094 

14.401 

86.318 

N^urml  sas 

{billions  cisfthtr} 

Production 

lO.OUD 

3,262 

6.582 

18.980 

58.630 

Imports 

-600 

-  2.532 

773 

Consumption 

33  71 1 

2.662 

4.050 

18.207 

58.630 

Ct«l 

{millions  short  tonstyr} 

Production 

1.102 

1.844 

462 

6 

4.706 

!mlK)ftS  ^ 

-74 

97 

"42 

C<His'imption 

].028 

1.941 

420 

6 

'i.  >j 

4.706 

Nuclear,  hydro,  solar,  geothermal 

{terawatt'hrfyri 

976 

?.5I6 

585 

19 

760 

3.880 

Totai  energy  consumption 

{rtuadrillion  Bty) 

102 

220 

43 

13 

99 

375 



Oil 

LOW  GNPGROWi  H 

{thottSQnds  btflk^'iy) 

Productio' 

in  711 

11^  ^71 

7,405 

32.261 

15.295 

71.235 

Imports 

'JO  101 

!,875 

28,966 

- 1.702 

Consume  jcn 

9,280 

3.296 

13.594 

71.235 

Natural  — • 

{billion'  fthr) 

16.677 

77  JUT 

2.807 

5,307 

17.831 

53.791 

Impot^^ 

1.724 

3.160 

-600 

-1.905 

~  ^54 

Consumption 

18.401 

31.007 

2.207 

3.401 

17. r6 

53.791 

Coal 

{tnillic    short  tonstyr) 

Produ.  ion 

973 

1.597 

392 

5 

2.305 

4,299 

Imnorts 

-74 

97 

-42 

-55 

Contumptiofl 

899 

1,691 

350 

5 

2.250 

4.299 

Nuclear,  hydro,  solar,  geothermal 

(lerawall'hrfyr) 

969 

2.492 

585 

19 

760 

3,856 

Total  energy  consumption 

» 

(quadrilUon  Btu) 

90 

188 

30 

11 

86 

315 

•All OECD  couMriM.  taclutfiD*  the  U  S 
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Oil 

f thousands  bblfda\ ) 

Production 

Imports 

Ccnsumption 
Natural  gas 
ihiUums  (uftSri 

Production 

Import) 

Consumption 

CoaJ 

imtlhons  short  lors/v!  ^ 
Production 
Imports 
Consumption 
Nuclear.  h>dro.  solar,  geothermai 

itervwQtt'hrf\ri 
lo*A  faergy  consumption 
i quadrillion  Btut 


Oil 

(thousands  bblfdavi 
Production 
Imports 
Consumption 
Natural  gas  4 
■  (bill  ton  %  vu  //At; 
Production 
Imports 
Consumption 

Coal 

{millions  ^hort  Ums'sr} 
Production 
Imports 
Consumption 
Nuclear,  hydro,  solar.  geothermaJ 

(ttrawatt-h:f\r) 
Total  energy  consumption 
iquadrillitm  Btuf 


Oil 

(thousands  bbllda\} 

Production 

Imports 

Consumption 
Natural  gas 
(billions  iu  ft,\n 

Production 

Imports 

Consumpnon 

Coal 

(millions  short  tonsfwf 
Production 
Imports 
Consumption 
Nuclear,  hydro,  solar,  gcothermal 

(terawatt-hrfyr) 
Total  energy  consumption 
(quadrilhon  Btu} 


TABLE  lOkS 
Regkmal  Energy  Balances,  1990 


J 


9J10 
14.691 
24.460 


16,122 
2.512 
18.634 


1.260 
-81 
I. '79 

1,402 

in 


United 
States 

Industrial- 
ized 
Countries* 

Less 
Developed 
Countries 

OPEC 
Countries 

Centrally 
rutnncu 
Economies 

rrOriQ 

MEDIUM  GNPCiROWTH 

/  JO 

12.085 
21.841 

lo.^ol 
40.635 
56.915 

8.006 
4.546 
12.554 

48.823 
-44.091 
4,731 

16.995 
1.090 
15.905 

90,105 
90,105 

15.920 
2.424 
18.344 

28.635 
5.105 
33.739 

3.759 
-700 
2.995 

8.759 
-3.719 
5.051 

20.793 
-687 
20.106 

61.880 
61.880 

IJ66 
-81 
1.085 

1.7% 
115 
1.911 

502 
40 
462 

7 
7 

2.986 

-  75 
2.911 

5.291 
5.291 

1,397 

3.513 

924 

64 

1.350 

5.851 

103 

231 

50 

16 

117 

414 

HIGHGNPOr.OWTH 


16.295 
49.794 
66.069 


29.4 1 1 
6.290 
35.701 


1,981 
98 
2.079 

3,518 

256 


8.044 

6.025 
14.069 


4.048 

700 


60.932 
'  55,434 
5.498 


10.580 
-4.762 


16.995 
-385 
16.610 


21.832 
828 


LOW  GNP  GROWTH 


102.266 
102.266 

65.871 


3.348 

5.818 

21.004 

65.871 

558 

8 

2,634 

5.181 

-43 

-55 

515 

8 

2.579 

5.181 

924 

64 

1,350 

5.856 

55 

19 

118 

448 

9.734 
9.929 
19.663 

16.253 
32.%7 
49.219 

7.971 
3.140 
11.111 

-4 

3.355 
-700 
2.655 

38.363 
34.344 
4.019 

16.995 
1.766 
15.229 

79,581 
79,851 

15.598 
2.345 
17.942 

27.648 
4.549 

32,197 

7.903 
-3.484 
4,446 

19.608 
-364 
19,244 

^58.542 
58.541 

*  All  OECD  coMMms  includint  Uw  U  S 


1.075 

1.63 1 

452 

6 

2.503 

4.592 

81 

115 

-40 

"75. 

994 

1,746 

412 

6 

2.428 

■  4.592 

1.373 

3.SI6 

924 

64 

1,350 

5.758 

% 

209 

45 

13 

110 

379 
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OPEC  Prodwctloo 
Copocity 


/       (inctuding  unc«ftointitt) 


High  •coix>m>c  growth, 

no  incrwoM  m  thv  r*al  pnct  of 

oil 


-  Medium  •conomic 
growth,  no  mcr«KiM  m  tK«  rvol 
pnct  of  oil 

Modium  •conomK 
growth,  r«a(  oii  pricti  inc<«as« 
5%  ptr  ytor  (torting 
m  1980 

low  •conomic  growth,  no  m- 
crtos*  m  thv  rmc\  pric* 

of  oti 

/«^-  low«r  bound 

(incKfdtng  unctr tomtits) 


OPEC*  own  dtmond 


J  L 


J  \  I  I  L 


19tO 


Figwt  It-I.  Projected  demand  (mciudtng  OPEC's  own  demand)  for  OPEC  oil.  and  OPEC's  own  demand  for  OPEC  oil 


these  countries  are  able  to  attract  more  buyers 
and  thus  sell  more  oil.  However,  seasonal  shifts 
in  denuind  structure  fevoring  different  crude  qual* 
ities  at  different  times  of  the  year,  refining  inflexi- 
bility, and  the  institutional  arran^ments  with  the 
m^ioi  oil  companies  all  tend  to  make  price  sSiading 
an  ineffective  revenue^maximizing  policy. 

0F1EC  production  capacity  is  projected  to  ex- 
ceed demand  over  the  midrange,  and  this  results 
in  some  spare  capacity.  As  a  result  of  price 
shading,  this  spare  capacity  is  concentrated  in 


countries  with  the  least  desire  for  income — Ku- 
wait«  Irm,  Libya,  the  United  Arab  Emirates,  and 
Saudi  Arabia.  These  swing  countries  act  as  buff- 
ers, absorbing  seasonal  rises  and  falls  in  demands. 

OPEC  pricing  policy  appears  to  encompass 
conflicting  objectives.  The  small,  lower-income 
producers  are  concerned  with  maximizing  real 
income,  consistent  with  development  plans  and 
future  prospects  for  oil  production.  In  contrast, 
the  large,  higher-income  producers  in  the  swing 
group  must  consider  the  effects  of  sudden  price 
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TABLE  10^ 

U»  Developed  OO  Exporting  Countries:  Current  Production,  Reserves,  Population,  Income 


1977 
Production 
i  thousand 

hhUday) 


OPEC  Members 

Algeria  990 

Ecuador  180 

Gabon  225 

Indonesia  1,690 

Inui  5.650 

Iraq  2,(50 

Kuwait  1,700 

Libya  2,050 

Nigeria  2.150 

Qatar  350 

Saudi  Arabia  J  8,950 
United  Arab  Emirates  2.030 

Venezuela  2,280 
Non-OPEC* 

Mexico  990 

Trinidad  230 

Malaysia  190 

Bolivia  35 

Peru  90 

Egypt  450 

Syria  200 

Bahrain  54 

.   Angola  195 

Congo  35 

Zaire  24 

Oman  350 

Brunei  207 

Tunisia  87 


1977 
Production 
Capacity 

(thousand 
hbilday} 


1.100 
225 
250 
1,800 
6.700 
3,1X 
3,340 
2,500 
2.400 
650 
11.840 
2.420 
2.600 

990 
230 
190 
35 
90 
450 
200 
54 
195 
35 
24 
350 
207 
87 


Jan.  1. 

1978 
Reserves 

i  hi  1 1  ion 
hhl^ 


Future 
Years  of 
Production 


1975 
Production 
(millions) 


1975 
GNP 

(billion  $) 


1975  1977 

Per  Capital  Account 

Income  Balances 

($)  (million  I) 


6.6 

16 

15.7 

12.3 

780 

-1,520 

1.6 

20 

7.1 

3.9 

550 

-50 

2.1 

23 

0.5 

1.2 

2,239 

-220 

10.0 

15 

136.0 

24.2 

178 

-580 

62.0 

25 

33.U 

48.9 

1.478 

5.900 

34.5 

31 

11.1 

14.3 

1.282 

1,950 

67.0 

55 

1.0 

11.3 

11.280 

5.750 

25.0 

27 

2.4 

12.4 

5,078 

3,600 

18.7 

21 

75.0 

23.1 

308 

290 

5.6 

24 

0.2 

1.7 

8,400 

900 

150.0 

35 

8.3 

25.0 

3.009 

20.330 

32.4 

37 

0.7 

6.9 

10.521 

5.250 

18.2 

19 

12.0 

26.7 

2.224 

-150 

14.0 

59.9 

71.2 

1.188 

.7 

8 

1.1 

2.1 

1,895 

2.5 

36 

11.7 

8.7 

743 

.4 

27 

5.6 

1.8 

314 

.7 

22 

15.4 

12.5 

814 

2.5 

15 

37.2 

11.6 

310 

f 

2.2 

30 

7.4 

4.9 

657 

.3 

14 

0.3 

0.6 

2.423 

1.2 

16 

6.5 

3.7 

573 

.4 

28 

1.3 

0.7 

497 

.2 

VI 

24.7 

3.7 

151 

5.7 

44 

0.8 

1.6 

2.078 

!.6 

21 

0.2 

27 

84 

5.6 

4.2 

757 

•  For  iKM^PEC  co«intnc9.  1977  production  a  asnumed  to  be  product loii  c*?«.ay 


nnovenoents  on  the  prospects  fur  economic  growth 
in  the  industrialized  countries,  the  m£yor  reposi- 
tory for  their  investments.  As  a  result,  there 
appears  to  be  a  strong  incentive  for  the  swing 
countries  to  mainlain  constant  real  oil  prices. 

Curtailed  oil  supplies  due  to  productit  n  ceilings 
could  have  profound  cflfe  :s  on  future  oil  prices, 
and  importing  countries  must  consider  the  possi- 
bility of  increasing  world  oil  pric  l  oc,  demand 
approaches  available  supply.  Figure  10-1  shows 
potential  OPEC  oil  production,  derived  fvm  en- 
gineering assessments  and  published  pioduction 
policies,  in  relation  to  the  projected  demand 
levels.  The  realization  of  the  est-mates  depends  on 
both  producer  country  motivation  and  engim  ig 
liinitations.  Limitations  on  oil  aup('^  from  OPEC 
countries  could  result  from  ai^y  one  outcome  or 
combination  of  outcomes,  including  resource  con- 
servation by  OPEC  memt^rs  with  laige  surplus 
revenues^  technical  limitations  on  field  develop- 
ment and  infrastructure  expansion,  and  higher 


than  expected  depletion  and  production  declines 
in  the  older  OPEC  countries. 

These  limits  on  output  would  extend  the  pro- 
duction horizon  for  some  OPEC  countries  as 
lesser  quantities  of  oil  arc  produced  over  a  greater 
number  (rf  years.  This  grace  period  would  give 
both  producing  and  consuming  countries  time  to 
prepare  for  the  transition  from  oil  and  gas  to  coal 
and  then  to  renewable  energy  sources. 

Based  on  the  projections  shown  in  Figure  10-1, 
the  following  statements  can  be  made: 

•  There  is  a  very  real  jwssibility  that  the  surplus 
production  capacity  in  OPEC  will  disappear  as 
early  as  1965  and  as  late  as  1990. 

•  There  ij  \  lower  possibility  of  this  occurring 
either  betbre  1965  or  after  1990. 

As  demand  levels  approach  supply  constraints, 
competitive  market  demand  pressures  arc  ex- 
pected to  result  in  real  price  increases.  Price 
changes  may  also  come  from  OPEC  policies, 
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although  the  timing  and  magnitude  of  these 
changes  are  difFicuit  to  predict.  Two  broad  possi- 
kitties  to  equate  world  oil  demand  with  OPEC*s 
capacity  to  produce  are  (1)  OPEC  ointaining  a 
passive  role,  allowing  price  increases  to  occur 
only  when  demand  begins  to  exceed  capacity,  or 
(2)  OPEC  pursuing  an  active  role  by  raising  prices 
smoothly  each  year  until  some  technological  back* 
stop  becomes  competitive.  In  either  case,  such  a 
price  rise  would  cause  considerable  economic 
impacts.  The  demand  for  oil  would  be  reduced, 
partly  because  the  price  had  increased  and  partly 
because  of  the  depression  in  economic  activity 
caused  by  higher  prices.  In  the  long  run,  these 
higher  prices  would  stimulate  a  shift  to  conserva- 
tion strategies  and  alternative  supply  develoi^ 
ment.  Increased  conservation  efforts  would  ulti- 
mately lower  demand. 

The  effect  of  a  sustained  higher  OPEC  price  k 
projected  in  Tables  10-7  and  10-8  for  198S  and 
1990,  showing  the  balances  for  world  energy  ir 
those  years,  assuming  a  real  price  increase  of  *j 
percent  per  annum  for  the  medium  growth  jase. 
Demand  for  OPEC  oil  imports,  shown  in 
Figure  10-1,  relauve  to  the  previous  medium  case, 
has  dropped  in  response  to  the  higher  prices.  U.S. 
oil  demiajKl  in  1965  is  forecast  at  about  21'  mb/d, 
and  world  oil  demand  at  76  mb/d.  The  respective 
figures  for  1990  oil  consumption  are  19  and  84.  All 
these  forecasts  are  within  the  range  of  the  con- 
stant price  numbers  discussed  earlier,  although 
U.S.  oil  consumption  in  1990  falls  to  the  lower 


limit  ct  the  low  GNP  scenario.  Total  primry 
energy  consumption  in  the  U.S.  is  predicted  to  be 
94  quads  m  1985  and  100  quads  in  1990.  Total 
world  energy  consumption  increases  from  335 
quads  in  1985  to  384  quads  in  1990.  The  resulting 
avera^  annual  growth  rate  using  the  higher  price 
assumption  is  3.3  percent  for  total  energy. 

The  possibility  of  further  price  increases  is  still 
a  likely  outcome,  although  the  pressure  on  slack 
capacity  is  potentially  less  in  the  medium  term. 

Long'Range  Energy  Projections 

For  the  price  range  assumed  in  the  midrange 
section,  the  projections  show  that  the  supply 
situation  will  tighten  rapidly  over  the  1980-90 
period,  with  a  strong  possibility  of  real  price 
increases  caused  principally  by  OPEC  resource 
conservation  polk:ies  that  limit  production.  In  the 
long  range,  alFiirther  tightening  in  the  oil  supply 
situation  can  be  expected  due  to  resource  deple- 
tion effects.  This  resource  problem  is  character- 
ized by  two  phenomena: 

1 .  The  worid  appears  to  be  facing  a  long-run  oil 
and  gas  depletion  situation,  because  reserve  addi* 
tions  to  the  production  base  may  not  be  sufficient 
to  support  the  growth  in  demand. 

2.  The  growth  rates  of  energy  consumptk)n  will 
have  to  fall  substantially  from  currently  projected 
levels  to  be  consistent  with  projected  rates  of 
growth  in  resource  production. 


TABLE  10-7 
Regkmal  Energy  Balances  with  High  OPEC  Prices,  19M 

i.^      Industrial-       Less         ^ppp  Centrally 
S^^^**      Countncs-    Countries  Economies 


Oil 

(thousands  bbllday) 
Production 
Imports 
Consumption 
Natural  gas 
(biitions  cu  fttyr) 
Production 
Imports 
#Msumption 
Coal^ 
(millions  short  tonsfyr) 
Production 
Imports 
Consumption 
Nuclear,  hydro,  solar,  geothermal 

iterawatt'hrfyr) 
Total  energy  consumption 

(quadrillion  Btu)  *  

'AH  OECD  comntict.  incMHig  the  U  S 


10,507 
10,157 
20,664 

16,735 
31,694 
48,429 

7.612 
2,634 
10,246 

36,637 
-33.010 
3,627 

15,311 
-1,318 
13,992 

76,295 
76,295 

16,934 
1,833 
18,772 

29,750 
3,345 
33,095 

3,034 
-600 
2,433 

5,651 
-1,%7 
3,684 

18  462 

-778 
17.684 

56,897 
56.897 

1.055 
-74 

1,764 
97 
1,861 

426 
-42 
384 

5 
5 

2,616 
-55 
2,561 

4,811 
4.811 

1,045 

2,584 

585 

19 

760 

3,948 

94 

200 

33 

12 

90 

335 
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Rcgtonal 


Oil 

(thousands  bbllday) 


ILElOuS 

Balances  With       OPEC  Prices,  1990 


OPEC 
Countries 


Indil^trial-  Le$s 

Developed 
Countries*  Countries 


Centrally 
Planned 
Economies 


Wortd 


Production  ^ 
Imports 
Consumption 
Natural  gas 

11,347 
19,316 

18,238 

'7'7  £J\l 

51,839 

8,404 
4,118 

12,521 

41,133 
-36,603 
4,529 

17,029 
-1,115 
15,914 

84,303 

ibiUioTis  cu  ftfyr) 

Production 
Imports 
Consumption 
Coal 

16,614 
2,361 
18.973 

29,806 
6.222 
36,031 

3,695 

--foo 

2,995 

9,974 
-4.741 

5,232 

20,887 
-781 
20,106 

64,363 
64,363 

imiNions  short  tonsfyr^ 

Production 
Imports 

1,244 
-81 

1,928  . 
115 

502 
-40  ^ 
462 

7 

2,966 

-75 
2,911 

5,424 

Consumption 
Nuclear,  hydro,  solar,  geothermal 

1,163 

2,043 

7 

5,424 

(terawatt'hrfyr^ 
Total  energy  consumption 

1,555 

3,670 

924 

64 

1,350 

6,006 

(quadrifHon  Btu^ 

100 

225 

41 

15 

103 

364 

-AN  OECD  coMlnes.  tficliidii«  tlir  U  S. 

Together  these  conditions  increase  the  likeli- 
hood of  long-run  competitive  pressure  among 
consumers  for  oil  in  the  worW  energy  market. 
This  pressure  can  be  partially  offset  by  contribu- 
tions from  both  new  technok)gies  and  conserva- 
tion nKasures.  Increased  supplies  of  energy  can 
be  expected  from  new  energy  sources — solar, 
wiiM,  geothermal,  nuclear--as  well  as  from  more 
advaiiced  devek>pment  of  existing  sources,  incluu- 
tng  oil  shale,  coal  gasification,  and  enhanced  oil 
recovery.  Utilization  of  these  sources  requires 
demonstration  of  the  necessary  technok)gies  on  a 
commercial  scale,  whkh  involves  resolution  of 
uncertainties  regarding  both  the  basic  cost  and 
availability  of  the  new  processes.  However,  at 
least  to  the  year  2000,  the  contribution  of  technol- 
ogy  will  not  cover  the  excess  of  U.S.  energy 
demand  over  supply.  Conservation  policies  might 
also  be  expected  to  play  a  role  in  easing  the 
demand  for  worU  energy  supplies.  Consumers 
may  kiwer  projected  demand  levels  by  conserving 
energy,  while  producers  may  choose  to  conserve 
resources  by  establishing  production  limits. 

This  section  surveys  mnjor  recent  long-run 
eneiiy  prc>jectk>ns  for  the  ye^r  2000.  The  pit)jec- 
tioRS  have  been  selected  on  the  basis  of  being 
puHfcly  availabte,  cither  in  published  or  in  report 
Totm,  and  represent  ^  range  rtf  viewpoints.  The 
projections  arc  not  fully  consistent  or  directly 
comparable,  since  they  were  performed  ai  differ- 
ent times  and  with  different  assumptkms  regarding 
such  bask  foctors  as  economk  growth  rates  and 
fbture  oil  prices.  Despite  these  difficulties,  the 


projections  present  a  ran^  of  possible  energ> 
futures.  The  first  part  <rf  what  follows  focuses  on 
two  recent  global  projections,  and  the  second 
part  examines  three  projections  for  the  U.S. 
alpne, 

Long-Range  GMMri  Projectkms 

Possible.janges  of  worid  energy  demand  for  the 
year  2000  were  forecast  in  1977  by  the  Workshop 
on  Alternative  Enciigy  Strategies  (WAES)*  and 
the  Worid  Energy  Conference  (WEQ.t 

TTie  WAES  multicountry  study  was  prepared 
by  independei^  national  experts  in  each  country 
and  integral  to  form  a  single  series  of  consistent 
international  forecasts.  Some  of  the  forecasts 
embodied  det^led  reimsentation  of  end-use  con- 
sumptKMi  and  <fonseryatk)n  possibilities  in  a  mul- 
tisw:tQr  input-output  representation  of  the  econ- 
omies of  the  miflor  countries.  Others  were  based 
upon  muth  simpler  methodoto^s.  The  WAES 
study  fcKused  on  the  key  issues  of  resource 
depletion  in  the  U.S^  by  emphasizing  either  a 
nuclear  or  coal  technology  approach  to  oil  replace- 
ment. 

The  reports  td  the  Worid  Energy  Conference  at 
Istanbul  included  a  series  of  invited  papers  on 


^Workshop  on  Alternative  Enengy  Strategies,  Energy  Sup- 
ply-Demand Integrations  to  the  Year  2000,  Cambridge. 
Mass.:  MrT  l>ress,  19n, 

tWorld  Energy  ConfertAce,  Conservation  Commission,  Re- 
port on  World  Energy  Demand,  1983-2020,  London:  WorW 
Energy  Conference,  1977. 
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TABLf.  10J» 
Long-Run  World  Energy  Assumptions 

'WORKSHOP ON  ALTERNATIVE  ENERGY 
STRATEGIES 
1^5-85  1985-2000 


Case:" 


CI     C2     D7  D8 


GDP  growth 
Oil  price 

Reserve  additions 

ibiliion  bbi/yr) 
OPEC  \miHmb/d) 


high  low 
m  3.5% 
$11  50$n  50 


20  10 


none  none 


high 

5% 
$17  25 
by  2000 

20 

45 


low 
3% 

$11.50 
10 


40 


WORLD  ENERGY  CONFERENCE 
  1975-2000 

Case: 


H-1    H-4    H-5  L-1 


L-4 


GDP  growth ' 

Price  response 
Constraints 


none 
none 


high 
4.2% 

high  high  none 
oil    energy  none 


low 

3  0% 


high 
oil 


*  WAES  Qta€%C\  and  D7  cmphuue  cod  as  the  repUcctnent  fuel,  cases  C2  and 
Dt  emphacize  ntickar  enerfy 

'WAES  pnccs  per  bttrrci  are  m  19^5  dollars.  FOB  the  Persian  Ouif 

world  energy  resource$--coal,  oil,  and  gas — and 
energy  denismd  for  the  Conservation  Commission. 
Since  these  papers  were  prepared  by  difiTerent 
groups,  the  demand  study  is  not  wholly  consistent 
with  the  supply  studies.  (The  authors  of  the  WEC 
demand  analyses  were  also  associated  with  the 
WAES  group  th^t  coordinated  the  individual 
country  balances.) 

The  WEC  demand  cases  assume  a  slightly  more 
pessimistic  future  than  the  WAES  projections, 
with  1975-85  world  economic  growth  at  3.0  per- 
cent, vs.  3.5-6  percent  for  WAES.  In  the  1985-^ 
2000  period,  WEC  and  WAES  economic  growth' 


rates  are  roughly  comparable  (4.2  and  3-5  percent, 
respectively).  Other  assumptions  are  summarized 
in  Table  10-9,  and  the  unconstrained  world  energy 
consumption  figures  are  shown  in  Table  lO-tO. 

The  objective  of  the  different  forecasts  is  to 
define  a  range  of  credible  futures  against  which 
alternative  policy  options  can  be  tested.  The 
ranges  ftf  possible  world  eneiigy  denuuid  by  non- 
centrally  planned  economies  are  338-438  quads 
(WAES)  and  317-507  quads  (WEC),  These  differ- 
ent levels  result  from  varying  assumptions  about 
economic  growth,  energy  prices,  and  policy  re- 
sponses. The  WAES  scenarios  ranged ^from  a 
'low  economic  growth/constrained  energy  price/ 
increasing  coal  case**  to  a  ''high  economic  growth/ 
rising  eneiigy  price/increasing  nuclear  case."'  Like- 
wise, the  World  Enei^gy  Conference  study  listed  a 
range  of  forecasts  based  on  scenarios  of  high  (4.2 
percent)  and  low  (3.0  percent)  projected  economic 
growth.  These  cases  studied  variations  in  the  price 
response  of  demand  and  constraints  on  energy 
development. 

The  WAES  analysis  predicted  gaps  in  all  cases 
between  available  Free  Worid  oil  supplies  and 
desired  oil  demand  (Table  10-11).  In  the  year 
2000,  the  shortages  are  projected  to  range'  from 
15-20  mb/d.  These  "gaps"  are  the  consequence 
of  political  limits  on  oil  production  that  could 
emerge  as  early  as  the  1960s  or  of  limits  to  the 
ultimately  recoverable  oil  resources,  which  seem 
likely  no  later  than  the  turn  of  the  century.  WAES 
noted  that  in  reality  these  gaps  will  never  occur. 
Rather  than  forcing  a  world  energy  balance,  the 
WAES  study  indkated  that  the  gaps  were  meas- 
ures of  the  additional  effort  required  to  achieve  a 
balance.  Prices  will  rise,  economic  growth  will 
¥low,  stronger  government  policies  will  be 
adopted,  or  other  actions  will  be  taken  to  balance 


TABLE  10-10 
WorU  Energy  Demand,  Year  2000 

(Quadrillion  Btu)  ^ 


WAES  Cases 


WEC 
Case 


C-1 


C-^2 


D-7 


H-5 


CentrtUy 
Planned 

Economies 


GNP  Growth 

5.0% 

5.0% 

3.0% 

3.0% 

4.2% 

Renewable  resources  * 

33 

31 

24 

23 

55 

27 

Nuclear  X 

60 

96 

54 

82 

59 

26 

Oil                /  ' 

196 

194 

156 

155 

164 

29 

Natural  gas 

59  * 

55 

50 

46 

22 

37 

Cod 

72 

62 

54 

45 

64 

71 

Total 

419 

43B 

338 

350 

364 

190 

Total  (with  centrally  planned  economies) 

609 

628 

528 

540 

554 

*lndudn  liydfo.  iMDMriMrf.  loter,  uiA  biomasi  retourMi 
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TABLE  10^1 
WAES  Ofl  Balance  for  You-  2000 

iMUUons  of  barrels  per  day} 


THE  PROJECTIONS 


WAES  Cues 

\ 

C"l 

C-2 

LK-5 

Deiired  Imporu: 

North  Americui 

iO.4 

iO.7 

15.8 

15.8 

\  Weslcni  Europe 

16.5 

16.4 

13.2 

12.5 

15.2 

14.4 

8.2 

7.9 

^  Rest  of  Free  World 

outside  of  OPEC 

11.2 

9.5 

9.6 

9.0 

Intemational 

Bunkers 

.  5.4 

5.4 

4.5 

4.5 

Total 

58.7 

5^4 

51.3 

49.7 

OREC  Potential  Ex- 

pofts 

38.7 

37.2 

35.2 

34.5 

Prospective 

shortage  (s  p) 

20.0 

19.2 

16.1 

15.2 

supply  and  demand.  The  size  crf^  the  gaps  merely 
*  mdk:ates  the  magnitude  of  th^  adjustment  that  will 
be  needed  in  addition  to  that  assumed  in  the  case 
specification. 

Figure  10-2  compares  the  higher  priced  gtowth 
cases  for  1985  and  1990  with  the  year  2000 
forecasts  from  WAES  and  WEC  (the  WAES 


numbers  have  been  adjusted  on  the  basis  of  WEC 
data  to  inclu(k  the  cenUaily  planned  economies). 

Long-Raagc  U.S.  tVoJections 

Projections  of  future  energy  supply  and  demand 
for  the  United  States  must  be  examined  in  the 
conitfxt  of  world  requirements.  Increasing  depend- 
ence on  imported  oil  in  the  near  term  necessitates 
an  intemational  framework.  The  world  price  of  oil 
also  has  a  strong  influence  on  the  economic 
competitiveness  of  alternative  energy  technolo- 
gies. 

Three  long-range  U.S.  forecasts  published  dur- 
ing the  past  year  use  fundamentally  different  . 
methodologicaJ  ^q>roaches.  these  are: 

1.  The  Workshop  on  Alternative  Eneigy  Strat-  ^ 
egies  suidy,  already  described. 

2.  A  study  by  the  Stanford  Research  Institute 
(SRI),*  whkh  utilizes  a  50-year  representation  of 
supply,  conversKHi,  and  end-use  consuni(Ait|n  in  a 
competitive  energy  market.  An  unusu^ uid  debat- 
able feature  of  the  forecast  procediSe  is  that  it 

•Electric  Power  Research  Institute.  Fuei  and  Energy  Fnce 
Forecasts.  Report  EPRI  EA-433.  2  vols..  Menio  Park. 
Calif.,  1977. 
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embodies  fore^u^t—lha!  is,  future  shortages  influ- 
ence present  decisions  in  planning  representation 
of  the  eneisy  market.  Deciston^nakers  are  as- 
sumed  to  conskler  the  fiiture  prices  calculated  in 
the  model  in  deciding  whether  to  produce  now  or 
later*  and  whether  to  expand  capacity. 

3.  A  study  by  Brooklmven  National  Laboratory 
and  Dale  Jorgenson  Associates  (BNL/DJA),* 
which  uses  multiperiod  linear  programming  to 
represent  the  technology  of  supply,  conversion, 
and  end-use  consumption  in  conjunctkm  with  a 
long-term*  interindustry  transaction  model  of  the 
economy.  The  solutions  emphasize  conservation 
and  coal  resource  devek>pment  along  with  signtfi- 
cant  devek>pmer.{  of  nuclear  and  renewable  re- 
sources.' 

The  assumptions  of  the  various  cases  for  the 
U.S.  are  shown  in  Table  10-12  and  the  outcomes 
in  Table  10-13.  The  broad  range  of  futures  shown 
in  Table  10^13  is  in  part  due  to  the  differences  in 
input  assumptions.  Total  domestic  energy  con- 
sumption is  predicted  to  range  between  109  and 
143  quads  in  the  year  2000,  a  narrow  band  of 
consumption  estimates  compared  with  earlier 
studies.  The  most  critical  supply  estimate  is  future 
oil  availability  from  domestic  sources.  WAES 
domestic  oil  estimates  are  lowest  at  13-15  quads, 
SRI  the  highest  at  18-24  quads.  The  higher 
estimates  result  from  relatively  optimistic  assess- 
ments of  resource  availability,  the  rate  of  discov- 
ery, and  the  resolution  of  uncertainties  and  bar- 
riers to  resource  development.  Oil  imports  vary 
widely  (15-32  quads)  depending  on  work!  price 
and  the  U.S.  supply  base.  Coal  consumptton  is 
predkted  to  grow  substantially  in  all  scenarios. 
Estimates  of  nuclear  power  range  from  22  to  35 
quads  in  2000.  These  estimates  imply  380-610 
gigawatts  of  generation  capacity — a  staggering 
increase  from  the  163  gigawatts  estimated  for  1990 
for  the  U.S.  in  the  1978  annual  report  of  the 
Department  of  Energy's  Energy  Information 
Administratkm.  Renewable  resources  including 
telar  and  bkxnass  will  play  a  minor  but  increas- 
ir^gly  important  rote,  contributing  1.7-3.9  quads 
by  2000.  Three  additk>nal  forecasts  made  by  BNL/ 
DRI  examining  the  implications  of  alternative 
energy  sources  and  technok)gie$  will  be  discussed 
lallr  in  this  chqi^r. 

Bask:  concluskms  that  can  be  drawn  from  the 
recent  U.S.  prcgectk>ns  are: 

•  U.S.  oil  and  gas  productk>n  from  conventk)nal 
resources  will  be  unlikely  to  cover  the  growth 
in  U.S.  oil  and  gas  consumptkm. 


TABLE 

UJS.  Long-Run  Energy  AaBumpttons 


Period 


Economic      '  .  ojy 
Growth  Empha- 
(percenl)  P^'J^"  sized 


WAES  case 

C 

CI 

C2 

I5r75.|985 
1965-2000 
I965-20Q0 

4.4 

3.5 
3.5 

$13.00 
18.75 
18.75 

Coal 
Nuclear 

D 

D7 

D8 

1975-1985 
1965-2000 
l96>-2000 

3.2 
2.5 
2.5 

13.00 
13.00 
13.00 

Coal 
Nuclear 

SRI 

Base 

1975-1965 
1965-2000 

4.6- 
2.9 

14.09 
17.86 

Coal 

Low 

IV75-I965 
1985-2000 

2.8 

1.7 

12.82 
15.34 

Coal 

BNL/DJA 
Base 

1975-1985 
1985-2000 

3.6 
3.0 

13.00 
15.09 

Coal 
and 
conserva- 
tion 

*  David  i.  Behlifig  And  Edward  Huds#ii,  Policies  for  Energy 
Conservation:  Potentials,  Mechanisms,  and  Impacts^ 
Brookhaven  National  Laboratory,  1978. 


•  AU  pncet  an  in  I97S  4oUan  cif  The  WAES  prices  were  FOB  the  Ptnun 
Guir.Sl  30  IMS  been  Added  for  freigliichirin. 

•  However,  the  rate  of  growth  of  U.S.  consump- 
tion can  be  cut  dramattcally  in  the  long  run  by 
aggressivi^  conservation  policies. 

•  At  least  to  the  year  2000,  the  contiibutton  of 
technology — supply  enhancement,  synthetics 
production,  nuclear  generation,  and  renewable 
resources— will  not  make  up  the  excess  of  U.S. 
energy  demand  over  supply,  and  U.S.  depend- 
ence on  world  oil  resources^wiU  continue  at 
least  at  the  current  range  of  7-10  mh/d. 

Figure  10-3  compares  the  U.S.  projections  for 
1985  and  1990  with  the  range  of  year  2000 
estimates  to  provide  a  perspective  for  the  rising 
price  cases.  The  comp^son  shows  the  divergence 
of  the  present  base  case  forecasts,  embodying 
regulatory  trends,  from  the  range  dT  free-policy 
forecasts  advocated  for  the  year  2000,  none  of 
which  is  completely  consistent  with  the  high, 
medium,  and  low  growth  case  specifications. 

Future  Oil  PMential 

The  long-range  eneigy^  forecasts  show  declining 
world  oil  production,  conconunitant  with  increas- 
ing demand.  Future  production*  of  course,  is 
influenced  by  kifown  reserves^  the  new  discover- 
ies, improved  production  techniques,  level  of 
demand,  and  OPEC  production  policies.  In  the 
midrange  years,  govemmentally  imposed  produc- 
tion ceilings  couM  alter  the  jiWly  position,  but 
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TABLE  l(kl3 
Most  Reran  VS.  PrqfectfoM  for  the  Yew  2000 

fQuadriliion  Btu") 


BNL/DJA 


SRI 


WAES  Caset 


Base 


Hydroelectric  3.6 

GcoChennaJ  2.2 

Solai/bioniMt  3.9 

Nuclear  215 

Donettk  oil  I8.S 

Inpteted  oU  26.9 

SM^oU  3.0 

Doaieilk  gas  17.7 

^  Imported  tas  1.3 

'  CM  (domestic  consumption)  32.6 

Otiwr  ^  _ 

Total  domestic  consumption  1 38.5 

Coal  Exports    *   _ 

"On*  <iMi<riKwi  itu  -  0  0(  mNion  bmlt  of  oil  per  day  (m^d) 

the  mos*  important  long-range  constraint  on  po- 
tential production  is  the  estimated  level  of  re- 
coverable resources.  WAES  concluded  that  even 
without  government  constraints  oil  supply  in  2000 
will  meet  demand  only  under  the  most  optimistic 
assumptions  concerning  gross  additions  to  re- 
serves. 


Base 

Low 

CI 

C2 

D7 

D8 

3.8 

3.5 

4.6 

4.6 

3.7 

3.7 

(in  hydro) 

3.0 

3.0 

1,2 

1.2 

2.3 

1  : 

3,9 

3.9. 

1.7 

1.7 

31.6 

23.0 

26.0 

35.2 

26,0 

33.1 

23.5 

17.9 

14.9 

14.9 

12.7 

12.7 

14.9 

14.9 

19.9 

20.5 

32.2 

32,3 

0.6 

0.2 

4.2 

4.2 

20.1 

15.7 

14.0 

14.0 

!l.5 

11.5 

2.6 

3.1 

3.0 

3.6 

5.0 

5.0 

43.8 

29.0 

29.8 

27.1 

21.! 

19.1 

1.0 

1.0 

143.2 

109.4 

124.3 

132.0 

n5,i 

120.3 

18.1 

7,1 

14.6 

8.6 

In  \9fn  the  WEC  Conservation  Commission 
prepared  a  Report  on  Oil  Resources,  1998-2020, 
^cor.tairtng  estimates  of  potential  oil  production,  in 
parallel  with  the  demarid  sttJdy  discussed  above. 
For  the  oil  study,  a  poll  of  experts  was  conducted. 
The  findings,  broadly  comparable  to  those  of 
WAES,  placed  ultimately  recoverable  worldwide 
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conventional  petroleum  resources  at  approxi* 
mately  2,100  biLon  barrels  (including  cumulative 
production  througli  1975  of  320  billion  barrels). 
With  increased  prices  and  government  policies 
directed  at  supporting  higher  production  levels, 
estimated  recovery  rates  could  be  increased  and 
offshore  development  continued. 

Recovery  rate,  the  ratio  of  recoverable  oil  to  oil 
in-piace*  is  an  exUrmely  impoitant  parameter  and 
suspectiNe  to  technological  enhancement.  If  ulti- 
mately recoverable  world  oil  resources  at  a  40 
percent  recovery  rate  are  2,000  billicm  barrels,  a  1 
percent  improvement  in  recovery  rate  adds  50 
billion  barrels  of  ultimately  recoverable  oil.  To 
show  a  relative  comparison,  current  proven  re- 
serves for  the  U.S.c#re  estimated  at  31  billion 
barrels.  According  to  the  experts  polled,  the 
current  world  recovery  rate,  estimated  at  25-30 
percent,  is  expected  to  increase  to  40  percent  by 
the  year  2000  (in  the  industrial  countries  to  45 
percent),  compared  to  the  present  U.S.  rate  of  32 
percent.  An  increase  of  that  size  wouM  compare 
with  a  U.S.  rate  that  has  risen  only  0.3  percoit 
per  year  over  the  last  two  decides. 

Based  on  alternative  combinations  of  ultimately 
recoverable  resources  and  reser^production  ra- 
tios, the  WEC  examined  various  levels  of  maxi- 
mum technical  production  capacity.  The  conclu- 
sion of  the  group  was  that  the  most  likely 
production  pr^ite  would  lead  to  a  ceiling  of  82- 
104  mSlion  barrels  per  day,  peaking  around  1990. 

Figures  10-4  and  10-5  illustrate  the  WEC  anal- 
ysis of  the  depletkm  of  the  worki*s  oil  resources. 
In  Figure  KM,  the  upper  curve  shows  how 
cumulative  discoveries  (reserve  additions)  wouM 
grow  if  the  experts*  estimated  limit  of  worki 
resources  were  approached  akmg  a  growth  curve 
similar  to  the  (ttttem  shown  so  far  by  the  United 
States.  The  WAES  study  devek>ped  two  scenarios 
usifig  different  rates  of  gross  adchtkms  to  reserves: 
(1)  The  20  biHkm  barrels  per  year  case  assumes 
successful  but  declining  discoveries  and  an  in- 
creased contributkm  from  enhanced  recovery;  (2) 
the  10  billkm  barrel  per  year  case  assumes  rapidly 
decreasing  discoveries  and  little  enhanced  recov- 
ery. 

The  model  conskkrs  high  and  k>w  economk 
growth  rates,  as  well  as  varying  oil  price  levels.  A 
disaggregation  of  OPEC  and  non-OPEC  produc- 
tkm  take:  into  acdount  the  possibility  of  produc- 
tkm  restrictkms.  Althoivh  these  cases  result  in 
different  levels  of  peak  productk>n  and  oil  produc- 
tkm  kvels  in  2000,  the  underlying  concluskm  is 
that  potential  oil  demand  in  the  year  2000  is 
unlikely  to  be  satisfied  by  crude  oil  productk)n 
from  conventKMial  sources.  New  oil  discoveries  or 
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Flgwt  IM.  Cumulstivc  world  ditoovery  tnd  production  of  oil. 

higher  recovery  factors  might  postpone  these 
peaks  a  few  years  but  mouU  not  reverse  the 
inevitable  decline  of  oil  reserves.  For  comparison, 
the  "WAES  high"  and  ''WAES  low"  curves 
show  the  two  WAES  assumptions  of  constant 
reserve  additkms  of  20  and  10  billkm  barrels  per 
year. 

The  k>wer  curve  in  Figure  !&-4  was  derived 
from  the  upper  curve  by  W£C,  and  shows  the 
cumulative  productk>n  curve  based  on  dep!etk>n 
of  worM  reserves  to  an  average  R/P  (reserve/ 
productkm)  ratio  of  20.  The  productkm  is  actually 
cakulated  by  regkxi,  with  different  R/P  ratk>  limits 
to  reflect  current  natk)nal  resource  conservatkm 
strategies.  Figure  10-5  displays  the  same  produc- 
tk>n  curve  in  terms  of  annual  productkm  rates  and 
compares  it  to  a  series  of  world  denuuid  growth 
rates  of  2,  3,  and  5  percent.  Under  progressively 
k>wer  oil  demand  growth  curves,  the  WEC  study 
implies  ultimate  failure  of  worid  oil  productkm  to 
meet  worid  oil  demand  in  the  1965-2010  time 


Flpvt  It-S.  Worid  maximum  oil  production  it  a  medtum 
depletion  rate  and  world  demand  at  three  growth  rates  of 
oil  production. 
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frame.  The  WAES  analysis  also  indicates  this 
shortfall. 

The  Role  or  Future  TechnoloKies 

In  view  of  a  possiMeon^range  production  crisis 
followed  by  depletion  orTfie  resource  base,  tech- 
nological developments  wHI  be  increasingly  nec- 
essary to  maintain  sufficient  energy  supplies.  Al- 
ternatives Jnclude  both  new  technologies  and 
existing  technologies  that  become  economic  a|$ 
energy  prices  rise.  Improvements  could  occur  not 
only  in  actual  exploration  and  production  tech- 
niques but  also  in  electric  utility  operations,  direct 
fuel  consumption,  eneiigy  conversion,  and  effi- 
ciency levels.  Determining  the  impact  of  various 
methods  is  complicated  because  each  may  pene- 
trate the  market  at  a  different  time,  with  varying 
implementation  and  success  rates. 

Current  predictions  of  technological  implemen- 
tation are  based  on  research  and  development 
status  and  schedules,  projected  product  costs, 
anticipated  infrastructural  requirements,  and  fu- 
ture governmental  regulatory  actions. 

Among  the  technologies  expected  to  be  compet- 
itive before  2000  arc  heat  pumps,  enhanced  recov- 
ery of  oil  and  oil  shale,  gcothcrmal  energy  for 
-electricity  production  in  certain  regions,  solar 
heating,  and  light-water  fast-breeder  reactors. 
Some  manpnally  competitive  sources  include  solar 
cooling,  synthetic  fuels  from  coal,  advanced 
geothermal  techniques,  and  electric  automobiles. 
Technologies  not  now  economic  could  become 
more  attractive  if  prices  of  conventional  energy 
sources  increased,  although  a  20-30  percent  in- 
crease in  prices  would  reduce  energy  demands  by 
10  percent,  so  the  demands  for  energy  from  new 
technologies  still  may  not  exist. 

The  implications  of  alternative  energy  technol- 
ogies on  the  total  energy  system  were  explored  in 
the  Brookhaven  National  Laboratory  study  for 
the  following  three  scenarios: 

•  Large-scale  electrification  of  demand  based 
upon  coal  and  nuclear  fuels. 

•  Large-scale  enhancement  of  fossil  supplies  of 
conventional  oil  and  gas  as  well  as  synthetics 
from  coal. 

•  Large-scale  use  of  renewable  resource^solar 
„  energy  and  biomass  and  process  heat  from 

c(^neration.  . 

,Thcsc  scenarios  show  three  plausible  mixes  of 
energy  technok)gies  for  a  given  economk:  forecast 
and  level  of  consumption  implementation.  Each 
forecast  delivers  the  same  end-use  demands  for 
9ervk:es  at  the  same  cost.  The  means  di  delivery 


of  those  services  are  allowed  to  change  across 
scenarios.  Incremental  impiementatkm  levels>|for 
the  three  cases  are  shown  in  Table  10-14.  Td^ 
10-15  summarizes  resource  use  in  2000  by  lijel 
and  consuming  sector.  Figure  I&-6  illustrates  the 
differences  in  fuel  use  under  each  of  the  scenarios 
c;^for  1985  and  2000. 

In  the  large-scale  electrifk:ation  scenario,  elec- 
tricity is  substituted  for  direct  use  of  fossil  fuels. 
Coal  and  nuclear  fuel  have  the  potential  to  con- 
tribute substantially  to  electricity  generat^n,  al- 
though there  are  development  impacts  tfiat  must 
be  consklered  in  both  cases.  One  nuyor  area  of 
increased  electricity  demand  is  in  the  use  of  heat 
pumps.  Fifty  percent  of  new  buiklings  cpnstnicted. 
between  1985  and  2000  arc  {>rojected  to  have 
electric  heat  pumps,  the  remaining  new  buiklings 
split  evenly  between  electric  resistance  heat  and 
fossil  fuels.  Electric  heat  pumps  also  are  assumed 
to  have  penetrated  the  industrial  market  as  a 
source  of  low-temperature  process  heett,  provk!ii)g 
0.9  quad  by  the  year  2000.  This  increased  indus- 
trial use  of  electricity  results  from  a  combinatk)n 
of  declining  oil  and  gas  supplies  for  boiler  fuel  and 

TABLE  10-14 

Incremental  ImpkmentaCkm  Above  pase^Case 
Levels  for  Three  AHemative  Energy  Tcchiiokigle9« 
Year  2000 

Thousand  Quadrillion 


megawatts 

Btu 

Urve-Scak  Electrification' 

Litht'Water  reactor 

48.7 

1.02 

Enhanced  coal  recovery 

Solar  electric 

9.6 

.20 

Magnetohydrodynamic 

1.0 

.02 

Heat  pumps 

J6.7 

J5 

Advanced  coal  combustion 

7.2 

.13 

Advanced  turbines 

\A 

.03 

Geothermal  for  electricity 

16.2 

.34 

Fossil-Based  Systems. 

Enhanced  oil  recovery  ' 

4.00 

Unconventional  gas 

3.00 

Coal  recovery 

.53 

Shale  oil 

2.00  . 

Advanced  coal  combustion 

1  4 

,  .03 

Coal  gasification 

2.00 

Coal  liquefication 

'2.00 

Decentralized  Systems: 

Low*head  hydropower 

15.3 

.32 

Geothermal 

.53 

Biomass  gai  and  liquids 

.20 

Fuels  and  wastes 

1.90 

Advanced  coal  combustion 

Solar  energy 

3.00 

Cogene  ration 

— 

1.67 

Note  Y««r  2000  oU  impont  for  the  \hitt  cmm  im  •quivaknt  Btu)  art  Urgt* 
Scale  *')ectpflcat»n.  I5  52  qu«i».  Fmtil-BMcd  Syttcmt  11  |9  quM*.  Deceit- 
trelacd  Systems.  15  16  quads  > 
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TABLE  10-15 

Rctourcc      for  Thm  AKcrMtlv^ 

iQttadriltion  Btu)  , 

A 

-  AUemalivc  Technologies 


Large-  Fossil- 
^.           .  Based  Decentralized 

Elcctnncalion  Systems  Systems 


TouJ  primaiy  inputs 

138.5  . 

141.3 

135.7 

129.7 

da 

Domestic 

18.8 

18.8 

22.8 

18.8 

Imported 

26.9 

26.6 

22.0 

28.5 

Shale 

3.0 

3.0 

5.0 

3.0 

CoiU 

32.6 

32.1 

33.3 

26.3 

Gm 

Dofflcitic^ 

17.7 

17.9 

21.1 

17.9 

Imported 

1.3 

.1 

2.7 

3.7 

Nuclear*' 

28.5 

31.6 

20.0 

17.8 

Electricity,  central  (hydro/geo/solar) 

7.7 

9.2 

6.8 

10.2 

Electricity,  noncentral  (other  solar/gvo) 

2.0 

2.0 

2.0 

3.4 

*  lucliiin  wood 

'  amiii  pint  ii|llt<wiltr  reactor 


economics  of  scale  in  pollution  control  technol-  eluding  shale.  Coal  gasificatioTi  and  liquefaction 
ogy-  also  contribute  to  the  total  energy  supply  by  2000. 

Energy  demands  in  the  fossil-based  systems  Enhanced  crude  oil  recovery  is  predicted  to 
scenarict  arc  satisfied  by  heavy  reliance  on  gas  supply  an  additional  1.9  mtHion  barrels  per  day, 
and  oil  in  the  residential-coniimercial  sector  and  and  unconventional  recovery  of  natural  gas  con- 
increased  use  of  coal  by  industry.  The  sources  of  tributes  an  increase  of  1.4  million  barrels  per  day 
ncreased  gas  and  oil  supplies  are  higher  recovery  (oil  equivalent).  Coal  use  by  industry  is  assumed 
lates  from  existing  developments  and  production  to  increase  from  4.1  quads  in  1976  to  10.7  quads 
of  ii  and  gas  from  unconventional  sources,  in-     in  I96S,  reflecting  increased  direct  use  of  coal  as 

well  as  cogenerati6n.  Use  of  liquefied  coal  as  a 
fuel  allows  plants  to  use  existing  equipment  and 
reduces  air  pollution  levels  compared  with  direct 
coal  use. 

The  decentralized  systems  case  involves  in- 
creased use  of  renewable  resources,  including 
biomass  and  solar  energy,  and  decentralized  or 
small-sc^  tcchnolc^es.  Electricity  from  central 
station '^Dwerplants. to  satisfy  final  demands  is 
replaced  by  electricity  from  d^entralized  gener- 
ating facilities  using  power  included  as  low-head 
hydropower  and  cogeneration.  One-quarter  of  the 
residential  housing  units  are  projected  to  use  solai 
siMu:e  heating  to  meet  two-thirds  of  their  heating 
requirements  in  2000.  As  with  other  new  energy 
sources,  higher  prices  of  traditional  fuels  and 
technological  advances  both  would  encourage  the 
use  (rf*  solar  systems.  Congeneration  in  coal-fired 
plants  is  projected  to  supply  2.3  quads  of  process 
heat  and  176  billion  kilowatt-hours  of  electricity  to 
industry  by  2000. 

These  three  extreme  cases  have  an  overall  high 
degree  of  similarity  and  indicate  that  great  changes 
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in  the  Structure  of  U.S.  energy  supply  by  the  year 
2000  do  not  appear  to  be  feasible.  Despite  the 
enormous  rate  of  growth  of  renewable  resource 
use  shown  for  the  decentralized  case,  the  U.S.  is 
seen  to  remain  fundamentally  dependent  on  fossil 
fuels  and  nuclear  power  in  the  year  2000. 

On  the  other  hand,  the  differences  in  fuel  mix 
show  that  we  do  have  options,  the  choice  of 
which  will  have  an  increasingly  significant  impact 
beyond  the  turn  of  the  century. 

Energy  Impacts 

The  environmental  implications  of  the  energy 
projections  were  assessed  quantitatively  by  the 
Biomedical  and  Environmental  Assessment  Divi- 
sion of  Brookhaven  National  Laboratory  with  an 
emissions-accounting  program  called  ESNS  (for 
Energy  System  Network  Simulator).  The  Brook- 
haven  group  was  provided  with  energy  projections 
for  1985  and  1990  from  the  International  Energy 
Evaluation  System  (lEES)  and,  as  a  tlrst  approxi- 
mation, used  the  ESNS  program  to  assess  the 
environmental  implications  of  the  projections.  The 
information  provided  to  Brookhaven  was  insuffi- 
cient in  content  to  produce  a  global  assessment 
for  the  year  2000  for  several  reasons: 

(1)  lEES  projections  were  for  1985  and  1990 
only.  They  did  not  include  base-year  estimafes  or 
estimates  for  years  beyond  1990. 

(2)  I  EES  projections  incfuded  no  informatioaas 
to  whether  the  coal  used  was  to  be  strip-mined  or 
deep-mined,  ^us.  the  Brookhaven  team  could 
not  estimate  land  disruption  and  solid  waste 
generation  caused  by  mining. 

(3)  Global  projections  of  future  emissions  stand- 
ards by  region  (i.e.,  emissions  generated  per  Btu 
of  fuel,  by  region)  are  not  available  from  any 
known  source. 

(4)  Although  the  environmental  effects  of  en- 
ergy use  depends  on  sector-specific  fuel  end-use 
(e.g.,  petroleum  used  in  air  transportation  has  a 

^  different  impact  than  that  used  for  automotive 
transportation),  the  I  EES  output  does  not  provide 
such  detailed  end-use  information  for  the  ESNS 
model. 

The  Brookhaven  analysts  compensated  for  lim- 
itation (4)  by  using  the  currently  dominant  con- 
suming devices  for  energy  end-use.  They  compen- 
sated for  (3)  by  applying  U.S.  new-source 
performance  standards  on  a  global  basts.  No 
means  were  available  to  compensate  for  limita- 
tions (1)  and  (2).  It  should  also  be  noted  that 
estimates  for  land  disruption  and  solid  waste 
generation  are  incomplete  measures,  since  they 
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exclude  minifife,  a  dominant  factor  in  land  disrup- 
tion and  solid  waste  generation  from  the  energy 
sectoV. 

The  application  of  U  S.  new-source  perform- 
ance standards  on  a  global  basis  in  the  ESNS 
calculations  is  a  highly  optimistic  assumption. 
More  strict  standards  may  be  adopted  in  some 
areas,  but,  in  general,  less  strict  standards  can  be 
expected.  Even  the  U.S.  may  not  be  meeting  the 
current  standards  by  1985 — or  even  by  1990.  In 
general,  «4his  assumption  leads  to  underestimates 
of  probable  future  emissions.  The  extent  of  under- 
estimation varies  by  region  and  by  emission  type 
for  regions  likely  to  differ  greatly  from  U.S. 
standards,  such  as  many  LDCs.  Tlie  underesti- 
mation is  large  for  emissions  that  are  heavily 
regulated  under  U.S.  emission  standards  (sulfur 
dioxide  and  oxides  of  nitrogen)  but  small  for 
regions  likely  to  follow  policies  similar  to  those  of 
the  U.S.  (such  as  Western  Europe  and  Japan)  and 
for  environmental  impacts  (including  land  use  and 
solid  waste  generation)  that  are  not  affected  by 
new-source  performance  standards. 

It  should  also  be  pointed  out  that  the  emissions 
figures  do  not  address  some  potentially  serious 
environmental  impacts  jf  the  energy  sector.  Esti- 
mates of  tritium  emissions  and  population  expo- 
sure refer  only  to  operations  occurring  in  routine 
operations  in  nuclear  powerplants;  they  do  not 
include  estimates  for  mining  and  for  refining  and 
reprocessing  plant  activities.  Indirect  effects  of 
energy  processes,  such  as  environmental  conse- 
quences of  energy  transport  ^e.g.,  oil  spills,  and 
impacts  of  oil  pipelines),  are  also  not  included. 
Since  the  lEES  model  outputs  were  not  suffi- 
ciently detailed,  these  issues  could  not  be  ad- 
dressed in  depth. 

Finally,  the  Brookhav^  estimates  are  the  direct 
result  of  the  IEE$  projections,  and  therefore 
obviously  subject  to  the  assumptions  implicit  in 
these  projections.  For  example,  the  high  estimates 
of  sulfur  dioxide  and  carbon  dioxide  generation  by 
the  centrally  planned  economies  are  a  direct  result 
of  the  lEES  projections  of  heavy  coal  use  in  the 
centrally  planned  economies.  To  reflect  this  close 
linkage  between  lEES  and  ESNS,  the  following 
findings  are  attributed  jointly  to  IEES-ESNS. 

Findings 

The  lEES-ESNS  findings  for  the  1985  and  1990 
medjum-GNP  growth  scenarios  are  summarized  in 
Table  10-16.  (The  hig|i-  and  k)w-GNP  growth 
findings  are  in  Tables  10-17  and  1()-18.)  A  com- 
parison of  1990  lEES-ESNS  emissions  projections 
with  estimates  of  recent  emissions  rates  from  the 
technicaf  literature  is  given  in  Table  10-19.  The 
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TABLE  10-16 


Emis^  Projections.  1965  and  1990,  Medium- 

"rowih  Cftse 

European 

U  S 
and 

j.'Oan 

Less 
Developed 

Centrally 
Planned 

World 

Countrie*' 

Cw..ada 

Countries 

Countries  ^ 

Economies 

1965 

\DUmO-13  Oj  5nOn  tOtlS) 

5  2 

7.54 

1.68 

2  81 

0  89 

8  99 

27  1 

24  7 

15.2 

7  25 

17  2 

6  22  , 

25  4 

96.0 

12.8 

14  2 

5  10 

7  76 

1  51 

36  8 

78  1 

Oxides  of  nitrogen  ' 

\rrniuuny  OJ  snun  iiipj  } 

15  1 

17  1 

5  27 

8  QQ 

0  77 

2  68 

23  4 

72  5 

a  al  llVUIillCs 

{fftillions  ofsLott  tons) 

6,21 

9  85 

2  20 

1  17 

0  58 

38  1 

64  1 

Inti/tiiiHt   if  fhiirt  tt%n\  • 

2  8 

2  08 

0  86 

1  90 

0  67 

3  46 

1 1.8 

i^nu  use 

Solid  waster 

13  7 

(8  8 

3  37 

11.9 

0  005 

15  1 

62,8 

{milMons  of  short  tons) 

61  9 

40 

7  69 

50  4  ' 

0  7^ 

187 

Ml 

Tritium 

{thousands  ofiunes) 

145 

22  9 

34  6 

3  64 

■^9 

357 

Popuktion  exposure 

i 

{thousands  of  ma-  rents) 

3  98 

5  59 

0  88 

1  33 

0  14 

1  84 

13  8 

Solid  high-ievet  wastes 

{hilliois  ofcunes) 

1  1  A 
1  1  .U 

1 5  5 

2  44 

J  69 

0  39 

5  10 

38  1 

v.aruuii  un^AiUc 

{hilhots  ofshoft  tons) 

5  90 

8  29 

1  88 

3  42 

1  15 

10  2 

30  9 

v.aruun  inonoxiuc 

29.4 

15  6 

9  20 

21  1 

7  97 , 

28.9 

1 12  0 

OUIIUI  UlVAiuC 

t  tt/t  tit          t  r%v  tm^t^t  #^%MrX 

14  2 

15  6 

5  52^ 

9  40 

1  94 

41  9 

88  5 

yjAHiC^  ui  iii(ru{$ci] 

{ntillions  of  shoft  tottj) 

14  9 

18  2 

5  84 

1 1  0 

3  46 

■26  7 

.  82.0 

mmwuiric  s 

{fnillions  of  short  tons) 

6  92 

U  0 

2  38 

8.63 

0  76 

43  4 

73.1 

M  v^rArnrKrtnc 

imillinttK  nf  vhni't  //inr^ 

1  29 

2  17 

1  06 

2  "^2 

(J  8a 

3  94 

13  7 

15  7 

21  7 

4  43 

15.7 

0  008 

21  7 

79  1 

Solid  wastes 

{miiiions  of  short  ton:^ ) 

74  2 

•280  0 

7  75 

604 

1  02 

21?  0 

637  0 

TVitium 

{thousands  of  i  uries) 

I7B0 

225  0 

42  4 

74.6 

12  0 

118  0 

650  0 

Population  exposure 

{thousands  of  man -rem  s) 

6  83 

8.65 

1  63 

2  87  * 

0  46 

4.53 

25  0 

Solid  high-level  wastes 

{billions  of  curies ) 

189 

:4  0 

4.52 

7  95 

1  28 

126 

69  2 

probable  consequences  of  the  projections  are 
discussed  below. 

Carbon  Dioxide.  As  projected,  carbon  dioxide 
emissions  in  1990  will  be  about  double  those  of 
the  mid-197ps.  The  prevailing  belief  among  clima- 
tologists'is  that  increases  of  CO,  emissions  on  this 
order  of  magnitude  will  have  strong  impacts. ' 
^ However,  there  is  growir  *  concern  that,  if  heavy 


reliance  on  fossil  fuels  continues,  accumulations 
of  carbon  dioxide  in  the  atmosphere  will  cauM 
seriously  disruptive  climatic  shifts  in  the  early  21st 
century. 

f 

Paniculate'  .  lEES-ESNS  estimates  a  total  of 
6l-~78  million  short  tons  of  particulates  per  year 
will  result  from  fossil  fuel  combustions  in  1990, 
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This  represents  roughly  a  doubling  of  energy- 
related  particulate  emissions.  More  than  half  of 
these  emissions  are  calculated  to  come  from  the  - 
centrally  planned  economies,  due  to  the  energy 
projection  of  their  heavy  reliance  on  coal. 

Present  global  particulate  emissions  from  nat- 
ural and  anthropogenic  sou»'ces  vyere  estimated 
at  2.6  billion  short  torn  per  year — about  50  times 
the  projected  1990  energy-related  particulate 
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emissions. '  Thus,  the  eneig>  sector  may  not  have 
a  major  impact  on  the  total  global  particulate 
levels. 

In  urban  areas  the  projected  doubling  of  en- 
ergy-related particulates  would  degrade  the  air 
quality,  lowering  visibility  and  wnntributing  to 
chronic  and  acute  respiratory  illnesses.  The  ex- 
tent of  harm  that  might  be  done  is  difficult  to 
estimate  due  to  (I)  lack  of  knowledge  about 


tABLE  10-17 

Fmisson  Projections,  1985  and  1990,  High-Growth  Case 


fLurupcan 

and 

Japan 

Less 
Developed 

OPEC  ^ 
Countries 

Centrally 
Planned 

World 

c)untries 

Candda 

Countries 

Economies 

1985 

{biibons  of  short  fans) 

<  U  1 

J  5! 

o  31 

1  88 

3  02 
* 

97 

9  27 

29  2 

\^cli(.nJll  iTiUnUAlUC 

Z  /  4 

1 7  4 

7  89 

18  2 

6  69 

26  2 

104  0 

OUIIUi  UIOXIQC 

[ffulltons  of  short  ft>n\) 

1  ? 

5  73 

8  35 

1  63 

37  9 

83  3 

Okiflp^  nf  nit  mop  n 

Iffllllittny  tfj  yfitfrl  fiffiS  t 

\  1  U 

11  I 

5  90 

9  62 

2  90 

24  1 

78.3 

rdl  lILUIalC > 

t. 

{tnntlUftA  UJ  \¥li)ri  nn\} 

A  AA 
O  44 

2  37 

7  77 

0  62 

39  2 

r 

H  t/f1r<VKrh<in  V 

\ffHttfi}rtS  ifj  \¥iori  ntn\ ) 

^  1  1 
>   i  1 

94 

2  01 

0  72 

3  57 

12  7 

i/ntHtittt  \  of    ro\ ) 

•  J  7 

18  8, 

3  37 

11  9 

0  005 

L^  1 

62  9 

OUIIU  WclMO 

/ 

{fftiHtittts  oj  short  fofis ) 

264  0 

8  01 

55  5 

1  02 

193  0 

588  0 

Tntii  in^ 
1  1  IliUIII 

Uhotisands  of  i urw s) 

149  0 

22  9 

34  6 

3  '-4 

47  9 

361  0 

Prtniilittii'tn  pvnnviirp 

\in'H4\llnii\  OJ  rrltl  n -rtr  r'l  \  } 

?  /  1 

uo 

1  33 

0  14 

1  84 

13  9 

Solid  hi|(h*lcvcl  VVdStCS 

\rJfnU}n  \  OJ  (  U.  Ic  S  f 

\  i  u 

}  C  U 

1  J  V 

2  44 

3  69 

0  39 

5  10 

38  4 

1990 

Carbon  dioxide 

[hill tons  oj  short  tons) 

6  80 

947 

2  15 

3  84 

1  36 

107 

34  3 

Carbon  monoxid** 

{millions  oj  short  tons) 

33  6 

186 

10,*? 

23  6 

9  36 

30  2 

126  0 

Sulfur  dioxide 

{millions  of  ^hort  to^s ) 

16  4 

178 

6  38 

10 

2  28 

*     43  7 

97  0 

Oxides  of  nitrogen 

{millions  i}f  short  tons) 

19  7 

25  \ 

6  72 

12  3 

4  07 

27  8 

91  1 

Particulates 

[millions  of  short  tt)ns) 

7  ^8 

124 

2  6  .^ 

9  60 

0  87 

45  3 

78  3 

Hydrocarbons 

[millions  of  shyrt  tons) 

^  79 

2  15 

1  17 

2  60 

t  01 

4  12 

1  V3 

Land  use 

[millions  of  iun's) 

15  7 

21  7 

4  43 

M  7 

0  009 

"^l  7 

79  2 

Solid  wastes 

[millions  of  short  ti}^s) 

63  7 

^14  0 

8  ^2 

67  9 

1  46 

?23  0 

^67  0 

Tritium 

[thousan  ^  oj  r  urii's) 

178  0 

230  0 

42  4 

74  6 

12  0 

118  0 

655  0 

Population  xposurc 

{thousands  of  mun-rems) 

6  8^ 

8  86 

1  63 

2  87 

0  46 

4  M 

25  2 

Solid  high-level  wastes 

{billions  oft  itrii's) 

18  9 

24  6 

4  *?2 

7  9S 

1  28 

12  6 

69  8 
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TABLE  1(M8 
Emission  Projections,  1985  and  1990,  Low-Growth  Case 


Eulopean 

OECD 
Countries 


US 
and 
Canada 


Japan 


CartxHi  dioxide 

QfilUons  of  shorttons)  4.78  6.85  1.51 

Carbon  monoxide 

{miiiions  of  short  tons)  22  5  13  4  6.68 

Sulfur  dioxide 

{Mitlkms  of  short  tons )  118  13  0  4  52 

Oxides  of  nitrogen 

{millions  of  short  tons)  13  5  15  7  4.7 1 

Particulates 

{millions  of  sHo,  i  tons )  6  3  9.02  2  03 

Hydrocarbons 

{millions  of  short  tons)  2  56  1 .84  0  79 

Land  use 

{millions  of  acres)  13  7  18  7  3  37 

Sol' J  wastes 

{millions  of  short  tons)  80  1  2|8  7  43 

Tntium 

V  {thousands  of  tunes)  142  22.9 

Population  exposure 

{thousands  of  man-rems)  3  98  5  44  0  88 

Solid  high-level  aastes 

{billions  of  imes)  110  15  1  2.44 


1990 

Carbon  dioxide 

{billions  of  short  tons )  5  20  7.31  1 . 62 

Carbon  monoxide 

{millions  of  short  tons)  26  2  13  1  8  44 

Sulfur  dioxide 

{millions  of  short  ton  s)  12  7  13.8  4  68 

Oxides  of  nitrogen 

(millions  of  short  tons)  14  8  16.2  4.44 

Particulates 

{millions  of  short  tons)  6  66  9  73  2.15  ^ 

Hydrocarbons 

iriillions  of  short  tons)  2  94  1 .85  0.38 

Land  use 

{millions  of  aires)  15  7  2 1 .6  4  43 

Solid  wastes 

{millions  of  short  tons )  75  I  243  7  9 

Tritium 

{thousands  of  I  unes)  178  214  42.4 

Population  exposure 

{thousands  of  man-rem\)         6  83  8.23  163 

Solid  high>level  wastes 

{billions  of  I  uries)  18  9  22  9  4  52 


Less 
Developed 
Countries 


2.57 
157 
7.07 
8.21 
6.56 
I  73 
11  9 
45.6 
34  6 
1  33 
3  69 


3  05 

19.6 
8.42 
9.74 
7.81 
2  14 

15  7 

50.2 

74.6 
2.87 
7.95 


OPEC 
Countries 


Centrally 

Planned  World 
Economies 


0.80 

5  50 

1  33 

2.38 

0.54 

0  59 

0  004 

0.58 

364 

0.14 

0.39 


0  97 
6% 

1  56 
288 
0.63 
0  73 
0.007 
1.02 

12.0 
0.46 
{  28 


7.52 
22  4 
29.8 
19.7 
30  6 

2.99 
15.1 
149 
47.9 

1.84 

5  10 


8.42 
25  0 
33.4 
22  0 
34.2 
3.35 
21.6 

168 

118 
4.53 
12.6 


24.0 

86.1 
67.4 
64.1 
55.0 
10.5 
61.2 

500 

354 
13.6 
37.6 


26.6 
99.2 
74.6 
70.7 
61.2 
12.0 
79.0 

545 

639 
24.6 
68.1 


chemical  composition  and  specific  effects  of 
particulates;  (2)  dependence  of  the  effects  on 
plant  siting,  air  drainage,  and  other  factors;  and 
(3)  difTiculties  establishing  clear  cause  and  effect 
relationships  in  health  problems. 

Sulfur  dioxide.  lEES-ESNS  projects  global 
emissions  of  sulfur  dioxide  to  be  between  75  and 
97  million  short  tons  per  year  in  1990.  Nearly 


half  of  this— 33  to  44  million  short  tons— is 
projected  to  come  from  the  centrally  planned 
economies  and  is  again  attributable  to  the  energy 
projection  that  the  centrally  planned  economies 
will  rely  heavily  on  coal  as  an  eneigy  source. 

The  lEES-ESNS  figures  for  s  ilfiir  dioxide 
emissions  are  probably  substantially  lower  than 
will  actually  be  realized.  Global  emissions  of 
sulfur  dioxide  are  currently  about  140  million 
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TiiBLE  10-19 

Recent  Esdmatcs  of  Emfaskms  tnm  FM 
CombuBlion,  ComiNiPecl  with  lEES-ESNS 
Esdmatcs  for  1990 


Present 

Calculated 

Emissions 

Enussions  per 

per  Year 

Year  for  1990 

Carbon  dioxide  ibtlltons  of 

short  tons) 

:)  4" 

27—34 

Sulfur  dioxide  {millions  oj 

short  tons) 

IB'' 

75— 9T 

Oxides  of  iiiCiogen  {miilions 

of  short  tons) 

52' 

71—91 

Pirticulates  {millions  of  short 

tons) 

28^ 

61-^78 

*  Covoci)  on  EfivinHimenul  Quatity.  8tS  Annual  Report,  1977.  p  190 

*  Estimated  from  toiiti  gh>b«J  sulfur  dtonidc  fcncridon  figures  tn  D  M 
WMpdalt  ud  R  H  Mumi.  m  A  C  Stern,  ed  >  Air  Pollution,  vol  7.  3rd  ed  . 
Hrm  Yort  Academic  Press.  1977 

*  E  Robimon  wid  R  C  RobbiRs.  Em' whs  Concentrauons  and  Fate  of 
Fartkttiate  Atmotpherk  Pollutants,  Menlo  Pirk.  Calif  SUnford  Rescareh 
Imtiiaic.  1971 

*  tbid  cakiilaied  uup«  tame  proccduies  used  for  sutfiir  dioxide  cstimalcs 


short  tons  per  year.  ^  If  U.S.  figures  are  typical 
throughout  the  world,  then  81  percent  of  the 
sulfur  oxide  emissions  ni3  million  short  tons)  are 
from  fuel  combustion.  The  lEES-ESNS  figures 
would  therefore  imply  a  substantial  decree  in 
sulfur  dioxide  emissions  between  now  and  2000. 
These  optimistically  low  projections  stem  in  lar^e 
from  the  assumption  that  U.S.  new-source 
performarxe  standards  will  be  applied  throughout 
the  work).  The  Environmental  Protection  Agency's 
Office  of  Research  and  Development  estimates 
that  these  standards  would,  in  the  case  of  high- 
sulfur  coals,  require  reductions  in  emissions  from 
coaf  combustion  to.  about  20  percent  of  the 
unregulated  emissions. 

Sulfur  dioxide  and  its  oxidation  products  have 
many  adverse  effects  on  biological  organisms. 
These  pollutants  damage  crops  and  other  vege- 
tation. They  are  respiratory  irritants  and  contrib- 
ute to  acid  rain  and  its  damage  tc  fish  and 
vegetation  '>ee  the  forestry  and  fresh  water 
projections  in  this  chapter).  The  extent  to  which 
sulfur  dioxide  emissions  from  the  gfohal  energy 
sector  increase  or  decrease  will  determine 
whether  the  problems  associated  with  sulfur 
dioxid(^  and  sulfates  will  increase  or  decrease  in 
the  yea.*^  ahead. 

The  reaucticn  of  atmospheric  emissions  is  not 
a  final  solution  to  the  sulfur  problem.  The  chemi- 
cal-rich sludge  that  results  from  desulfurization 
processes  can  itself  become  an  environmental 
hazard.  The  projected  increases  in  desulfurization 
imply  volumes  of  sludge  large  enough  to  require 


considerable  amounts  of  land  for  disposal.  Even 
after  the  land-use  problem  is  solved,  leaching 
problems  can  lead  to  further  environmental  dam- 
age. 

Oxides  of  Nitrogen,  lEES-ESNS  estimates  the 
1990  emissions  of  oxides  of  nitrogen  at  71-91 
million  short  tons  per  year.  As  a  point  of 
comparison,  current  global  emissions  from  fossil 
fuel  combustion  have  been  estimated  at  52  mil- 
lion short  tr^ns  per  year,^  which  is  less  than  10 
percent  i  almost  600  million  short  tons  of 
nitrogen  dioxiJe  thought  to  be  released  into  the 
atmosphere  annually  by  bacterial  action.'  The 
Brvokhaven  1990  figure,  therefore,  represents  an 
increase  of  30-75  percent  over  current  estimated 
global  emi^^ons  from  fossil  fuel  sources.  Even 
though  this  increase  is  small  compared  to  natural 
sources,  it  may  be  environmentally  significant, 
since  it  will  occur  in  urban  and  industrial  areas 
with  high  pc>pulation  density,  where  it  will  con- 
tribute to  the  formation  of  photochemical  oxi- 
dants, the  most  damaging  ingredient  in^smog. 

Human  exposure  to  nitrogen  dioxide  has  be'^.n 
shown  to  increase  susceptibility  to  respiratory 
infections  and  result  in  increases  in  chronic 
respiratory  diseases.  Ozone,  a  respiratory  irritant 
fotmed  in  the  atmosphere  through  chemical  reac- 
tions involving  rptrogen  oxides,  is  associated  with 
decreased  pulmonary  functions.  It  is  unclear 
whether  o  '<des  of  nitrogen  alone  have  adverse 
effects  on  vegetation,  but  adverse  synergistic 
effects  of  oxides  of  nitrogen  and  sulfiir  dioxide 
have  been  demonstrated.  Photochemical  smogs 
containing  nitrogen  oxides,  ozone,  and  related 
pollutants  are  quite  damaging  to  many  food  crops 
and  to  other  sensitive  vegetation.  Nitrogen  dioxide 
and  nitrate  aerosols  contribute  to  decreased  visi- 
bility. 

Carbon  Monoxide.  lEES-ESNS  projects  car- 
bon monoxide  emissions  in  1990  at  between  99.2 
and  126  million  short  tons  per  year.  No  current 
estimates  of  carbon  mon6xide  emissions  could 
be  found  for  comparison.  However,  the  lEES- 
ESNS  figure  for  1990  represents  a  16  percent 
increase  over  the  1985  figure.  These  increased 
carbon  monoxide  emissions  are  expected  to  have 
little  environmental  effect — except  in  urban 
areas — because  carbon  monoxide  released  into 
the  atmosphere  quickly  dilutes  to  levels  believed 
to  be  below  physiological  significance. 

Nuclear  Emissions*  Of  the  radioactive  emis- 
sions figures  produced  by  lEES-ESNS,  the  high- 
level  solid  wastes,  which  pose  the  greatest  diffi- 
culty (and  the  greatest  potential  hazard),  are  the 
only  ones  discussed  here. 
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The  problem  of  high-level  radioactive  solid 
waste  is  not  so  much  in  the  magnitude  of  the 
wastes  generated  (which  is  projected  to  be  large) 
as  in  the  nature  of  the  disposal  problem.  At 
present  the  technical  problems  of  high-level 
waste  disposal  are  unresolved.  The  U.S.  Depart- 
ment of  Energy  plans  a  demonstration  project  in 
the  next  few  years,  but  no  commercial  facilities 
arc  now  available  in  the  U.S,  With  the  future  of 
reprocessing  plants  in  question  because  of. their 
potential  to  contribute  to  ihi  proliferation  of 
nuclear  weapons,  spent  fuel  jods  are  rapidly  fiUing 
existing  storage  facilities  in/ome  countries.  / 

Disposal  of  nuclear  wAstes  will  be  a  difhcult 
issue  even  with  solution!  to  the  technical  prob- 
lems of  storage  and  iht  political  problems  of 
proliferation.  Japan  and'several  of  the  European 
nuclear  countries  lack  appropriate  sites  for  dis- 
posal. Localities  with  sites  more  suitable  for 
disposal  may  resist  having  nuclear  waste  facilities 
developed  within  their  jurisdictions^  All  but  three 
states  in  the  U.S.  have  rejected  nuclear  disposal 
wfthin  their  borders.  * 


Conclusions 

Increases  m  energy  use  will,  letems  paribus . 
lead  to  increases  of  the  gaseous  emissions  gener- 
ated in  the  course  of  energy  use.  The  extent  of 


the  increase  will  depend  on  what  fuels  are  used 
and  how  emissions  are  regulated,  A  st^'ategy 
making  heavy  use  of  coai — as  in  the  energy 
calculation  for  the  centrally  planned  economies 
leads  to  heavy  loadings  of  ticulates,  sulfur 
dioxide,  oxides  of  nitrogen,  "lid  carbon  dioxide. 
Worldwide  regulation  along  the  lines  of  the^U.S. 
new-source  performance  standards  would  reduce 
sulfur  dioxide  emissions  to  the  point  where  tolal 
annual  emissions  in  1990  could  be  less  than 
present-day  emissions  if  they  were  applied  on  a 
global  basis. 

The  strongest  impacts  for  the  class  of  energy 
impacts  considered  in  the  Brookhaven  analysis 
are  likely  to  be  those  on  urban  air  quality.  As  well 
as  having  the  aesthetically  negative  quality  of 
dirtying  air  and  reducing  visibility,  these  air-qual- 
ity impacts  will  tend  to  increase  respiratory  ill- 
nesses and  damage  to  vegetation.  In  the  longer- 
term,  accumulation  of  atmospheric  carbon  dioxide 
may  have  more  impact  on  the  environment  than 
all  the  other  effects  of  energy  use  taken  together. 
This  probably  will  not  have  happened  by  2000, 
though  if  the  world  by  then  has  adopted  an  energy 
strategy  based  on  coal,  oil  shale,  and  other  fossil 
fuels  that  will  still  be  abundant  by  2000,  the  best 
scientific  evidence  presently  available  indicates 
that  large  disruptive  climate  shifts  may  occur  in 
the  first  half  of  the  2 1st  century. 
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11   Fuel-Minerals  Projections 


A  consensus  is  developing  that  a  nuyor  shift  in 
the  world's  V  patterns  df  energy  utilization  is  im- 
pending. Growing  eneigy  demand  will  deplete 
conventional  eneigy  resources  eventually.  The 
problem  is  more  acute  for  petroleum  and  natural 
gas  thair  coal — our  most  abundant  conventional 
fuel.  But  there  are  limits  to  the  rok  that  even  coal 
can  play. 

Table  11-1  illustrates  the  estimated  enervy  re- 
sources available  to  the  world.  It  should  be  oearly 
understood  that  a  high  degree  of  uncertainty 
applies  to  these  numbers,  as  resource  estimating 
is  not  an  exact  science.  Thus,  {proximately 
161,250  quadrillion  Btu  (British  thermal  units)  of' 
energy  is  assumed  available  for  use—if  conditions 
allow.  While  this  seems  large,  an  exercise  devel- 
oped by  Vincent  E.  McKelvey,  former  Director 
d  the  U.S.  Geological  Survey,  shows  the  impact 
of  exponential  growth  rates  of  energy  demand.^ 
Assuming  only  the  energy  availability  shown  in 
Table  11-1,  and  world  ener^fy  consumption  of 
approximately  250  quadrillion  BtO  (the  1976  esti- 
mate), life  of  these  resources  would  be: 

At  d  percent  annuai  increase  in  demand  rate. 
Resource  life     161,25<V250  ^  $45  years 

Ax  2  percent  annual  increase  in  the  demand  rate: 


Cumulative  consumption  during 

1st  doubling  period  (1977-201 1)  12,750 

2nd  doubUng  period  (2012-2046)  25,500 

3rd  doubling  period  (2047-2081)  51,000 


Totol  1977-2081  89,256 
Total  2082-2110  71,494 


Total  160,750 


It  would  appear  that  a  fourth  doubling  would  be 
impossible,  and  that  resource  life  would  be  less 
than  133  years. 

At  5  percent  annual  mcrcase  m  the  demand  rate: 


Cumulative  consumptbn  during 

1st  doubUng  period  (1977-1990)  5,150 

2nd  dubling  period  ( 1991-2004/  10,300 

3rd  doubling  period  (2005-2018)  20,600 

4th  doublifw  period  (2019-2032)  41,200 

5th  doubling  period  (2033-2046)  82,400 


Total  1977-2046  (70  years)  ,  159,650 


TABLE  11*1 


Recoverable  World  Nonrenewable  Energy 

.  Re$ource8 

{Quadrillion  Btu) 

Petroleum* 

9,634 

Natural  gas* 

8,663 

Solid  fuels  ^ 

120,854 

Shale  oil « 

20,130 

Tmr sands ^  ^ 

Uranium  * 

1,960 

Total 

161,241 

■  Btsctf  on  physical  uniu  from  Con(rcssioiial  Research  Service.  Projett 
Interdependence  U,S  and  WoHd  Energy  Outtook  Through  1990,  Waihifwton. 
OK),  1977  (bMed  pa  wod(  <knc  by  M  KiQi  Hubbcd)  Coovcr* -^n  factors  I 
b«rrd  oil  «  5 1  miHiofi  Riu.  I  cu  n  Mtural  gas  -  L020  Btu 

*  Baatd  on  phytcal  umis  from  Worid  Energy  Conference  Sun  f\  *tt  Entrfis 
Restmrtes.  1976  Recovcrability  oi  coal  assumed  to  be  50  percent  Conversion 
fmoUx  varwt  for  ftographtcal  ijetions 

•  Baaed  on  physical  amis  frrm  U  S  Geological  Survey  Represents  idenfdial 
rcaourcet  only  ^ 

*  Not  esfimalcd.  but  totaf  energy  contest  of  oil  in-pUce  is  approximaiely  5  600- 
9.000  quadrilkon  Btu.  based  o.i  physical  units  m  table  i  I-  iS 

•  Bated  on  physical  units  from  Woiid  Energy  Conference.  Stm  e\  nf  Erttr}i\ 
Reumrtes  I9W  LtglU- water  reactor  tec hnofegy  ^assumed  Conversion  factor 
400  blbon  BtiVshon  ton  W  U 


It  would  af^pear  tha'.  a  sixth  dcubiing  v^oukl  be 
impossible  and  that  resource  life  would  be  slightly  ^ 
over  7Si  years. 

The  above  is  a  highly  artificiaf  example  of  the 
effects  of  continued  growth  rates  on  the  eneigy 
resource  base,  ^  the  expectation  of  continued 
gro;wth  is  unrealistic.  Ft  does  point  to  the  problem 
to  be  faced  as  the  ^orld  shtfts  £nom  om  eneigy 
source  to  another. 

Other  energy  sources  have  the  potentiality  for 
supplying  future  eneigy  demand.  Some,  such  as 
solar  eneigy,  are  renewable  while  others,  such  as 
nuclear  fission  (using  the  breeder),  themKmuclear 
ftisiofl  (perhaps),  and  geothermal  eneigy,  offer 
hopes  of  long-term  solution  to  eneigy  suf^ly.  The 
ma^jor  problem  is  bridging  the  transition  from  the 
fossil  ftiei:  to  the  more  abundant  energy  sources. 

Resource  Tei^inology 

In  discussing  resources  it  necessary  to  define 
two  key  terths — reserves  and  resources.  For  the 
United  States  the  ierminology  is  based  on  a  U.S. 


ERIC  ^'^^^ 
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FIfvt  11-1.  Clatiification  of  nuneral  reiourcei. 


Geological  Survey/Bureau  of  Mines  classification 
system.  ^  The  system  is  ba^  on  two  variables— 
(tegree  of  geologic  assurance  and  degree  of  Eco- 
nomic feasibility — illustrated  in  Figure  11-1. 

Thus,  reserves  are  identified  deposits  of  min- 
erals known  to  be  recoverable  with  current  tech- 
nology under  present  economic  conditions.  TIjere 
h;^  three  categories  of  reserves: 

Measured  reserves  arc  identified  reserves  from 
which  an  energy  commodity  can  be  economically 
extracted  with  existing  technology  and  whose 
location,  quality,  and  quantity  are  known  from 
geok)gic  evident  supported  by  engineering  evi- 
dence. 

Indicated  reserves  arc  r^rves  based  partly  on 
specific  measurements,  samples,  or  pnxluction 
data  and  partly  on  projections  for  a  reasonable 
time  period  on  the  basis  of  geological  evidence. 

Irtferred  reserves  are  reserves  based  upon  broad 


geologic  knowledge  for  which  quantitative  meas- 
urements are  not  available.  Such  reserves  are 
estimated  to  be  recoverable  in  the  ftjture  as  a 
result  of  extensions,  revisions  of  estimates,  and 
deeper  drilling  in  known  fields. 

In  most  instances  these  three  categories  are 
undifferentiated  here.  Reserves  of  coal  are  some- 
times discussed  in  different  terms,  as  follows: 

The  demonstrated  coal  reserve  base  includes 
measured  and  indicated  in-place  quantities  of 
bituminous  coal  and  anthracite  located  in  beds  28 
inches  or  more  thick,  and  subbituminous  coal  in 
beds  60  or  more  inches  tKick  that  are  located  in 
depths  up  to  1,000  feet.  The  demonstrated  coal 
reserve  base  includes  also  small  quantities  of  coal 
located  in  beds  thinner  and/or  deeper  than  coal 
presently  mined,  for  which  there  is  evidence  that 
mining  is  commercially  feasible  at  this  time.  The 
data  for  lignite  include  beds  60  inches  or  more 
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Type  Retoufces 


tabu; 

Reserve  and  Retourcc  Terminology 

Total  Reserves  Recoverable  Reserves 


Other  Resources* 


SdHdftieU^ 

Oil  and  natural  |M 

Natural  ais  liquids 

Oil  ihak  and  bituminous 

sands 
Uniikim  and  thorium 


Known  reservenn-plyrx 
Oriainal  reserve-tn<place ' 


Known  recoverable 
Proved  recoverable  reserves 
Proved  recoverable  reserves 


Additional  resources 
Additional  resources 
Additional  resources 


Potential  total  known  recoverable  resources 
Known  recoverable  reserves'  Additional  resources 


Noie  TMM|wlug|  Ibr  Mnnik  nwmm  mckt&a  amaUtd  and  iMldltMe  ca^y  {pomtr  ill  Mw)  tad  protabk  aMmd  leacratkMi  {twergf  in  GWkr/yr).  SimOar 

iMWiiolngy  tt^tkn,  im  tpwril,  lo  mim  WMwaNt  reaoMrci. 

*IkMm  iadkM  (probtMe)  afd  mfetrtd  (potsiNe)  retervct  n  normally  dcflnad 

*TmiI  wnoMMa  arc  alao  ttvca  for  uHA  fiida. 

'tocMta  paM  cmfukinM  r^vciion 

'AHvnativc  (Ofaniutioa  for  Econofpc  Cooperation  and  Development)  (ermtnoiogy  it  reasonably  assured  resources  (•^overabk  ai  costs  up  to  approxtmately  $26^ 
of  U  or  TbI.  RaaaonaMy  aatured  resources  recovcrsble  at  costs  aix>ve  $26/kg  arc  rcfaided  as  pari  of  adtfational  resources 
Sttprrr  Mmim  and  Cailamiib.  p.  47 


thick  that  can  be  surfece-mined.  These  are  gener- 
ally located  at  depths  no  greater  than  120  feet. 

Resources  includes  reserves  as  well  as  minerals 
that  have  been  identified  but  cannot  now  be 
extracted  because  of  econoniic  or  technological 
limitations,  as  weU  as  economic  or  subeconomic 
materials  that  have  not  as  yet  been  discovered. 

Undiscovered  recoverable  resources  are  quan- 
titles  of  an  energy  commodity  that  may  be  reason- 
laUy  expected  to  exist  in  fovorable  geologic  set- 
^^ggs  but  that  have  not  yet  been  identified  by 
dnOmg.  Exploration  and  resulting  discovery  will 
penmthe  reclassification  cS  such  resources  to  tl^ 
reserves  category. 

This,  of  course,  is  the  U.S.  system.  There  are 
other  classification  systems.  As  pointed  out  by 
Bauer  and  Carlsmith,^  ''One  of  the  reasons  for  a 
wide  disparity  in  definiticms  of  reserves  and  re- 
sources cf  evcrgy  raw  materials  among  the  var- 
ious regions  and  nations  is  that  present  local  usage 
is  based  on  historical  precedents  which  have 
evolved  under  differing  social,  legal,  economic, 
and  technical  experiences  and  cominercial  prac- 
tices.'* For  this  reason  the  World  Energy  Confer- 
ence (WEC)  in  its  latest  reports  uses  the  reserve 
and  resources  terminology  defined  in  Table  1 1-2. 

The  above  classfficatk>n  systems  are  applicable 
primarily  to  stock  energy  sources,  i.e.,  energy 
sources  having  finite  quantities.  Problems  arise  in 
classifying  flow  and  renewable  energy  forms,  for 
here  the  concept  of  time  enters.  For  this  reason, 
renewable  eiier^^  sources  will  be  shown  with  their 
amiual  ou^Mit.  This  is  particularly  true  for  hydro- 
power,  tidal  power,  solar  enei^y.  etc. 

Before  turning  to  the  subject  of  oil  resources, 
some  qualifications  regarding  reserves  shouki  be 
noted.  V.  E.  McKelvey  states:  We  know  a  good 
deal  about  reserves  because  the  deposits  compos- 


ing them  have  been  identified  and  their  geometry 
and  quality  evaluated  on  the  basis  of  direct 
evidence.  Even  so  estimates  of  reserves  do  not 
have  *he  exactitudes  of  inventories  of  other  kinds 
of  stocK  and  they  may  err  by  plus  or  minus  10-25 
percent.  The  assessment  of  undiscovered  re- 
sources, however,  entails  br  more  hypothesis  and 
much  speculation,  based  on  incomplete  and  some- 
times incompatible  data,  with  the  hazard,  then, 
that  even  the  most  conscientious  estimate  may  be 
grossly  in  error.* 

Petroleuin 

Various  resource  estimators  place  the  quantity 
of  ultimately  recoverable  petroleum  at  wproxi- 
mately  2,000  billion  barrels.  Some  of  these  esti- 
mates made  since  1970  and  cited  by  M.  King 
Hubbert  in  the  Project  Interdependence!  report' 
are  presented  in  Table  1 1-3.  / 


TABLE  11-3  ^ 

Estimates  of  Worid  Ultimate  Piroductkm  of 
Crude  OU  Made  Since  1970 

{Billions  of  barrfh) 
Estimators  Offanization  Quantity 


Mobil  Oil  Coip. 

1.800-1.900 

Sun  CNl  Co. 

1.952 

BP.  Ltd. 

1.800 

SheU 

1.930 

BP.  Ltd. 

1.915 

Mobil  Oil  Coip. 

2.000 

U.S.  Geological 

2.000 

Survey 


i.  D.  Moody  and  H. 

H.  Emenik 
Ricliard  L.  iody 
H.  R.  Warman 
William  Vemeer 
H.  R.  Warman 
i.  D.  Moody  and  R. 

W.  Etser 
M.  King  Hubbert 
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Hubbert's  estimates  of  ultimate  production  of 
crude  oil  are  given  in  Table  11-4.  Basically,  he 
estimates  that  2,000  billion  barrels  of  oil  were 
available  originally,  and  that  approximately  339 
billion  barrels  have  already  been  produced.  This 
leaves  1,661  billion  barrels  of  remaining  resources. 
Of  this,  646  billion  barrels  are  reserves,*  leaving 
slightly  over  1,000  billion  barrels  to  be  discovered. 
Reserves  as  of  January  1,  i978,  are  shown  in 
Table  1 1-5  for  varkms  regions  of  the  world. 

In  1976  the  worid  produced  21.7  billion  barrels 
of  oil.  Thus,  if  the  production  rate  remained  con- 
stant, worid  reserves  .of  oil  would  last  about  30 
years,  and  total  resources  about  77  years.  This  is, 
of  course,  not  a  proper  description  of  the  decline 
pattern  of  petroleum  production.  The  overall  pro- 
duction  would  decline  over  time  from  some  peak, 
and  the  time  involved  would  be  longer  than  77 
years.  A  feeling  is  developing  that  the  peak  of 
petroleum  productk>n  will  occur  in  the  19SK)s. 

The  World  Energy  Conference  recently  ran  a 
survey  among  various  resource  estimators  on  their 
view  of  ultimately  recoverable  resources  of  oil.' 
The  average  of  their  low  estimates  was  1,240 
billion  barrels;  of  their  median  estimates,  1,806 
billion  barrels;  and  of  their  high  estimates,  3,110 
billion  barrels.  Most  of  the  incremental  oil  for  the 
high  estimate  comes  from  deep  offshore  and  polar 
areas  (505  billion  barrels  additional)  and  the  Mid- 


dle East  (315  billk>n  barrels  additional).  The  de- 
gree to  which  other  resource  estimators  h^ve 
included  deep  offshore  and  polar  areas  is  not 
readily  discernible. ' 

Bernardo  F.  Grossling  of  the  U.S.  Geological 
Survey  has  pointed  out  that  many  prospective 
areas  of  the  world  have  not  been^  extensively 
drilled.  As  shown  in  Table  13-5  tKc  density 
drilling  per  square  mile  of  prospective  petroleum 
area  (tm^)  varies  from  a  high  of  0.98  wells/mile ^ 
in  the  United  States  to  a  low  of  0.0031  wells/mile^ 
in  Afiica.  As  many  resource  estimates  are  based 
on  extrsCpolations  from  known  p  loleum  areas, 
some  of  the  least  drilled  area,  may  contain 
resources  not  showing  up  in  resource  estimates. 

The  9,634  quadrillion  Btu  of  petroleum  re- 
sources constitutes  5,4  percent  of  total  recovera- 
ble world  nonrenewable  enei^  resources. 

Two  final  points  on  the  distribution  of  petro- 
leum resources  and  reserves  are  in  order.  One  is 
that,  in  general,  reserves  and  resources  are  fairly 
closely  correlated,  as  wouM  be  expected.  There  is 
one  notable  excei^on— ^d  that  is  the  communist 
countries.  These  countries  have  15  percent  of  total 
world  petroleum  reserves,  and  are  estimated  to 
have  25  percent  of  total  world  petroleum  re- 
sources. Development  is  at  an  early  to  intermedi- 
ate stage. 

A  second  general  point  is  that,  with  the  excep- 


TABLE  11-4 

Work)  Cumulative  IVoductlon,  Ultimate  Production,  and  Future  Resources 
of  Crude  Ofl  as  of  January  1,  1976 


Region 

Cumulative 
Production 

Ultimate 
Production 

Remaining 
Resources 

Energy 
Content 

Quadrtl- 

Bilftons  of  barrels 

lion  Btu 

United  States  and  Canada: 

United  Sutes 

uins 

215 

✓  103 

597 

Canada 

7.217 

84 

77 

446 

ToUl 

119  335 

180 

1.044 

Latin  America: 

Mexicb 

5.574 

30 

24 

139 

South  Amenca 

39.675 

160 

120 

696 

ToUl 

45.249 

190 

144 

835 

Europe  (excluding  communist  countnes) 

3.220 

68 

65 

377 

Africa 

20.598 

162 

141 

818 

Middle  i^st 

.84.170 

598 

514 

2.981 

Atia-ftcific 

9.477 

96 

87 

505 

Communist  countries 

57.367 

472 

,  415 

2.407 

Additional  future  discoveries 

115 

115 

667 

Worid  total 

339  416 

2.000 

1.661 

9.634 

Nitte  Convtniofi  bctor  1  tMurd  ori  •  5  t  mdbun  Btu 
Stmrrr  Library  of  Congrew.  Congrcttiofld  Reiearch  Service. 

Frttfftt  /ftterJfprndrnir 

'  S  and  \^orh{  fnerns  Oiilhu 

k  Thrnt:f(h  i99(> 
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World  Frtrotemi  Reiervcs,  Janinry  1, 1978 

Estimated     Estimated  Reserves/ 
Region        *   Proved      Production  Productioo 
Reserves        1977  Ratio 


U.S.  and  Canada 


Btihons  of  barrels 


Uuited  States 

29.50 

3.01 

98 

Canada 

6.00 

,50 

12  0 

Total 

35.50 

3.51 

10.1 

Latin  America 

Mexico' 

14.00 

.36 

38.9 

Centiii  and 

South  Ameika 

26.37 

1.31 

20.1 

Total 

40.37 

1.67 

24.2 

Europe  (excluding 

conuif}  ist  coun- 

tries) 

26.8 

.50 

^3.6 

Afika 

59.20 

Middle  East 

366.17 

7.98 

45  9 

Asii^PKifk 

(excluding 

communist 

countries) 

19.75 

r.oi 

19.6 

Communist  countries 

U.S.S.R. 

75.00 

4.00 

18.7 

China 

20.00 

66 : 

30.3 

Other 

3.00 

^  .  .15 

20.0 

Total 

98.00 

4  81 

20.4 

Total  World 

645.85 

21.73 

29.7 

SitHftf  Oi  and  Gas  Jtfwml  December  26.  1977 


TABLE 


Density  of  fttroleimi  Drilling  for  Selected  Areas 
of  the  World,  as  of  End  of  1975* 


Country  or  Region 

Wells/milc* 

Exploratory 
Wells/ mile< 

United  Sutes 

0.98 

0.20 

U.S.S.R. 

0.15 

0.029 

Canada 

0.053 

0.011 

Western  Europe 

0.019 

0.0094 

Japan 

0.021 

0.0039 

Australia  and  New 

Zealand 

0.0016 

0  0032 

South  and  Southeast 

Asia^ 

0.0067 

0.0031 

Latin  America^ 

0.UU21 

0.0029 

Beop!e*s  Repubhc  of 

China* 

0.010 

0.0022 

Middle  East* 

0.0083 

0.0017 

Africa* 

0.0031 

0.0014 

"Dcntiiy  rtfen  to  prospective  petroleum  areas  of  ■  country  which  «re  >n 
general.  tmAlkr  than  the  total  area  of  the  country 
^Dcvflopmem  a-ea 

Stwrtr  Bernardo  F  Grm«ltng  Th'  Petrokum  Fxploraiion  C  haJirn|e  with 
Retpect  to  Devek\ping  NaiK>n»  in  ffu  In  r«  Supfi^  »>l  \in  nt  ^md 
f^rfntleifti  «W  Uti  'f-ir\i  l^S/iAM  <       mu  t  «•«  f»uri:\  miif  tlx 

f-uture  Flm«lbrd  N  Y   Periarnoo  IVT? 


ti(H)  of  he  U.S.S.R.,  the  industrialized  nations 
with  the  h|jghest  rate  of  petroleum  consumption 
have  the  smallest  reserves  and  resources.  The 
implkations  for  future  capital  transfers  are  signifi- 
cant. 

Natural  Giis 

Unlike  petroleum,  no  consensus  has  developed 
as  to  natural  gas  resources.  Some  estimates  made 
since  !970  are  given  in  Table  11-7.  M.  King 
Hubbert  has  estimated  that  the  ultimate  natural 
gas  production  is  10,000  tcf  (trillions  of  cubic 
feet),  of  which  1»507  has  been  prcxluced.  This 
leaves  8,493  tcf  available,  as  illustrated  in  Table 
11-8.  Of  the  available  resources,  2,519  tcf  consist 
of  reserves,  leaving  5,984  tcf  still  to  be  found. 
Reserves  are  delineated  in  Table  1 1-9  for  various 
regions  of  the  world. 

In  1976  approximately  50  tcf  (rf'  natural  gas  was 
produced.  Assuming  continuation  (tf  this  rate  <rf 
production,  the  worid  would  have  reserves  lasting 
44.6  years,  and  total  remaining  resources  lasting 
approximately  170  years.  As  with  petroleum,  this 
is  not  an  especially  apt  description  of  the  produc- 
tion rise  and  decline  of  natural  gas. 

Also,  , as  with  petroleum,  the  sparsity  of  drilling 
in  certain  prospective  petroleum  areas  may  indi- 
cate understatement  of  the  resources  in  these 
region^. 

N^atj^raT  gas  resources  of  8,663  quadrillion  Btu 
represent  4.8  percent  of  the  total  nonrenewable 
energy  resources  estimated  to  be  remaining  to  the 
world. 

TABLE  11-7 

Estimates  Made  Since  1970  of  Remaining  World 
Resources  of  Natural  Gas 

{TriUtons  of  cubic  feet) 

r 

Estimators  Organization  Quantity* 


C.  P.  Coppack 
M.  King  Hubbert 

T  D.  Adams  and 
M.  R.  Kirby 


M.  King  Hubbert 


U.S.  Geological  Survey 
Mobil  Oil  Corp> 


National  Academy  of 

Science 
institute  of  Gas 

Technology 
Congressional  Research 

Service 


6.660 
11.950 
7,020-7,880 

5,150 

6,900 

9,150-9,550 

8,493 


*  Remaining  re%oUrce«  converted  to  ultimate  resources  by  addition  of  l.MX)  tcf 
prevK)u%  productuHi  lo  ft|ure  Numbf  r«  ortpnally  m  ex^iutei  and  converted  un 
b*%n  of  )  tcf   I  OfU(5  cxiu<>ule« 

\,nn,t  W»>rfd  t-r>crf>  (  .mtc rente  t  ,iutn  h>i  W,>rU  \ninntl<ni\  Sttpph 
t^M\  ^ftVi  A(»r  l<  W77  p 
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TABLE  li:-8 

World  CimulaUve  Production*  Ultinuite  lYoduction,  and  FutiK  Resourtes 
of  Natural  Gat  (January  1, 1976) 

Region  Remainmg 
'  Produclwn  Production  Resources 


United  States  and  Canada: 
United  States 
Canada 

TotaJ 

Latin  America: 
Mexico 

South  America 
Total 

Europe  (excluding  communist  countries) 
Africa 
Middle  East 
Aiia*nK:iric 
Cominunbt  countries 
Additional  future  discoveries 
Worid  total 


EneiYV 
Content 


Von 

Trithofis  of  atbn  feet 

500 

1.240 

740^ 

755 

26 

663 

637 

^50 

I.VUi 

1,377 

1.405 

21 

104 

83 

85 

106 

428 

322 

328 

127 

532 

405 

413 

25 

517 

492 

502 

81 

638 

557 

568 

1' 

1.122 

%4 

V83 

'  46 

468 

422 

430' 

544 

4.478 

3.934 

4.013 

342 

34? 

349 

1.507 

10,000 

8.493 

8.66: 

W..  t*r.ryofCo«r«».aMV«»«f,«J  Research  ScrvKC  /-n... /  /  ,„ .  L  s  un.t  WorUt  tn.r,.  OmU^  Uruu.i,  i9^t 


TABL£  11*9 
World  Natural  Gas  Reserves,  January  I,  1978 

(Biiiions  of  cubic  feet) 


Region 


United  Stales  and  Canada: 
United  States 
Canada 

Total 

Latin  America: 
Mexico 
Central  and  South  America 

.  Total 

Europe  (excluding  communist  coun- 
tries) 

Africa 

Middle  East 

Asia-Pacific  (exc)udmg  communist 
oOiin(ries) 

Comnujnitt  countries: 
U.S.S.R. 
China 
Other 

Total 

Total  Worid 


Estimated 
Proved 
Reserves 


210.000 
58,000 

268,000 

30,000 
78,580 

108.580 

138.190 

207.504 
719,660 
122. ?25 


920.000 
25.000 
10.000 

955,000 
2.519.659 


As^an  be  seen  from  Tables  and  11-9,  the 
conifeunist  countries  (and  the  U.S.S,R.  in  partk- 
uat),  have  a  significant  share  of  world  natural  gas 
^serves  and  resources.  For  reserves,  the  share  is 
38  percent,  and  for  resources  46  pei^nt.  The 
United  States,  Canada,  and  Western  Europe  have 
16  percent  of  worid  natural  gas  reserves  and  22 
percent  of  total  resources. 


Coal 

Coal  is  a  solid,  brittle,  more  or  less  distinctly 
stratified,  combustible  carbonaceous  rocK,  formed 
by  partial  to  complete  decomposition  vegeta- 
tion. It  varies  in  color  from  brown  to  black,  and  is 
not  fusible  without  decompositicm.  It  is  also  very 
insoluble.  Ranks  of  coal  have  been  established 
according  lO  the  degree  of  coalificaticm.  This  is  a 
general  indication  of  carbon  content,  with  anthra- 
cite ranking  highest  foUowed  by  bituminous  coal, 
subbituminous  coal,  and  lignite. 

Worid  reserves  and  total  resources  are  shown 
in  Table  1 1-10.  The  reserves  of  786  billion  short 
tons  are  recoverable.  The  totid  resources  of  12.682 
billion  short  tons  are  in*place  coal  and  must  be 
multiplied  by  a  recoverability  fector.  For  most 
purposes  this  is  assumed  to  be  SO  percent;  thus. 
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TABLE  IMO 


Total  ^ocM  SoiU  Reimfs  aod  Fuel  Resources 


Continent  or 
Region 


Reserves 


^    ^  ^  .  Energy 


Total 
Resources' 

{biUion  short  tons) 


Energy 
Content' 

iguadrittion 
Btu) 


Africa 
Alia 

Europe^ 

U.S.I^ 

Noilft  America 
South  America 
Oceania 

Totai^ 


19 
130 
192 
151 
229 
7 
58 

786 


398 
3J47 
3.270 
2,328 
5,478 
128 
822 

15,572 


106 
1.223 

770 
6.294 
3.978 
32 

279 

12.682 


2.209 
29r.5l5 
13.128 
97.294 
94,993 
594 

3.975 

241.708 


*l»>plftc«  coti  accoverabiKy  approximndy  SO  percent 
^Omi  may  aol  add  lo  total  due  to  rQundmt. 

Source  World  Energy  Conference.  Smticv  of  Enrrfc\  Rr»4mnes  1976  Table  I 


the  total  resource  recoverable  would  be  approxi- 
mately 6341  billion  short  tons. 

At  the  1977  WorW  Eneiigy  Conference  it  was 
pointed  out  that  the  reserves  considered  techni- 
cally and  economically  recoverable  constitute  only 
6  percent  of  resources,  and  is  probably  low.  This 
was  attributed  to  use^  (rf  extremely  strict  criteria 
for  assessing  and  evaluating  reserves.  In  addition, 
the  50  percent  recoverability  factor^ may  be  too 
low**-«  point  brou^t  out  in  greater  detail  by 
Pkul  Averitt.'  Averitt  has  also  estimated  world 
coal  resources.  His  estimated  total  resource  figure 
for  coal  in-place  is  16,620  billion  ^hort  tons— a 
figure  31  percent  higher  than  the  World  Energy 
'  Conference  estimate.'®  Either  estimate  is  tar  in 
excess  of  tiie  amount  usable  within  the  time 
horizon  of  this  study. 

At  the  1976  rate  of  coal  consumption  (3.7  billion 
short  tofis  per  year)  coal  reserves  would  last  for 
•  212  years  while  recoverable  resources  (total  re- 
sources at  50  percent  recoverbbility)  would  last 
approximately  1,700  years.  Growth  rates  much  in 
excess  of  zero  would  sharply  decrease  these 
numbers.  Still,  coal  is  the  world's  most  abundant 
fossil  ftiel. 

In  contrast  to  the  situation  as  regards  other 
fossil  fuels,  the  Western  nations  (the  United 
States,  Canada,  and  Western  Europe)  have  56 
percent  of  world  solid  fuel  resources  based  on  Btu 
content.  The  U.S.S.R.  has  15  percent,  and  the 
rest  of  the  world  has  29  percent.  Much  the  same 
distribution  occurs  for  resources. 

Most  resource  estimators  would  say  the  world 
possesses  abundant  coal,  fairly  evenly  distributed 
over  the  various  continents.  Because  of  the  Jarge 
quantities  of  coal  alre^y  located,  there  has  been 
little  effort  undertaken  in  coal  deposit  research  or 


exploratidn.  Even  more  potential  may  exist  be- 
yond the  potential  already  estimated. 

Not  all  resource  invest^ors  are  in  agreement 
as  to  the  magnitude  of  the  resources  of  what  is 
commonly  called  our  most  plentiful  foss'l  fuel. 
Gunther  Fettv  ^is  analyzed  worldwide  coal  re- 
sources with  more  emphasis  on  technical  and 
economic  &ctors  and  came  up  with  a  world  total 
recoverable  resource  figure  of  1,130  billion  short 
tons.  He  also  pointed  out  that  worldwide  distri* 
bution  of  this  smaller  resource  quantity  may  be 
rather  uneven. 

Nuclear  Fuels 

Uranium  is  the  fuel  used  to  produce  nuclear 
energy.  Unlike  other  fuels,  the  technology  used 
will  determine  the  final  quantity  of  enei^  avail- 
able. Assuming  light-water  reactor  technology,  the 
uranium  requirements  for  a  1,000  megawatt  elec* 
trical  nuclear  powerplant  is  about  5,400  short  tons 
over  its  lifetime.  (A  megawatt  is  10^  watts.)  If  the 
spent  fiiel  is  recycled  and  the  unused  uranium 
recovered,  this  requirement  would  decline  by 
about  17  percent.  Similariy,  recycling  the  plulon- 
ium  in  spent  fuel  would  fiuther  reduce  uranium 
requirements  by  an  additional  18  percent.  Life- 
time requirements  for  various  nuclear  powerplant 
capacities  are  shown  in  Table  11-11. 

Note  that  in  Table  11-12  total  worid  resources 
of  4,900  thousand  short  tons  of  uranium  wouM 
thus  fuel  only  800  gigawatts  (800  billion  watts)  oi 
light'water  reactor  (or  equivalent  technology) 
plants.  As  a  fiiel  for  the  present  generation  ojf 
burner  reactors,  uranium  resources  now  represent 
a  source  of  limited  potential,  comparable  in  mag- 
nitude to  that  of  the  remaining  recoverable  re- 
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TABLE  11^11 

Ufethne  Uraniuni  Rcquirhiieiits  fo^ 
Nuclear  Powerplmts 


ifltUUed  Lifetime 
Niidew  Captcity  Unmium  Requirements 

{Gigan  iitts)  {1.000  short  tons) 


100 

600 

200 

1.200 

300 

1.800 

400 

2.400 

500 

3,000 

600 

3,600 

700 

4,200 

800 

4.800 

Stmrce  Library  of  Congms  Confmsiofial  Rc«c«rch  Sctvkc.  Prefect  imenlc- 
HAdtHCc.  p  2t5 


sources  (tf  oU  and  gas.  The  breeder  reactor,  if 
deployed,  would  increase  the  energy  output  fix>m 
this  fiiel  by  a  fector  of  jfrom  60-100  times.  For  this 
reason  stress  nas  been  placed  by  many  on  building 
breeder  reactors.  As  a  counterpoint,  the  Nuclear 
Energy  Policy  Study  Group  has  stated:  "The 
current  assessment  of  iiranium  reserves  probably 
substantially  understands  the  supplies  that  will 
become  available;  uranium,  at  prices  making  light- 
water  reactors -competitive  with  breeders,  will  be 
available  for  a  considerably  longer  time  than 
previously  estimated.  New  enrichment  technolo- 
gies may  alsb  extend  these  supplies."  >^ 

Their  estimate  of  4,876  thousand  short  tons  of 
uranium  at  $30  per  pound  or  less  is  comparable  to 
the  4,900  thousand  short  tons  of  the  World  Energy 
Conference. 

Research  continues  on  not  only  the  breeder 
reactor  but  on  new  types  of  uranium-  and  thorium- 


cycle  burners.  Staatz  and  Olson  have  come  up 
,  with  a  worldwide  estimate  of  1,435  thousand  short 
tons  of  thorium  oxide  recoverable  primarily  as  a 
by  product,  an  additional  120,000  short  tons  of 
grade  higher  than  0.1  percent,  and  902,000  short 
tony  of  lower  and  0. 1  percent  grade.  In  the  United 
States,  the  only  fuel  use  oS  thorium  was  in  high- 
temperature  gas  reactors. 

Hydraulic  Resources 

Conventional  hydroelectric  developments  (ulti- 
mately using  solar  energy)  use  dams  and  water- 
ways .to  harness  the  energy  of  falling  water  in 
streams  to  produce  electric  power.  The  significant 
differences  between  hydropower  energy  resources 
and  fossil  and  nuclear  fuels.  are: 

^  •  Hydraulic  resources  are  renewable. 

•  The  total  potential  of  hydraulic  resources  is 
small  compared  to  fossil  fuel  resources.  Thus 
their  full  development  could  account  for  only  a 
small  part  of  total  energy  requirements.  Total 
1976  world  energy  consumption  was  approxi- 
mately 250  quadrillion  Btu.  Even  if  all  hydro- 
electric resources  were  developed,  they  could 
supply  only  33.1  quadrillion  Btu. 

•  Hydraulic  resources  often  have  other  uses — in 
navigation,  flood  control,  and  irrigation — that 
could  interfere  with  power  generation. 

•  Hydi^aulic  resources  convert  potential  energy  to 
kinetic  energy  principally  for  electrical  genera- 
tion purposes,  whereas  other  energy  sources 
first  produce  heat. 

The  developed  and  undeveloped  conventional 
hydroelectric  resources  of  the  world  are  deline- 
ated in  Table  11-13.  Of  the  total  eaimatcd  capac- 


TABLE  11-12 
World  Uranium  Resources 


c5 

Quantity 

Recovenble 

Energy 

Addtti6nai 

Continent  or 

at 

Content 

Resources* 

Rqpon 

$10-$35/lb 

{quadrillion 

{1.000  short 

{t.OOO  short 

Btu) 

tons 

tons  V^i 

Afncft 

306 

K224 

96 

Am 

41 

164 

34 

Europe 

421 

1,686 

91 

North  Americft 

'770 

3,080 

2,740 

South  AmerK^i 

21 

85 

23 

Oceania 

268 

1.074 

89 

Total  WorM 

1.827 

7,313 

3,073 

Enei]gy 
Content 

{quadrtllion 
Btu) 


383 
137 
364 

10,958 
92 
357 

12,291 


Total 
Quantity 

{LOOO  short 
tons  U)oJ 


402 
75 
512 
3,510 
44 
357 

4,900 


Total 
Ener]gy 
Content 

{Quadrillion 
Btu) 


1,607 
301 

2,050 
14,038 
177 

1,431 

19,604 


kSlm  "MttiiiW  b^  wM  rMctor  technology  Convrmon  %clon  400  bllion  Btu/shon  ion  for  light-water  retctoiS.  breeder,  wouid  be  60- 100  i,mes 

*lMhidn  iM  Mkflltd  ud  Mbrrad  retoarces  »  •Mhioo  to  quantity  rtcomaUe 
Sonrrr  WorW  EiMrgy  CoiMlertiic*.  i«71 


ERIC         .  2t)  ? 


FUEL  MINERALS  PROJECTIONS 


195 


ity,  some  14.2  percent  has  been  developed.  This 
.developed  capacity  is  capable  of  generating 
K348,SS4  gigawatts  or  13.9  percent  of  the  potential 
hydropowcr  generation  capability  of  the  world. 

Of  the  undeveloped  capacity  lef,  sparsity  of 
population  and  remoteness  fh)m  population  cen- 
ters with  large  energy  requirements  leave  the 
economic  development  of  many  undeveloped  sites 
in  considerable  doubt. 

Tidal  enei;gy  is  a  form  of  hydraulic  resource 
similar  to  conventional  hydropower.  The  nuyor 
differences  are: 

•  Ocean  tides  are  bidirectional,  flowing  in  twice  a 
day  and  out  twice  a  day. 

•  Construction  materials  mu!»t  be  much  more 
corrosion-resistent  than  those  used  for  fresh 
water  facilities. 

•  Tlie  hydrostatic  heads  available  for  tidal  energy 
use  are  small  compared  to  conventional  hydro- 
power  installations. 

Tidal  and  topographic  factors  combine  to  make 
energy  conversion  practicable  at  nearly  100  sites  *^ 
around  the  world.  The  sites  considered  most 
viable  are  listed  in  Table  11-14. 

Geothermal  Energy 

Geothermal  energy  is  the  natural  heat  of  the 
earth.  The  earth's  temperature  increases  toward 
the  core,  primarily  because  of  natural  nuclear 
decay  and  the  frictional  heat  of  moving  masses  of 
rock.  The  diffuseness  of  this  energy  limits  its 


TABLE  11-13 

Developed  and  Undeveloped  Conventwiud 
Hydroelectric  Resources  of  the  World 


Developed 
Capacity  {meaa^x  atts) 

Average  annual  generation  {yifiitwutt  Ihritrs) 
Energy  content  of  annual  generation 
(quad  nil  I  on  Btu)* 

Undeveloped: 
Capacity  (w<'>f«iu/ns)  1 
Average  annual  generation  iaifia^^  att  lutnrs)  8 
Energy  content  of  annual  generation 

iquadnllutn  Btu)* 

Total 

^Capacity  2 
Average  annual  generation  {yij^u^^att  hours)  9, 
Energy  content  of  apnual  generation 

{quaJnIlum  Btu)"^ 


315.137 
.348.554 

46 

.911.666 
.351.720 

28  5^ 

.226.803 
.700.274 

33  I 


*B««(J  on  dtfect  (.on version  of  avcrat^  ^nuai  jenerim>n  m  kilowr*lt  houn  to 
Blu  1  kWh  )  412  Biu  th«  Actual  enerjy  eonifnt  torrofK»ndm|  to  100  percent 
(fftctencv 

WorW  Fner|>  i  unf«rf  nve  1*^7^ 


usefulness  to  areas  where  it  is  concentrated  into 
restricted  volumes. 

Reserves  and  resources  of  geothermal  energy 
must  be  distinguished  from  the  resource  base, 
defined  as  all  of^  a  given  material  in  the  earth's 
crust,  whether  its  existence  is  known  or  unknown 
and  without  consideration  of  recovery  cost.  For 
geothermal  energy,  this  resource  base  is  all  of  the 
heat  in  the  earth's  crust  (its  mean  surface  temper- 
ature is  about  15""  C).  The  U.S.  Geological  Survey 
(USGS)  has  estimated  that  the  worldwide  heat  in 
the  earth's  crust  to  a  depth  of  10  kilometers  is 
about  10^*  Btu."  This  is  approximately  4  million 
times  the  energy  consumption  for  the  world  in 
1975.  For  the  U.S.  alone,  the  USGS  estimate  of 
earth  heat  is  2  x  10"  Blu. 

Obviously  only  a  small  proportion  of  this  large 
'^source  base  can  be  considered  a$  a  resdurce. 
Not  only  would  it  be  uneconomic  and  technologi- 
cally infeasible,  but  seismic  disturbances  might 
result  if  any  substantial  fraction  of  the  heat  were 
extracted.  The  proportion  of  this  resource  base 
that  is  ^  resource  depends,  to  a  significant  degree, 
on  the  following  factors: 

•  Depth  of  extraction 

•  Assumed  temperature  distribution 

•  Effective  porosity,  specific  yield,  and  permeabil- 
ity Of  the  reservoir  rv)cks 

•  Physical  state  of  the  fluid  (water  or  steam) 

•  Available  technology 

•  Economics  of  uses 

•  Government  policy  vis-^-vis  research  and  devel- 
opment, leasmg,  environmental  constraints,  etc. 

Many  of  the  variations  in  published  estimates 
of  geothermal  resources  are  caused  by  assump- 
tions that  differ  concerning  the  above  factors. 

The  U.S.  Geological  Survey  has  identified  these 
m^or  categories  of  the  geothermal  resource  base: 

Hydrothermal  convection  systems.  These  m- 
volvc  circulating  hot  water  and  steam  that  tfansfer 
heat  from  depth  to  the  near  surface. 

Hot,  young,  igneous  (volcanic)  systems.  These 
occur  where  molten  magma  generated  deep  within 
the  earth  intrudes  into  the  shallow  crust.  Temper- 
atures are  elevated,  but  there  is  an  absence  of 
natural  fluid  to  carry  the  heat  to  the  surface. 

Conduction-dominated  environments.  These 
consist  of  large  areas  where  the  heat  is  transferred 
from  the  interior  of  the  earth  by  conduction 
through  solid  rocks. 

At  present  the  types  of  geothermal  energy 
demonstrated  to  be  economic  are  from  the  hy- 
drothermal c  ^vection  systems.  They  are: 
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TAbLE  11^14 

M^or  Tidal  Pbwer  Project  Sites,  Operational  and  Potential 


Approximate  Average 
Tidal  Range 

(meters) 


I    OPERATIONAL  PROJECTS 

Ranee,  near  St,  Malo.  France 

Kisltya.  Cuba,  (pilot  plant)  40  miles  north  of  Murmansk.  Russia  2Vz 

.  ,  II    POTENTIAL  PROJECTS 

United  States: 

Cook  Inlet,  Alaska  (Tumagain  Arm  and  Knik  Arm  Al) 

Ptossamaquoddy.  Maine  (M2) « 
Canada: 

Minas  Rasin  (B9)< 

Shcpody  Bay  (A6)« 

Cumberland  Basin  (A8)« 
England: 

Severn  River  Estuary,  near  Bristol* 
Solway  Firth* 
Morecambe  Bay 
Carmarthan 
France: 

Minquiers  (Coientm  Peninsula) 
Chauscy  (Cotentin  Peninsula) 

Argentina: 

San  Jwe.  Gulf  of  San  Jose.  Chubut  Province  Valdez  Peinnsuia* 

Santa  Cniz  River 

f^Jerto  Gallegos 

San  Julian 

Deseado  Estuary 
Russia: 

Gulf  of  Mezen.  Whue  Sea* 

Okhotsk,  northern  end  of  Kamchatka  Pfeninsula 

Kuloi  Estuary 

Lumbovskaya  * 
Australia: 

Secure  Bay ' 

Wiikott  Inlet 

George  Wafer 
St,  George  Basin 
Pcopte's  Republic  of  Chna- 
Chientang  Kiang  * 
Gulfof  Fuchin  Wan 

Gulf  of  Shmhwang  Wan  * 

Gulfof  Sanmcn  Wan 
Brazil- 

ItHui' 

Sao  Luis 
India:  Bhaunagar 
ii^orihem  Ireland. 

Sthmgefoid 

C  riingford 
Guinea  Bissau-  Porto  Gole 
North  Korea:  Yangkakto 
South  Korea:  Inchon 


8 

II /j 
9'/j 
10 

9 
5 
6 

5V: 
8 


6 

7V; 
7V: 
6 

3V: 

6V; 
6 

6V; 
4V; 


7 
12 


5 
8 
7 

3 

Vh 

Vh 
6 


Average  Annual 
Energy  utJCput 

hours) 


540* 


10.950* 
2,100'* 

lo.a?**" 

2.%7< 
2.352'» 

20.000»» 

lO.OOO** 
7.000*' 

50.000 
34.000 


9.000^ 
4,000* 
2,000* 
400* 
700*' 

2.600* 

1.300* 
900* 

1.700 
4.000 

2.500 
3.'' 


2,000* 
1.300* 


Capacity 

{megaw'aus\ 


240- 
0  4« 


2.600* 
1.000^ 

3,200* 
920" 
795'« 

4.000* 
5.000* 
4.000* 
2.000* 

15.000* 
6.000 
to  12.000* 

1.000* 


1,300* 
25.000* 
500* 
400* 

600 
1.300 

800 
1. 000 

7.000* 
1.000* 
1.000* 
1.000* 


•Acnwloulpul  ofplam  inoperaiiott  "  -  — 

^PMtHM  oMpm  or  potMbIc  Khemc  for  tidai  power 

•Known  Of  Mwved  to  be  under  fo-  naJ  study  by  (he  governmeni 

•n»nn«l  oulpiii  for  plant  m  de»«n  of  formaJ  planning  stage 


200* 
I20»» 


400 


Admmisirationi 
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•  Vapor-dominated  fields,  which  produce  dry 

A  ^  at  temperatures  suitable  for  power  gen- 
>n. 

f  umperaturc  hot  water  field  ,  which  pro- 
duvt-  ^'a.  Ii  steam  suitable  for  pov/er  gmeration 
^d  a  large  quantity  of  hot  water  suitable  for 
low-grade  heat  applications. 

•  Moderate-temperature  hot  water  fields,  which 
produce  large  quantities  of  water  for  low-grade 
heat  applications. 

There  [$  a  high  degree  of  uncertainty  in  estimat- 
ing quantitative  reserves  of  any  subsurface  re- 
source. Geothermal  energy  development,  being  a 
relatively  new  field,  has  limited  data  available  for 
estimating  purposes.  At  present,  only  the  United 
States  has  made  any  f  Tort  to  estimate  its  re!»erves 
of  both  low-grade  ana  high-grade  geothermal  re- 
sources (Table  11-15).  The  regional  conductive 
environments,  which  include  geopressured  zones 
containing  exploitable  quantities  of  methane  gas, 
show  only  trapped  heat. 


The  U.S.S.R.  and  ^Hungary  are  the  only  other 
countries  that  have  published  data  on  low-grade 
geothermal  energy  resources.  Hungary  has  identi- 
fied systems  containing  reserves  (represented  by 
water  at  iQKf  C  equivalent  to  2  billion  barrels  of 
oil.  It  has  been  estimated  that  economically  ex- 
ploitable thermal  waters  underlie  50-60  percent  of 
the  territory  of  the  U.S.S.R.  The  estimate  of 
producible  reserves  of  thermal  waters  at  depths  of 
1,000-3-500  mi  ^rs  and  temperatures  of  50-130^  C 
is  equivalent  to  the  heat  of  combustion  of  490,000 
barrels  of  oil  per  day. 

As  for  the  rest  of  the  world,  the  amount  of  low- 
grade  energy  is  assumed  to  b^  very  large.  This 
energy  would  be  suitable  fot*  space  heating  as  well 
as  agricultural  and  industrial  application.  High- 
grade  geothermal  resources  suitable  for  power 
generation  are  far  more  restricted  in  glob; '  distri- 
bution and  quantity  but  could  furnish  significant 
energy  for  countries  in  geologically  favorable 
zones. 


TABLE  11-^15 

Estimated  Heat  CozUent  of  Geothermal  Resource  Base  of  the  United  States 


Heat  in  the  Ground 


Recoverable 
with 
Current 
Technology 


Identified  Systems 

Identified 
(+  Estima** 
for 

Undiscovered) 

Identified  Systems 

Number 

Heat 
>ntent 
(10'=^  Btu*) 

Heat 
Content 
(I0»*  Btu*) 

for  30  years ) 

Hydrothemal  convection  systems  (to  3  km  depth,  10,000  ft, 
near  the  maximum  depth  dnlled  m  geothermal  areas) 
Vapor*<iom mated  (steam)  systems 
High-temperature  hot  water  systems  (over  150^0 
Intermediate -temperature  hot  water  systems  (W-150X) 
Total 

3 
63 
224 

290 

104 
1,480 
1,380 
2.964 

200 
6.400 
5.600 
12.200 

U590 

;  0,100 

27,500'» 

Hot  Igneous  systems  (O-IO  km) 
Molfn  parts  of  48  best  known  systems,  includmg  Alaska 
and  Hawaii 

Crystallized  parts  and  hoi  margins  of  same 
Total 

52.000 

48.000 
100.000 

400,000 

Huge 
potential 

Regional  conductive  environments  (0-10  km.  all  SO  states 
subdivided  'ntr  19  heat-flow  provinces  of  3  basic  types. 
Eastern,  Basin^and- Range,  and  Sierra  Nevada) 

Total.  "  states 
J^verajl  total  (as  reported)* 

32,000,000 
32.103.000 

32.000,000 
32,412,000 

30,800^ 
70.000 

•»0'»  Blu  equiviknl  to  heat  of  tombu^tion  of  1  74  million  barrr k  of  petroleum  <>f 

W  million  short  Jon<  of  toii 

*Nunckc(rK.«l  use.  v«Jn'  is  el— tried  equivalent 
*CiCix9rcuured  resources  oni       ve^t  e^ttniMe  does  not  include  methane) 
'To  .s  m<sy  not  add  due  to  iikM-pendent  ruundmg 

\,Mini'  D  F  White  anc  D  L  Williams  eds   (leologK-aJ  Survey  C  irtular  726.  197^ 
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As  of  1977,  17  geothermal  powerplants,  repre* 
senting  1,472  megawatts  capaciiy,  were  either  *  *on 
line''  or  slated  for  1977  or  later  (Table  11-16). 
Lx)w-grade  geothermal  heat  applications  represent 
an  additional  1,298  megawatts  of  capacity. 

OU  Shale 

The  term  oil  shale,  as  crmmonly  used,  covers 
a  wide  variety  of  laminated,  solidified  mixtures  of 
inorganic  sediments  and  organic  matter  that  have 
the  common  properly  of  yielding  oil  (shale  oil) 
upon  destructive  distillation  but  are  only  slightly 
susceptible  to  the  action  of  solvents.  Shales  or 
hard  clays  partly  or  completely  saturated  with  oil 
from  an  outside  sou.ce  are  not  considered  true  oil 
shale^.  Shale  oils  have  extremely  complex  physi- 
cal and  chemical  properties  that  vary  with  the 
type  of  shale  from  which  they  are  produced  and 
the  conditions  under  which  they  are  distilled  from 
the  source  rock. 

Estimates  of  identified  shale  oil  resources 
throughout  the  world  in  oil  shales  richer  than  10 
gallons  per  ton  are  shown  in  Table  11-17.  The 
quantities  shown  as  recoverable  paramarginal  re* 
sources  in  the  right-hand  column  of  the  t-ible 
represent  the  more  accessible,  higher-grtde  por- 

TABLE  11-16 
Geothermal  Powerplants 


Field 

Present 
Plant 
Capacity 

Date  of 
Initial 
Operation 

Larderello.  Italy* 

380 

1904 

Wairaket,  New  Zealand 

192 

1958 

Pfcte,  Mexico 

3 

1958 

Geysers,  U  S  • 

502 

I960 

Matsukawa.  Japan  * 

22 

1966 

Monte  AmiaU.  Italy* 

26 

l%7 

Otake,  Ja|>an 

23 

1967 

Pauzhetsk.  USSR 

6 

l%7 

NamafjaJl,  Iceland 

^ 

1969 

Kawerau.  New  Zealand 

10 

l%9 

Tiwi,  Philippines 

10 

1969 

Cerro  Prieto.  Mexico 

70  . 

1973 

Onikobe.  Japan 

^  25 

1975 

Ahuschapan.  El  Salvador 

30 

1975 

Hatchobuni,  Japan 

50 

1976 

iCttsukonda,  Japan 

50 

Krafla,  Iceland 

70 

1977'' 

ToUl 

1,472 

'Ftdds  producmg  from  dry  m earn  r«avoif^  The  remiinder  Are  h«i  w^icr 
reserve  ri 

SiHtnr  Adapted  fmm  P  K  Takahuhi  and  B  (hen     Oeoihermii  Reserv 
EnglMcnng  "  (,r,>fhrrmal  fnrri>x   MuKd  ,m    vol    1    no    10    197^    for  the 
Commute*  on  N«lurai  Resource*  U  N  i  conomK^  ind  Stxial  (  ounvJ.  Sinin^ 

of  ihf  U%r  ttf  (irothrrmul  fmrifx  and  fnlun  t^r^nfuuti  fnr  l)(  i  ,l,>f)ntn 
Count rir\  (E/C  7/M  28)  Feb  1V77 


tions  of  the  deposits.  Some  I  nown  oil  shale 
deposits  have  been  only  partially  appraised,  or  not 
appraised  at  all.  Geological  studies  indicate  that 
large  oil  shale  deposits,  as  yet  unknown,  probably 
exist  outside  the  areas  of  known  shale  oil  re- 
sources. These  possible  unidentified  resources 
(termed  specu  ive)  are  thought  to  be  many  times 
as  large  as  the  identified  world  shale  oil  resources. 

Hypothetical  oil  shale  resources  (in-place  oil) 
for  the  world  are  450  billion  banels  for  the  25-100 
gallon  per  ton  shale  and  8,800  billion  barrels  for 
the  10-25  gallons  per  ton  material.  Speculative  oil 
shale  resources  (in-place  oil)  aie  estimated  at 
15,200  billion  barrels  and  318,000  billion  barrels 
for  the  two  grades,  respectively.*'  Exploitation  of 
these  resources,  if  eventually  discovered,  is  ex- 
pected to  be  so  far  in  the  fbture  as  to  have  no 
relevance  for  the  year  2000. 

Outside  the  United  States,  the  largest  known 
deposit  is  the  Irati  shale  deposit  in  southern 
Brazil.  Although  some  of  the  other  known  depos- 
its in  countries  other  than  the  United  States  are 
richer,  they  are  not  nearly  as  large.  Surface 
mining  operations  are  anticipated  for  the  Irati 
shale  in  Brazil.  The  shale  is  medium  grade, 
containing  about  8  percent  kerogen  by  weight. 
Shale  oil  production  costs  should  be  reasonable, 
and  prospects  for  future  shale  oil  production 
appear  good. 

In  the  People's  Republic  of  China,  the  Manchu- 
rian  oil  shale  deposits  presently  being  exploited 
overiie  thick  coai  deposits.  After  stripping  off  the 
overburden,  the  oil  shale  is  mined  by  open  pit 
methods;  this  is  followed  by  mining  of  the 
coalbeds.  The  grade  of  shale  varies  but  probably 
averages  about  15  gallons  per  ton.  The  mining  of 
both  oil  shale  and  coal  in  this  manner,  plus  fairly 
efficient  processing,  results  in  relatively  low  costs. 
Shale  oil  production  is  t  *lieved  to  be  economical, 
especially  if  shale  oil  is  regarded  as  a  by-product 
of  coal  production. 

In  the  U.S.S.R.  there  are  a  number  of  oil  shale 
deposits,  but  the  one  of  primary  interest  lies  in 
Estonia  and  the  adjacent  Lenin^^  region.  This 
deposit  is  estimated  to  contain  about  22  billion 
tons  of  oil  shale,  of  which  about  15  billion  tons 
are  considered  rich  enough  and  thick  enough  to 
mine.  For  many  years  underground  mining  was 
used  almost  exclusively.  About  10  or  15  years 
ago.  open  pit  mining  was  introduced,  and  its  use 
has  been  expanding.  As  a  result,  mining  costs 
have  been  reduced.  The  U.S.S.R.  has  recently 
been  increasing  its  oil  shale  output.  A  doublrg  is 
tentatively  indicated  as  the  goal  by  the  early 
1980s.  20 
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TABLE  11-17 
Identified  Shak  Oil  Reserves  of  the  Worid 

{BiUions  of42-f(ulion  barrels ) 


Oil  in  Place  Rccovcra- 
 ble  Para- 


25-100 
gallons 
per  ton 

10-25 
gallons 
per  ton 

marginal 
Shale  Oil 
Resources 

North  America 

600 

1,600 

80 

South  Amenca 

SmaU 

800 

50 

Europe 

70 

6 

30 

Afnca 

100 

Small 

10 

Asia 

90 

14 

20 

Australia  and  New 

SmaU 

1 

Small 

4  Zealand 

World  toUls 

860 

2.400 

190 

•Uiw^  prwent  l«chiiolo|y  and  coosrienng  onJy  the  Imher-grade  more  tccev 
tibk  port  tons  oT  depot  lU.  inclutM  m  the  oii  in-plftce  figiret 
Snune    US   Geo*Ofic«l  Survey    Unfied  StuWs  ^4inera(  Restumts  USGS 
ProfeuMfiri  Piver  82J,  1973 


Aporoximatcly  one-tenth  of  an  estimated  100 
biUion  barrels  oi  oil  in  known  shale  deposits  in 
Zaire  is  in  deposits  of  relatively  high  quality,  and 
there  appearr>  to  be  some  possibility  of  eventual 
deveiopnr.em. 

In  Scotland,  once  a  center  of  shale  oil  produc- 
tion, high-grade  reserves  have  been  depleted,  and 
there  appears  to  be  little  prospect  for  future  shale 
oil  production. 

Tar  Sands 

Tar  sands  are  sedimentary  rocks  or  sands 
containing  a  heavy  asphaltic  substance  called 
bitumen.  Characteristics  of  tar  sands  vary  from 
one  deposit  to  another  with  respect  to  both  the 
host  rock  and  the  impregnating  material.  The 
sands  and  rocks  have  void  space  *  that  are  impreg- 
nated with  bitumen.  The  impregnating  materials 
vary  from  semiliquid  to  semisolid  (and  in  some 
cases  solid)  petroleum  materii^ls.  They  range  from 
forms  oozing  slowly  from  an  outcrop  on  a  warm 
day  to  forms  difficult  to  softer,  in  tx>iling  water. 
Rock  types  include  dolomite,  limestone,  conglom- 
erate, and  shale,  as  well  as  consolidated  sandstone 
and  unconsolidated  sand. 

The  composition  of  the  rock  or  sand  is  mainly 
quartz,  silt,  and  clay.  A  typical  tar  sand  consists 
of  approximately  83  percent  sand  by  weight,  P 
percent  bitumen,  and  4  percent  water.  Bitumen 
is  usuaUy  interspersed  with  collections  of  water, 
air,  or  methane  in  the  tar-sand  beds  but  tends  to 
have  a  relatively  constant  chemical  composition 
throughout  a  given  deposit. 

Tar  sands  are  known  also  as  oil  sands,  bitumi- 
nous sands,  and  bituminous  rocks.  Traditionally, 
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they  have  been  treated  as  a  potential  petroleum 
supplement,  although  in  reality  the  organic  mate- 
rial in  tar  saiKls  is  a  form  of  petroleum.  The  real 
difference  is  that  tar-sand  oil  is  not  producible  by 
the  metliods  commonly  used  in  ordinary  oil  fields. 
The  bitu.Tien  obtained  from  tar  sands  is  too 
viscous  (5,000-50,000  P  at  50"  ^  to  be  transport- 
able by  pipeline  without  first  oeing  upgraded  to  a 
lighter,  less  viscous  oil.  Crude  tar-sand  oil,  or 
bitumen,  also  is  very  heavy  (usually  6-10^  API). 
However,  it  can  be  upgraded  by  hydrogcnation  to 
yield  a  light  syncrudc,  comparable  to  a  high- API- 
gravity  petroleum. 

Tar  sands  resources  are  illustrated  in  Table  11- 
18.  As  presently  known,  the  bulk  of  these  re- 
sources are  concentrated  in  Canada  (731  billion 
barrels  of  in-place  oil)  and  Venezuela  (200  billion 
barrels  of  in-place  oil).  The  Canadian  tar  sands 
are  concentrated  in  the  Athabasca  field. 

The  Athabasca  field  in  Alberta,  Canada,  is  one 
of  the  largest  deposits  of  oil  in  the  workl,  extend- 
ing over  21,000  square  miles."  It  is  estimated  to 
contain  626  billk)n  barrels  of  bitumen  in-place, 
with  74  billion  barrels  lying  beneath  less  than  150 
fee*  of  overburden  and  552  billion  barrels  beneath 
overburden  ranging  in  depths  from  150  to  2,000 
feet.  Estimates  of  oil  in-place  in  other  deposits 
in  the  Athabasca  region  total  105  billion  barrels. 
Thus,  the  total  in-place  estimate  for  the  Athabasca 
region  is  731  billion  barrels.  This  does  noi  include 
the  heavy  oil  in  the  Canadian  Cold  Lake  area, 
which  is  estimated  at  164  billion  barrels  in-place. 

One  estimate  of  the  oil-generating  poteirtial  of 
the  Athabasca  field  is  285  billion  barrels,  with  85 
billion  barrels  currently  possible  by  open  pit 
mining  of  near-surface  deposits,  which  are  often 
200  feet  thick.  The  other  200  billion  barrels 
woukl  have  to  be  recovered  by  in  situ  techniques. 
Another  estimate  places  the  total  recoverable 
resource  at  250  billion  barrels,  with  26.5  billion 
barrels  recoverable  using  established  open  pit 
mining  and  established  aboveground  recoverable 
techniques." 

Great  Canadian  Oil  Sands,  Ltd.  has  been  pro- 
ducing oil  from  the  Athabasca  deposit  since  Sep- 
tember 1%7.  Its  plant  is  the  only  commercial  tar 
sands  facility  in  operation.  Another  plant  (Syn- 
crude  Canada,  Ltd.)  has  been  built  and  is  ex- 
pected to  begin  operating  in  the  near  future.  There 
are  no  significant  extraction  plans  for  any  other 
area  of  the  worid. 

United  States  resources  of  tar  sands  oil  in-place 
are  estimated  to  be  a  little  over  30  billion  barrels. 
The  bulk  of  these  resources  is  in  Utal ,  whose  in- 
place  resources  of  oil  from  tar  sands  are  estimated 
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TABLE  11-18 
VS.  and  WorM  Tar-Sand  OO  Rcsoums 

{BillUms  ofhiirrels) 


Estimated  Recoverable  Oil 


United  Sutes* 
Utah 

CaMfomia 
Texas 

New  Mexico 
Kentucky 

All  other  states  combined  ^ 
Total  (rounded) 
Rest  of  the  World 

Canada « 

Venezuela* 

MaJaguy 

Albfuiia 

Trinidad 

Romania 

U.S.S.R. 

Tital  (rounded) 
Worid  Toul 


Toul  Estimated 
Oil  in-place 


O.I69-.332 
0.I24-.I4I 
.037 
0.034-.037 
1.6 
30 

731 
200 

1.750 

0.371 

0.060 

0.025 

0.024 
934 

964 


Using  Only  Surface 
•  Mining  and 
Abo  veg  round 
Processing 


Including  Use  of  in  Situ 
Procitssing 
Technology 
not  yet  Developed 


2.5-5.5* 

NE' 

26.5>85 

25(^285 

"NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

C«  y. W  Oct.  10.  1977.  p  «5)  ''''  •'^'P'*"  Oknek  tir  sands  of  the  U  S  S  R  (See  Orf  «,W 
'^Xai^^JT^*^  m  Ui«  U  S  were  eitim«led  .i  106.8  Nbofl  barrels  m  1966 

1^2, S!SS  tlTs? M^SJ  "^ZZT  "^"^  "^^^^ ^"^^  ^'^^^  ^  oy  ,„  the  Cold  Uke  Are..  wh«h 
*NE''IliH°J^IIS!S''           *  ****           petrdifcrous  belt  ve  ettnated  at  700  bUbon  btrreh 


at  about  28  billion  barrels.  2*  In-place  resource 
estimates  for  California  range  from  169  to  322 
million  barrels-*>r  Texas,  124-141  million  bar- 
rels^-and  for  New  Mexico  and  Kentucky,  about 
37  million  barrels  each.  A  number  of  other  states 
have  smaller  tar*sand  resources. 

An  estimate  of  resources  of  bitumen  recovera- 
ble by  known  niining  methods  for  near-surface 
deposits  of  relatively  easy  access  was  made  in 
1964,  based  on  a  compilation  of  information  then 
available  from  numerous  sources.  The  estimated 
resources  on  this  basis  were  2.5-5.5  billion  bar- 
rels. No  estimate  was  made  of  the  oil  that  might 
be  recovered  from  U.S.  tar  sands  if  satisfactory  in 
situ  methods  were  developed. 


Solar  Energy 

Solar  "insolation,"  the  average  rate  at  which 
solar  eneigy  strikes  the  earth  is  about  1,500  Btu/ 
ft*  per  day  or  42  X  10*  Btu/milc*  per  day.  This  is 
an  enormous  flux  of  energy.  In  one  year  an 


average  square  mile,  such  as  one  located  in 
Asheville,  North  Carolina,  receives  about  15  x 
10  <*  Btu.  By  comparison  the  total  net  energy 
consumed  in  the  U.S.  in  1^^  was  about  7.4  x 
10  Btu.  Thus,  4,900  square  miles  ^ess  than  two 
hundredths  of  one  percent  of  the  U.S.  continental 
land  area)  receives  on  the  average  the  equivalent 
of  the  total  U.S.  energy  needs  for  1976.  At  a  10 
percent  conversion  efficiency,  only  49,000  square 
miles  (or  1.7  percent  of  the  lower  48  states)  wouki 
be  required  to  produce  the  total  amount  of  eneigy 
consumed  in  the  U.S.  in  1976.**  The  difRculty  is, 
of  course,  in  attaining  the  proper  distributiof^of 
this  eneiigy  in  time  and  location  and  in  matching 
end-use  technologies  with  this  abundant,  clean 
source  of  eneigy.  Since  wlar  eneiigy  is  dispersed, 
it  is  suitable  for  a  dispersed  settlement  cf  people 
and  industry.  By  contrast,  a  centralized  and 
concentrated  society  is  needed  i>  minimize  distri- 
butk>n  k>$ses  for  efficient  use  of  nuclear  technol- 
ogy. There  are  many  ways  in  which  thermody- 
nan\ic  efficiencies  can  be  achieved  with  solar 
energy.**  Many  of  these  possibilities  have  not  yet 
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been  adequately  investigated,  but  research  in 
these  areas  is  increasing. 

There  is  currently  no  systematic  collection  of 
data  on  solar  energy  resources  or  consumption  in 
the  world.  The  following  discussion  will  delineate 
some  data  on  resources,  reserves,  and  consump- 
tion, but  many  of  the  proposals  for  use  of  solar 
energy  overlap,  or  are  contradictory,  and  esti- 
mates ba:^  >n  them  are  uncertain  and  open  to 
question. 

In  discussing  solar  energy,  it  is  necessary  to 
distinguish  between  natural  collection  systems 
(involving  indirect  use)  and  engineered  collection 
systems.  The  natural  collection  systems  (except 
for  hydropower,  which  has  already  been  dis- 
cussed) are  considered  first. 

Photo  synthetic  process  (hiomass).  It  has  been 
I. climated  that  the  W^orld  produces  150  x  10**  tons 
per  year  of  biomass,  with  an  estimated  energy 
content  of  between  1,500  and  2,400  quadrillion 
Btu  annually.  Two  ideas  under  consideration  to 
exploit  biomass  are: 

1.  The  use  of  waste  products.  It  is  estimated 
that  the  U.S.  has  a  resource  base  of  826  million 
tons  of  waste  products  per  year,  of  which  122 
million  tons  is  available  for  use.''  This  would  be 
burned  directly.  It  is  assumed  that  world  re- 
sources would  be  significantly  higher. 

2.  Energy  farms.  This  involves  cellulose  pro- 
duction, the  growth  of  oil-producing  plants,  and 
the  production  of  marine  kelp.  Under  cellulose 
production,  it  has  been  estimated  that  the  U.S. 
could  produce  10  quadrillion  Btu  of  energy  per 
year  off  10  percent  of  forest  and  range  land.^^  If 
special!  plants  that  produce  a  sap  or  latex,  which 
is  an  emuis^ion,  were  grown  on  10  percent  of 
forest  and  range  land,  the  resulting  eneigy  avail- 
able would  be  between  0.5  and  25  quadrillion  3tu 
per  year.  It  has  been  estimated  that  the  growth 
of  kelp  on  submerged  mesh  in  the  ocean  and 
conversion  of  the  kelp  to  methane  by  anaerobic 
digestion  has  a  resource  potential  for  the  world  of 
1,200  quadrillion  Btu  per  year,  and  for  the  United 
States  of  23  quadrillion  Btu.^'*  It  cannot  be 
stressed  too  strongly^  the  economic  and  technical 
feasibility  of  these  processes  has  yet  to  be  dem- 
onstrated. 

Wind.  Some  of  the  solar  energy  striking  the 
earth  is  converted  into  the  kinetic  energy  of  air 
currents.  Although  data  are  sketchy,  information 
on  wind  velocity  patterns  indicate  certain  areas  as 
having  strong,  fairly  constant  winds.  One  method 
of  estimation  of  total  wind  energy  is  based  on  the 
natural  rate  of  regeneration  as  indicated  by  a 
summation  of  surface  friction  in  latitude  belts  5"" 
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wide.  This  method  indicates  that  the  total  energy 
dissipation  rate  overland  in  the  Northern  Hemi- 
sphere in  winter  would  be  about  167  x  10'  watts, 
and  24  x  10'  watts  at  the  same  time  on  land  in 
the  Southern  Hemisphere.  The  total  wind  energy 
generated  overland  is  therefore  about  0.19  x  10^^ 
kilowatts,  or  1,660  x  10  |^wh  (kilowatt  hours) 
per  year.  It  is  estimated  that  placement  of  wind 
turbines  175  feet  in  diameter,  spaced  16  to  the 
square  mile  over  the  entire  land  area  and  operating 
an  average  of  2,000  hr/yr  would  yield  about  120  x 
10*^  kWh/yr.'5  Scaling  this  dowfi  to  cover  2.5 
percent  of  the  area  of  the  U.S.,  or  an  area  about 
the  size  of  Utah,  would  provide  about  190  x  10' 
kWh/yr  or  about  10  percent  of  U.S.  electrical 
energy  consumed  in  1972. 

Ocean  thermal  enerf^y  conversion.  In  the  tropi- 
cal regions  of  the  ocean,  a  temperature  difiference 
of  20^  C  between  the  surface  and  deep  waters  has 
been  observed.  In  1929  Georges  Claude  demon- 
strated a  plant  to  utilize  this  heat.  The  22  kilowatt 
plant  admitted  surface  seawater  to  a  low-pressure 
evaporator,  which  provided  low-pressure  steam  to 
a  turbine.  More  recent  proposals  suggest  utilizing 
an  indirect  vapor  cycle.  A  secondary  working 
fluid  such  a^  ammonia,  freon,'  or  propane  would 
expand  through  a  turbine  at  higher  pressures. 
Cycle  efficiency  would  range  between  1.6  percent 
and  3.2  percent.^*  The  estimated  power  capacity 
that  can  be  utilized  in  water  adjacent  to  the 
United  States  is  2,000  megawatts. 

Hydropower.  This  has  already  been  discussed 
above. 

In  addition  to  natural  collection  systems,  some 
of  the  engineered  systems  are: 

Photovoltaic s.  This  involves  direct  conversion 
of  solar  energy  into  electricity.  The  possible 
maximum  annual  contribution  to  the  United  States 
has  been  estimated  at  25  quadrillion  Btu/year. 

Thermal  collection.  This  involves  direct  use  of 
heat  for  such  purposes  as  space  heating,  hot 
water,  industrial  heat,  etc.  Its  possible  contribu- 
tion to  tlie  United  States  energy  needs  is  about  7 
quadrillion  Itu  per  year.  Thermal  collection  is 
also  used  to  collect  heat  fur  heat  engines  produc- 
ing electricity.  The  possible  contribution  could  run 
as  high  as  80  quadrillion  Btu  per  year  for  the  U.S. 
alone.  The  possible  contributions  of  both'these 
systems  in  the  world  context  have  not  been 
estimated.^* 

While  few  present  estimates  of  world  energy 
supply  and  demand  through  the  year  20()0  place 
much  reliance  on  solar  power,  somt  do.  (See,  for 
example,  A.  B.  Lovin:;  in  '  Energy  Strategy:  The 
Road  Not  Taken? '2'.)  There  is  little  question  that 
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solar  already  makes  an  important  and  often  under« 
valued  contribution  to  the  world  energy  economy. 
Russell  Peterson  has  noted  correctly  that  without 
the  solar  contribution,  the  entire  earth  would  be 
more  than  40(f  F  cooler  than  it  is  now!  While  the 
potential  of  this  energy  source  is  large,  an  assess- 
ment of  its  full  potential  must  await  further 
research  and  analysis. 

Conclusion 

Large  quantities  of  petroleum,  natural  gas,  and 
solid  fuels  can  still  be  found  and  produced.  In 
addition,  there  exists  the  strong  possibility  that 
exploration  in  search  of  as  yet  undiscovered 
deposits  of  fossil  fuels  will  be  successful.  The 
probability  that  technological  advance  to  bring 


presently  unworkable  deposits  within  economic 
reach  are  also  high.  The  major  problem  is  that 
continued  exponential  growth  in  consumption  will 
exiiaust  these  large  amounts  of  resources  before 
the  transition  to  the  longer-lived  and  renewable 
fuels  can  be  made. 

The  best  summary  of  the  existing  energy  situa- 
tion was  made  by  Vincent  'Z.  McKelvey  when  he 
said: 

The  era  of  readily  available,  cheap  fossil  fuels  is 
ctosing  and  a  high  order  of  human  ingenuity  will 
be  required  to  extend  it  and  to  bring  into  use 
another  energy  resource  base.  The  time  necessary 
to  complete  these  tasks  depends  not  only  on  the 
vigor  and  imagination  with  which  new  sources  are 
sought  but  on  the  wisdom  and  restraint  exercised 
in  the  use  of  the  old.^' 
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12  Nonfuel  Minerals  Projections 


There  are  more  than  100  commercial  nonfuel 
mineral  commodities — that  is,  mineral  commodi- 
ties th^t  are  not  used  primarily  as  fuels — mined, 
processed,  and  traded  in  the  world  market  today. 
In  1973  the  value  of  all  nonfuel  minerals  produced 
in  the  world  was  $37  billion'  (excluding  processing 
and  transportation  costs),  or  about  1  percent  of 
the  gross  world  product. 

This  figure  does  not  in  itself  fully  reflect  the 
value  of  minerals  in  the  world  economy.  The 
industrial  and  agricultural  processes  that  are  taken 
^  for  granted  today  would  be  severely  disrupted  if 
any  one  of  dozens  of  critical  minerals  ceased  to 
be  available  in  dependable,  reasonably  priced 
supply.  Supply,  in  turn,  has  become  highly  en- 
ergy-intensive and  international  in  scope.  The 
industrialized  countries  are  dependent  on  im- 
ports— ^from  each  other  and  from  the  less  devel- 
oped countries  (LDCs)— for  a  portion  of  their 
supplies  of  such  basic  mineral  commodities  as 
bauxite,  copper,  and  iron  ore  (Table  12-1).  Their 
reliance  on  imports  from  the  LDCs  has  increased 
in  recent  years  as  industrial  economies  have  found 
new  uses  for  formeriy  unimportant  minerals  and 
have  partially  depleted  high-£^e  domestic  depos- 
its of  some  important  minerals.  The  less  devel- 
oped countries,  in  turn,  rely  on  exports  for  foreign 
exchange  and  on  imports  from  industrial  countries 
for  the  sulfur  and  potash  needed  for  chemical 
fertilizers.  There  arc  therefore  many  important 
questions  associated  with  prelections  of  simply, 
demand,  and  price  of  nonfuel  minerals. 

Unfortunately,  economic  projections  for  nonfuel 
minerals  are  exceedingly  difficult  ig  make.  The 
sheer  number  of  nonfuel  mineral  commodities 
present  the  first  difficulty.  Matters  are  compli- 
cated further  by  the  fact  that  significant  substitu- 
tions in  end  use  occur  when  one  mineral  commod- 
i;  y  changes  price  relative  to  another.  Finally, 
because  resources  are  not  uniformly  distributed 
geographically,  political  considerations  become 
important  determinants  of  price  and  trade  pat- 
terns. 

To  keep  the  discussion  within  bountls,  this 
chapter  focuses  on  19  nonfuel  mineral  commodi- 
ties. Six  are  included  because  they  are  basic  to 
modem  material  life  and  international  trade  (alu- 
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Mineral  Imports  as  a  Ftrcentage  of  Mineral 
Consumption^  1976 


United 
States 

European 
Economic 
Community 

Japan 

U.S.S.R.' 

Bauxite 

88 

50 

100 

44 

Chromium 

90 

95 

95 

0 

Copper 

16 

99 

93 

4 

Iron  Ore 

35 

85 

99 

0 

Le^d 

12 

85 

78 

24 

Manganese 

100 

99 

90 

0 

Nickel 

61 

90 

95 

0 

Tin 

75 

90 

90 

22 

Zinc 

60 

74 

6? 

13 

•1975 

Soune  U  S  Central  Intelligence  Agency*  ReseanS  Aid  HandbiHfk  «/£<«- 
nomit  SiaiisiHs    Sept    1977,  p   17   For  U  S  S  R   data.  V   V  Strishkov. 

Mineral  Industries  of  the  USSR.  Mming  Annual  Rfx  n^  1976.  Minmg 
Journal  (LondonK  reprinted  by  the  U  S  Bureau  of  Mines 


minum,  copper,  iron,  phosphate,  potash,  and 
sulfur).  The  remaining  13  (chromium,  fluorspar, 
helium,  industrial  diamonds,  lead,  manganese, 
mercury,  nickel,  platinum-group  metals,*  silver, 
tin,  tungsten,  and  zinc)  are  included  because  they 
illustrate  possible  future  problems. 

Projections  of  demand,  supply,  and  price  are 
taken  up  sequentially  in  the  following  sections. 
The  chapter  concludes  with  a  discussion  of  future 
issues  and  questions. 

Demand  Projectbns 

Table  and  the  map  on  the  page  following  it 
present  a  combination  of  two  sets  of  mineral 
demand  (or.  more  precisely,  consumption)  projec- 
tions for  1985  and  the  year  2000.t  One  set  of 
projections  was  prepared  by  Wilfred  Malenbaum, 
Professor  of  Economics,  University  of  Pennsyl- 
vania, in  1977*;  the  other  was  prepared  by  the 
U.S.  Bureau  of  Mines  in  1976.^  Table  12-3 
compares  these  two  projections  for  selected  min- 
erals. 

^Platinum,  palladium,  iridium,  osmium,  rhodium,  and  ruthe- 
nium. 

t Helium*  onginally  included  in  this  table,  has  been  omitted. 
The  only  available  datum  for  hebum  was  average  (1971-75) 
U.S.  demand.  570  million  cubic  feet 
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TABLE  12>2:  World  Doiuuid  for  Minenb,  1965  and  2000 


6 


Aluimnum* 

Aver.  1971-75 
UOOO  1985 
meiHc  ions)  2000 
Aver,  growth  (%) 

Chfomium  ore 

Aver.  1971-75 
UOOO  1985 
metric  tons)  2000 
Aver,  fiowth  (%) 

0>pper,  refined 

Aver.  1971-75 
19«5 

fnetric  tons)  2000 
.  er.  growth  (%) 
Diamond,  mdustriaJ 

Aver.  1971-75 
(miilkm  1995 
canus)  2000 
Aver,  growth  (%) 
Fluonpgr(Fcofileiii) 

Aver.  1971-75 
UOOO  1985 
short  tons)  2000 
Aver,  growth  {%) 

Iron  OK 

Aver.  1971-75 
imilUom  \^ 
metric  tons)  2OOO 
Aver,  growth  (%) 

Aver.  1971-75 
1985 
2000 

Aver,  growth  (%) 

Aver.  1971-75 
1985 
2000 

Aver  growth  (%) 

Aver.  1971-75 
1985 
2000 

Aver,  growth  (%) 


UOOO 

short  tons) 


UOOO 

metric  tons) 

Mercury 

UOOO 
fl^s) 


Wcitem 

Europe  Japtn 


95 
133 
189 
2.68 


4134 

5620 
8348 
2.74 


Other 
Developed 
Lands' 


U.S.S.R. 


Eastern 
Europe 


Africa  Asia 


2862 

1490 

827 

4637 

2352 

1339 

7791 

4674 

1565 

3.93 

5.19 

4.27 

3.74 

4.28 

1873 

1127 

740 

750 

744 

2951 

1836 

1140 

760 

1249 

4452 

3233 

1877 

1083 

2047 

3.39 

4.14 

3.64 

.1.42 

3.97 

2422 

922 

357 

1097 

539 

3442 

1358 

528 

1440 

785 

5231 

2181 

715 

2088 

1199 

3.01 

3.37 

2.71 

2.51 

3.]2 

40 

65 
160 
5.48 

49 

82 
142 
4.18 

21 
38 
71 
4.80 


294 
453 
884 
4  33 

184 

302 
526 
4.!2 

111 
181 
311 
4.04 


The  government  has  no  prpiections. 


53 
78 
129 
3.48 


24 

35 
49 

2.78 


97 
144 
209 
3.00 


27 
34 
50 
2.40 


4 

8 
14 
4.94 


10 
18 
33 
4.70 


The  government  has  no  prqjectkms. 


1667 
2586 
4285 

3.70 


1100 
1168 
1743 

1.79 


6420 
9500 
14696 
3.24 


1157 
1785 
2778 
3.43 


481 
820 
1513 
4.51 


1384 
2265 
3824 
3.99 


The  government  has  no  projections. 


Non- 

Latin 

United 

U.S. 

World 

America 

Chma 

States 

World 

Total 

333 

234 

4388 

7861 

12249 

599 

431 

7410 

13180 

20590 

1217 

827 

flfl71 

IJVf  J 

71^1 

36516 

5.11 

4.98 

4.29 

109 

216 

1149 

5792 

6941 

221 

375 

1347 

8916 

10263 

Iwi 

14417 

16018 

J  71 

1  'Ml 

3.57 

3.27 

278 

290 

1886 

.  6037 

7923 

473 

486 

2610 

8731 

11341 

873 

968 

I0BJ7 

4.50 

4.75 

2.06 

1  lA 

35 

50 

75 

37 

80 

117 

70 

150 

220 

4.04 

4.32 

4.23 

689 

1598 

2287 

1560 

3640 

5200 

340U 

7330 

4.04 

4.80 

4.58 

15 

23 

85 

346 

432 

25 

39 

101 

514 

615 

dm 

4o 

65 

133 

786 

919 

4.^5 

4.08 

1.74 

3.21 

2.95 

931 

2461 

3392 

1200 

3960 

5160 

1530 

6040 

7570 

1.43 

3.51 

3.14 

lv71 

1929 

18410 

20339 

1890 

1658 

2947 

27292 

30239 

3703 

3168 

4002 

44058 

48060 

4.89 

4.54 

2.85 

3.41 

3.36 

53 

183 « 

236 

53 

190 

24? 

47 

222 

269 

-0.46 

0,75 

0.50 

2Gi) 
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Aver.  1971-75 

170 

97 

17 

159* 

4 

4 

7 

161 

458 

618 

{1000 

1985 

246 

155 

24 

242 

8 

8 

13 

211 

694 

905 

metrk  tons) 

2000 

345 

245 

34 

360 

11 

14 

24 

280 

1034 

1314 

Aver,  fiowth  {%) 
Aver.  1971-75 

2.76 

3.63 

2.70 

3.19 

3.97 

4.94 

4.85 

2.15 

3.18 

2.94 

Fliotphate  rock 

35 

88 

123 

{mitti&n 

1985 

45 

162 

207 

short  tons) 

^  2000 

The  government  has  no  projections. 

69 

387 

456 

Aver,  growth  {%) 

2.64 

1  5.86 

5.17 

Platmum-froup 

27i 

Aver.  1971-75 

653 

1765 

702« 

38 

141 

34 

123 

1660 

3728 

5387 

(7000 

1985 

948 

3146 

403 

1218 

65 

242 

79 

210 

2442 

6311 

8753 

tray  ounces) 

2000 

1391 

5765 

625 

1806 

129 

418 

158 

343 

3335 

10695 

14030 

Aver,  growth  {%) 
Aver.  1971-75 

2.95 

4.66 

3.25 

3.70 

4.81 

♦.27 

6.09 

4.02 

2.72 

4.14 

3.75 

Potash 

6 

20 

26 

{million 

1985 

9 

31 

40 

short  Ions) 

2000 

Aver,  growth  (%) 

12 

2.70 

48 

3.42 

60 

3.27 

Silver 

Aver.  i3r71-75 

124 

250 

374 

{million 

1985 

160 

321 

481 

troy  ounces) 

2000 

Aver,  growth  (%) 

The  government  has  no  projections. 

230 
2.40 

450 

2.29 

680 

2.33 

Sulfur 

Aver.  1971-75 

11 

38 

49 

{pillion 

1985 

15 

50 

65 

long  tons) 

2000 

Aver,  growth  {%) 

• 

23 
2  88 

87 
3.24 

110 
3.16 

Tin 

Aver.  1971-75 

69 

33 

12 

18 

17 

2 

8 

7 

14 

53 

180 

232 

{1000 

1985 

84 

47 

15 

24 

23 

7 

11 

11 

20 

59 

242 

301 

metric  tons) 

2000 

111 

62 

22 

31 

32 

10 

14 

16 

28 

67 

326 

393 

Aver,  growth  (%) 

1.85 

2.46 

2.36 

2.11 

2.46 

6.39 

2.18 

3.23 

2.70 

0.91 

2.,'^1 

2.05 

Tungatcn 

Aver.  1971-75 

11575 

2758 

578 

6645 

3824 

685 

849 

1372 

5386 

6510 

33672 

40182 

{metric 

1985 

16860 

4310 

834 

9*>75 

6069 

1090 

1^10 

2520 

8619 

8420 

51787 

60207 

tons) 

2000 

24486 

7011 

1252 

14697 

9669  ' 

1807 

2eo8 

4761 

14080 

12006 

80631 

92637 

Aver,  growth  (%) 

2.72 

3.D3 

3.U2 

3.10 

3.63 

3.80 

4.79 

A  OA 

4.VU 

J. 77 

2.38 

J. 42 

Zinc 

Aver.  1971-75 

1555 

673 

316 

832 

452 

24 

208 

226 

190 

1160 

4346 

5506 

{1000 

1985 

2178 

1034 

459 

1296 

625 

38 

347 

378 

298 

1600 

6653 

8253 

metric  tons) 

2000 

3116 

1441 

704 

1934 

%5 

71 

574 

688 

528 

2001 

10021 

12022 

Aver,  growth  {%) 

2.71 

2.97 

3.13 

3.30 

2.96 

4.26 

3.98 

4.37 

4.01 

2.12 

3.27 

3.05 

Noif.  Avcfife  growth  m  percent  n  avenge  rowth  rate  from  1971-75  to  2000  In  calculations  of  average  powth  rales  for  ihc  Malenbaum  forecasts,  tn  which  the  base  figure  is  the  average  annual 
demand  <lurint  1971-75.  the  btte  figure  » treated  at  though  it  were  1974 demand. 
'Inchidet  Auttnaia,  CaiMda.  Israel.  New  Zealand.  South  Afnca 

^Nickel  demand  ftgurei  for  the  U.S.S.R..  Eaitem  Europe,  and  China  are  aggregated  under  USSR 
'  rtetinum^group  demand  figures  for  the  U.S.S.R.  and  EaMem  Europe  are  aggregated  under  USSR 
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TABLE  12-3 

Comiiarison  of  Bureau  of  Mines  and  Malenbaum 
Demand  Projections  for  Selected  MtiAs 
in  1985  and  2000 

ifiHiUoiu  of  mttrie  lomi) 

Other  Countrif  s       United  States 


Dur 

Maien* 

Dur 

Malen- 

Mines 

baum 

Mines 

baum 

Aluminum  * 

1971-75  (avg  ) 

8 

4 

1974 

10 

5 

1985 

13 

to 

7 

2000 

41 

24 

19 

13 

Iron  Ore 

1971-7'^  ) 

346 

85 

1974 

431 

83 

1985 

590 

514 

97 

10! 

?000 

907 

786 

117 

133 

Copper  ■ 

1971-75 (avg  ) 

6 

I  9 

1974 

48 

1  8 

1985 

9 

9 

24 

26 

2000 

\u 

14 

3  8 

3.2 

Zmc 

1971-75 (avg  ) 

43 

1  2 

1974 

4  5 

1  3 

1985 

6  1 

67 

I  9 

1  6 

2000 

84 

10  0 

28 

20 

•The  Bureau  of  Mncs  pro|€ciK>r%  4nd  ih«  M  .tcnbautn  projectwn*  fjf  these 
mincnil%  are  nut  jtrK.ily  cumparaMe  becau^e  ot  differences  in  definKioni  of  the 
«.ummoUili«>  F«  '  d  m«rc  detailed      ounlmg  seeub(c22-t 

Sounr  fjhte  12-2 


j  Neither  set  of  projections  meets  the  needs  of 
the  Global  2000  Study.  The  Bureau  of  Mines 
projections  are  for  the  United  States  and  ''rest  of 
world'*  only  and  do  not  permit  the  regional 
disag^egatiun  needed  for  this  study.  Neither  set 
of  projections  could  be  adjusted  to  mc  t  the  GNP 
and  population  assumptions  used  in  the  other 
Global  2000  projections.  The  inability  to  match 
the  vjNP  and  population  assumptions  is  |[)^^cu- 
larly  important  in  the  case  of  the  Maleiib^um 
projections,  which  assunic  tnat  mineral  demand  is 
reliably  d'^termined  as  a  function  of  per  capita 
GNP.  Tne  Bureau  of  Mines  methodology  is  not 
sufficiently  defined  io  allow  one  to  understand 
precisely  the  influence  of  GNP  and  populations 
projectic-^.s.  These  and  other  limitations  arc  dis- 
cussed i»'.ore  fully  in  Chapter  22. 

i  he  demand  forecasts  of  Table  12-2  give  a 
rough  idea  of  what  future  demand  growth  could 
be.  Collectively r the  18  mineral  commodities  (data 
wei^  unavailable  for  helium)  show  a  world  de- 
mand growing  at  an  annual  rate  of  about  3 
percent.  Three  commodities — aluminum,  indus- 
trial Jiamonds,  and  fluorspar — show  annual 


growth  rates  of  over  4  percent,  while  gro«vth  in 
demand  for  phosphate  rock  exceeds  5  percent. 

The  mineral  iKcds  of  the  world  cp.ergy  industry 
(and  the  energy  needed  to  produce  these  mii.-erals) 
have  not  yet  received  the  special  attention  and 
analysis  that  they  deserve.  The  mineral  needs  of 
the  U.S.  energy  industry  have  been  analyzed  by 
the  U.S.  Geological  Survey  based  on  the  1974 
Project  Independence  Report.  The  Survey  report 
concludes,  in  part: 

Expanded  energy  development  and  production 
1975-90  will  necessitate  a  significant  increase  in 
domestic  production  above  that  of  1973  for  most 
materials.  Averaged  over  15  years,  the  p** entities 
of  some  materi^s  needed  for  energy  be  a 
laiTge  percentage  of  1973  production  [Figure  12^1]: 
for  example,  aluminum  (30  percent),  barite  (100 
percent),  bentonite  (30  percent),  fluorite  (5*  per- 
cent), shipping-grade  iron  ore  (26  percent),  and 
tungsten  (78  percent).  [Figure  12-2]  graphs  the 
data  in  terms  of  the  percentage  of  U.S.  reserves 
needed  to  meet  the  total  energy  uemand,  1975-90. 

A  minimum  of  about  2.5  billion  barrels  of  oil- 
equivalent  (1  bbl  =  5.8  X  10*  Btu)  may  be 
required  to  produce  20  selected  mineral  commod- 
ities .  .  .  needed  by  the  energy  industries  1975-90, 
and  18.5  billion  barrels  of  oil-equivalent  to  pro- 
duce sufficient  supply  to  meet  the  overall  domes- 
tic demand  for  those  minerals  during  the  same 
period.  This  amount  of  energy,  equal  to  more 
than  half  of  the  known  U.S.  recoverable  petro- 
leum revi  ves,  is  only  a  fraction  of  the  energy 
required  to  produce  the  90  or  more  mineral 
commodities  used  in  the  total  economy.  Thus, 
imports  '  **  mineral  raw  materials  .  .  .  and  semifa- 
bricated  c-  processed  material  also  constitute 
eneiigy  imports.  Substitution  of  domestically  pro- 
duced materials  for  imports  will  further  stress 
domestk  energy  production. 

Adequacy  of  mineral  supplies  for  a  sustained 
economy  should  be  a  matter  of  deep  concern, 
particularly  in  view  of  the  large  quantities  of 
minerals  and  materials  required  fo  energy  produc- 
tion and  the  serious  consequences  in  the  event  of 
deficiencies.  As  was  evident  in  the  1973  oil 
embargo,  political  and  economic  changes  and 
mineral  shortages  can  occur  swiftly.  Our  mineral 
inventory  oevclopcd  and  ready  for  immediate 
extraction  is  nil  in  the  case  of  some  commodities, 
and  in  many  cases  is  not  equivalent  to  projected 
requirements  for  a  decade  of  U.S.  consumption.^ 

Similar  analyses  are  needed  for  world  enei^y  and 
econofhic  development  plans. 

The  regional  subcategories  of  the  demand  data 
in  Table  12-2  suggest  only  a  hiodest  increase  in 
thr.  particioation  of  LDCs  in  'vorld  industry.  Latin 
America,  Africa,  and  Asia  (including  mainland 
China)  used  only  7  percent  of  the  world*  s  alumi- 
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40         50  60 
PERCENT 

Hiure  ITr-l.  Average  annual  dcmand'by  energy  mdustnes  for  some  commodities.  I975-^V(;.  as  a 
percenUgc  of  U  S.  production  in  .973.  {Goudarj  ei  ai ,  f  S  Geohgicd  Sunev  Profesuonal 

Paper  lOOt^B.  1976) 

nu:n  production  in  l97l-.75»  9  percent  of  the  three-fourths  of  the  world  population  by  year 
CO  pcr»  and  12  percent  of  the  iron  ore.  Although  2000»  the  projections  suggest  they  will  use  only  8 
th*,  people  in  these  re:pons  will  constitute  over     percent  of  the  aluminum  production,  13  percent  of 
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Aluminum  ore 
(bauxite) 


180 


Z3 


Antimony 
Asbestos 
Barite 
Bentontte 
Chromium 
Cobalt 
Copper 
Fluorite 
Iron  ore 
Lead 

Manganese  ore 
Molybdenum  pi 
Nickel 


no  reserves  ■ 
no  reserves  - 


no  reserves 


Niobium 

Silver 

Tin 

Titanium 
Tungsten 
Vanadium 
Zirc 

Zirconium 


no  reserves 


10 


20 


30 


40 


50 

PERCENT 


60 


70 


80 


3147 


90 


100 


FiKure  lJ-2.  Ptrcentage  of  U  S.  reserves  needed  to  meet  total  energy  demand  for  some 
commodities.  975-90  (Goudani  ft  al ,  U.S  Geological  Survey  Professional  Paper  1006^,  1976) 


the  copper,  and  1 7  perxent  of  the  iron  ore.  This  is 
considerably  short  of  the  goa)  (set  at  the  U.N. 
Industrial  Development  Oiiganization  Conference 
in  Lima  m  1975  and  endorsed  by  the  Seventh 


Special  Session  of  the  U.N.  Geneml  Assembly^) 
of  expanding  the  share  of  Third  Woild  countries 
in  world  industrial  production  to  25  percent  by  the 
year  2000. 
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THE  PROlECTiONS 


Supply  Proj€ctL;ii8 

Projections  of  world  nonfuel  mineral  production 
to  2000  arc  not  available  from  government  or 
other  sources.  In  iht  absence  of  supply  estimates, 
future  world  production  can  be  assuned  to  be 
roughly  equal  to  ttie  quantity  demanded  as  pro- 
jected in  TaWc  12-2.  Since  thes^  prqjections  are 
point  estimates,  the  ''demand**  figures  must  be 
understood  to  be  amounts  of  minerals  consumed. 
Total  production,  of  course,  is  always  equal  to 
total  consumption,  neglecting  year  to  year  varia- 
tions in  inventories. 

Some  of  the  projected  increases  in  supply  (i.e., 
demand)  are  lai^ge,  and  will  require  contributions 
from  the  two  sources  of  nonfuel  minerals— viiigin 
mii'eral  commodities  and  recycled  (or  ''second- 
ary**) mineral  conrunodities.  Therefore,  the  factors 
influencing  the  availability  of  both  virgin  and 
recycled  mineral  conrunodities  need  examination. 
The  supply  of  virgin  mineral  commodities  is 
considered  first. 

The  stock  from  which  the  mining  industry 
extracts  ore  tor  piocessing  and  refining  L  termed 
reserves.  The  U.S.  Geological  Surv;y  and  the 
U.S.  Bureau  of  Mines  define  reser/es  as  *'that 


portion  of  tfie  identified  resource  from  which  a 
useable  mineral  .  .  .  commodity  can  be  economi- 
cally and  legally  extracted  at  the  time  of  determi- 
nation.*** 

The  life  expectancies  of  1974  worid  reserves  of 
18  mineral  commodities  are  shown  in  Table  12-4 
for  two  different  rates  of  demand.  The  relatively 
short  life  expenctancy  of  some  of  the  commodities 
listed  in  the  table  does  not  imply  impending 
exhaustion  but  does  indicate  cleariy  that,  in  order 
to  sustain  adequate  production  in  the  decades 
ahead,  reserves  must  be  increased  for  at  least  a 
half  a  dozen  minerals^ndustrial  diamonds,  silver, 
mercury,  zinc,  sulfur,  and  tungsten. 

Over  the  past  few  decades,  efforts  to  increase 
mineral  reserves  have  generally  been  successful. 
Of  the  six  mineials  just  mentioned,  worid  reserves 
of  five  neariy  or  more  than  tripled  from  1950  to 
1974.^  Tungsten  is^  the  onl>  mineral  commodity 
whose  reserves  have  declined  since  1950.  On  the 
other  hand,  reserves  of  iron  ore,  bauxite,  copper, 
lead,  and  platinum  increased  by  four  times  or 
more  during  the  period.  A  comparison  of  Tables 
12-4  and  12-7  shows  that  reserves  of  several 
mineral  commodities,  notably  chromium,  in- 


TABLE  12-4 


Life  Expectancies  of  1974  World  Reaerm  of  Mineral  Commodllies  of  P^ular  Concern  at  Two 

Diffcrent  Rales  of  Demand 

Life  Expectancy  m  Years 


Demand 

Demancf 

1974 

1974 

Projected  Demand 

Static  at 

Growing  at 

Reserves 

Dentand 

Growth  Rate  {%) 

1974  Level 

r.ojected  Rates 

Industrial  diamonds  (mill ton 

corats ) 

680 

75 

4.23 

9 

8 

Silver  {million  troy  ounces) 

6.000 

374 

2.33 

16 

14 

Mercury  {thousand  flasks) 

4.930 

236 

0.50 

22 

21 

Zinc  (million  short  tons) 

260 

6.40 

3.05 

29 

211 

Sulfur  {million  long  tons) 

2,000 

49 

3.16 

41 

26 

'^ungsten  {million  pounds) 

3.924 

85 

3.26 

45 

28 

Lead  {million  snort  tons) 

165 

3  39 

3.14 

47 

29 

Tin  (thousand  long  tons) 

10,120 

230 

2.05 

44 

31 

Copper  (million  short  tons) 

450 

7.24 

294 

60 

3.^ 

Fluorine  {/pillion  short  tons) 

38 

2  29 

4.58 

97 

37 

Platinum  (million  troy  ounces) 

i97 

2.70 

3.75 

104 

43 

Nickel  (million  short  tons) 

60 

0.78 

2.94 

90 

44 

Iron  ore  (billion  short  tons) 

100 

0.57 

2.95 

216 

68 

Chromium  (millioh  short  tons) 

577 

2  70 

3.27 

249 

68 

Man|wiese  (million  short  tons) 

2.013 

10.22 

3.36 

268 

69 

Potash  (million  short  tons) 

11.000 

26 

3.27 

430 

84 

Phosphate  rock  {million  short 

tons) 

17.712 

123 

5.17 

K659 

88 

Aluminum  in  bauxite  {million 

1.199^ 

short  tons) 

3.840 

17 

4.29 

94 

Note  Cofrevpotidmt  dit^  for  Mtum  MM  av«4«Ut 

Sonne  R*»<rve»  uid  productiw  data  from  Buraau  of  MiMt.  kiiittrot  Irettdt  ami  Farecmtts  Oct  |97^sicejit  daia  for  industrtaJ  diamond i.  from  Bureau  of  Mine* 
Mimis  Fmcn  amd  frakkmi,  Byltettn  «7.  1*75  Profcctcd  demand  frowtli  ntti  from  Table  12-2 
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creased  appreciably  even  in  tile  few  years  1974- 
77. 

Among  the  pitfalls  of  interpreting  the  calculated 
lite  of  world  nr.ii^eral  icserves  is  the  fact  that  some 
miMS  take  much  ionger  to  exhau^^^  than  the 
average  (reserve-lifetime  figures  are  averages  that 
do  not  lake  this  into  account).  Furthermore,  mine 
output  over  time  is  not  typically  repiesented  by  a 
straight  line  to  exhaustion  and  then  a  vertical  drop 
to  zero,  but  rather  by  a  declining  curve.* 

The  demand/supp!y  prelections  of  Table  12-2 
assume  that  part  of  the  future  supply  of  prodiicts 
of  mineral  origin  will  be  recycled  mineral  C(>m- 
moditics.  What  ponion  will  come  from  recy<;led 
("secondary**)  mineral  commodities  is  rot  esti- 
mated, but  rou^h  estimates  can  he  obtained  trom 
past  experience.  In  1974.  scrap  accounted  ^'or  5 
percent  of  U.S.  aluminum  consumption,  11  per- 
cent of  chromrunu  20  percent  of  copper,  37 
percent  of  iron,  un6  39  p  rcent  of  lead,  according 
to  the  Bureau  of  Mines. 

Hv?  portion  of  the  wi  ste  stream  thf»t  is  recycled 
is  influenced  by  many  economic  factors.  Just  as 
discarded  taiLngs  from  mining  and  milling  opera- 
tions are  now  <it)metines  reworked  in  response  to 
changing  economic  conditions,  refuse  dumps  may 
someday  be  *  frined"  to  recover  some  of  the 
metals  and  other  element  previously  discards 
While  ttie  pou-nti^l  recoverable  am.ounts  have  not 
been  estimated,  it  has  N.-en  observed  by  McHale^ 
itiSLl  cumulative  v  orld  pri>duction  of  iron,  man- 
gancf^.  ami  nickel  si^ce  :  870  equals  one-fourth  of 
their  respective  present  r  >erves.  McHale  notes 
further  that  che  cumulative*  production  of  copper 
and  !^d  cqui*l  about  h'^if  o^  present  reserves,  ind 
cumulative  production  of  zinc,  ti<\.  anJ  tunjis^en 
exceed  present  leserves.  Th\s  pa»t  production  is 
either  still  in  usz  or  has  heei»  discarded  At  «.»mc 
point  in  the  future  it  may  be  •  Scape''  recover 
and  recycle  some  disouded  mmeraJs  thiin  to  min^ 
ores  of  ever  decreasing  grade. 

Price  Projcitk>ii^ 

The  Global  200O  Study  co  ild  not  obtain  nonfjel 
mineral  pnce  projections  frjm  the  Department  of 
the  InterivV  because  the  Department  docs  not 
make  such  projections.  Pnce  projections  were 
made  some  years  ago  '  ut  were  discontinued 
bfcau!^  Ihey  v.cre  heavily  criticized.  Thsi  Depart- 
ment normally  assumes  that  the  price  of  refined 
minerals  will  remain  coiistan*  in  »eal  terms  out  to 
2000,  ever  if  there  arc  significant  increases  in 
enc^'gy  costs. 

in  ^act,  the  real  price  of  most  mineral  cor,,  nod- 
ities  las  been  constant  or  dcclinmg  for  nany 


years.  Economists  have  generally  interpreted 
these  trends  to  mean  that  no  '^scarcity"  is  devel- 
oping and  that  no  real-price  increases  are  to  be 
expected.*®  "  The  trends  may  be  changing/^ 
however,  and  the  simple  extrapolations  behind 
these  projections  are  being  questioned.*^  The 
techniques  for  analyzing  intercommodity  competi- 
tion that  have  been  developed  for  eneigy  projec- 
tions have  not  yet  been  applier'  (o  nonfuel  min- 
erals. Furthermore,  developments  that  can  t)t 
anticipated  in  the  nonfuel  minerals  industries — 
increasing  eneigy  costs,  gradually  declining  ore- 
grades,  increased  recycling,  and  requirements  for 
environmental  protection — require  better  methods 
of  analysis  than  have  been  used  in  the  past  if 
important  nonlinear  phenomena  are  to  be  consid- 
ered. Figure  12-3  illustrates  the  nonlinear  in- 
creases in  energy  lequirements  from  mining  lower- 
grade  ores. 

With  diminishing  returns  in  prospect,  it  is 
plausible  that  the  price  trends  in  nonfuel  minerals 
will  change  and  real-prices  will  increase.  How 
much  increase  mi^ht  be  expected  is  open  to 
question.  Table  12-5  illustrate:^  the  prices  that 

TABLE  12-5 

Ulustradoh  of  Nonfuel  Mineral  Prices 
Extrapolated  to  2000  with  a  5  Percent  Growth 
Rate  Beginning  in  1980 


1976- 

1985 

2000 

{constant  1970  dollars) 

Aluminum  {pound  ingot) 

0  32 

0  41 

086 

rhrom-  e  ihnf^  tun.  South  Af- 

rua) 

30 

38 

79 

Copper  (pound) 

0  45 

0  58 

121 

Diamond.  Industrial  Uami) 

3 

4 

8 

Fluorspar  {short  ton  of  met- 

spar) 

61 

78 

164 

Heiium  ilOOO  iuhii  ft) 

15 

20 

42 

Iron  ore  l/onv  ti)n,  51  ^  per- 

(  ent  Fe) 

14 

19 

39 

l^ad  [pound) 

0  14 

0  18 

0  38 

Manganese  Oon^  trn  unit  of 

contained  Mn) 

1  02 

1  31 

2  74 

Mercury  {7fi-lh  flask) 

67 

86 

180 

Nicke)  ipouud) 

1  62 

2  07 

4  35 

Phosphate  R(Kk  \sfu>ri  inn) 

14 

18 

38 

Platmum  Group 

Palladium  iiroy  outu  o 

36 

46 

96 

Platinum  {troy  oum  e ) 

114 

146 

306 

P.Jash  {short  ton  unit  <ffK/)t 

0  51 

0  65 

1  37 

Silver  (troy  ouruc) 

3 

4 

8 

Sulfur  {{^>njt  ion  of  elemtnini 

Si 

32 

41 

66 

Tin  ijHiund) 

2  41 

3  m 

6.47 

1  ungstcn  {pound  WO^) 

004 

0  05 

0  10 

Zint  {pound) 

0  23 

0  29 

0  62 

*Jhe  1976  piiwf       piii  tn?f>  1970  J,»ilars  h\  dividinf  iis  kvel  in  1976  dollar*  by 

ViHtrtf  TV  1976  pnce  oNAincd  from  the  Bureau  of  Mines  Future  pncet 
were  cakalatrd  a»wfmii|  a  '  oercem  arifiuat  increaw  from  |9|C  on 
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THE  PROJECTIONS 


would  re«uli  from  a  5  percent  per  year  increase 
starting  in  1980— the  same  rate  as  was  assumed 
for  energy  prices.  Table  12-6  compares  these 
prices  with  projecUoas  made  for  the  United  Na- 
tions. 

Decision  Pomts  in  the 
Mineral-Indiistry  System 

Meeting  the  projected  V5  percent  per  year 
growth  in  demand  will  require  careful  attention  to 
the  health  and  stability  of  the  minerals  supply 
system.  »-This  system  consists  of  several  different 
types  of  inventory  stocks  linked  together  by  flows . 
The  flows  are  governed  by  the  associated  indus- 
try, technology,  economic  conditions,  institutions, 
and  government  regulations.  Stable  management 
of  these  inventory  stocks  is  an  enormously  com- 
plex matter,  not  just  because  of  the  physical 
magntlude  of  the  system  but  also  because  the 
stocks  themselves  are  difficult  and  expensive  to 
measure. 

There  are  four  iji^or  decision  points  controlling 
the  primary  flows  in  the  minerals  supply  system. 
These  fourprincipal  decision  points  are  designated 
by  the  letters  A  through  D  in  Figure  12-4.  At 
point  A,  decisions  are  made  as  to  what  can  and 
should  be  done  to  replenish  reserves.  At  point  B, 
decisions  are  made  ^n  the  miA  of  virgin  and 
recycled  materials  to  use  in  their  prooocts.  At 
point  C,  decisions  are  made  on  whether  a  depre- 
ciated good  should  be  discarded  or  saved  for 
recycling.  Manufacturers  decide  at  point  D  where 
they  can  reduce  their  requirements  for  certain 
material  elements  (conservation)  and  where  they 
should  change  from  one  material  to  another  (sub- 
stitution). Some  of  the  many  factors  and  questions 

TABLE 

Compariflon  of  Wee  Projections  for  Four  Metals; 
in  the  Year  2000 


Lcontief 
Normalized  Pncc^• 


From 
Tabic  12-5 


Low 


High 


Copper 

idifilars  per  pound) 

1  21  S6 

I  29 

Lvcad 

38  \S 

27 

Nickel 

4  35  18} 

3  18 

Zmc 

62  29 

.29 

involved  at  each  of  these  four  decision  points  are 
discussed  in  the  following  paragraphs. 

Repienishing  Reserves 

Decisions  made  at  point  A  in  Figure  12-4 
influence  the  rate  at  which  mineral  reserves  are 
replenished  from  the  stock  of  * 'other  mineral 
resources."  These  otheHVesources  consist  of  three 
additional  m^or  inventories:  (1)  undiscovered  eco- 
nomic resources,  (2)  undiscovered  subeconomic 
resources,  and  (3)  identified  subeconomic  re- 
sources. Figure  12-5  depicts  this  classification 
scheme  in  the  so-called  McKelvey  box,  named 
after  former  Geological  Survey  Director  Vincent 
E.  McKelvey,  who  contributed  most  to  its  con- 
ception. Since  reserves  are  just  that  portion  of  the 
identified  resources  from  which  mineral  commod- 
ities can  b,"  economically  and  legally  extracted, 
other  resources  constitute  undiscovered  deposits 
and  those  not  quite  economically  exploitable 
("paramaiginal'')  or  far  from  economically  ex- 
ploitable (**submaiginal**). 

The  stocks  of  all  resource  inventories  change 
over  time  as  f  he  result  of  exploration,  technology, 
changes  in  production  costs  and  changes  in  price. 
The  flows  among  these  inventory  stocky  are 
illusU^ted  in  Figure  12-6,  which  is  an  exploded 
version  of  the  McKelvey  box.*  Exploration  lo- 
c^les  previously  undiscovered  mineral  deposits 
thus  "moving''  them  into  the  inventories  of  iden- 
titit^d  resources  an  J  reserves.  This  movement 
augments  the  identified  resource  inventories  while 
reducing  the  undiscovered  stocks.  Likewise,  ad- 
vances in  technology  and  rising  mineral  prices  can 
move  resources  from  the  paramai^ginal  and  sub- 
marginal  inventories  into  the  economic  invento- 
ries. However,  increased  production  costs  (e.g., 
increased  energy,  capital,  and  labor  costs)  and 
environmental  constraints  can  move  deposits  in 
the  opposite  direction.  Mining,  of  course,  depletes 
reserve  inventories. 

Exploration  determines  the  flow  that  moves 
resources  from  the  stock  of  undiscovered,  re- 
coverable resources  into  reserves.  Many  factors 
influence  the  level  of  exploratory  eftbrts.  Prevail- 
ing interest  rates  and  tax  policies  influence  the 
amount  of  reserves  companies  want  to  hold.  High 
interest  rates  tend  to  discourage  exploration  until 
the  latio  of  reserves  to  annual  production  becomes 


•  r<ormaiiz«(K?n  i%  •  pf<Kt%s  through  *bKh  Ihe  pr^ts  pfojutied  b>  ihe  model 
•re  ftd^fted  for  mriaiion  under  ihe  4wumpiH»n  ihM  (he  tfveraf^  P^c*  of  ail 
tpai^  consumed  wdl  be  the  %*me  in  the  future  «  ii       m  J 970 

5*>i#fif  WMttly  Leontief  ct  al  J  he  future  ,>f  fhe  h  (  utni,m\  Ncu  Yurk 
OtftMd  Umvenitv  \Vtl  p  a*> 


♦Adapted  from  John  J  Schanz.  Jr.,  -United  Sutcs  Mm- 
ctaK— A  Perspective,  Mmmg  C  ongress  Journal,  Feb 
W7.  p  27,  and  "A  Quick-Look  Method  for  Monitonns  the 
Adequacy  of  Metai  Supplies  from  Canadian  Minir«  for 
DomestK  Needs."  tncfigy.  Mines  and  Resources  Canada 
(.Minerals).  Mineral  Policy  S  tes.  Mineral  BijUctm  MR  165. 
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F^igiune  12-5.  Classification  of  mineQiI  resources,  the  "McKelvey  box  *'  {U  5. 

(/volouua^  Survrv  Bulletin  I450'A,  1976) 


relatively  small.  Taxes  on  rese^es  also  discourage 
exploration. 

Technological  advances  »nd  increased  price  of 
a  mineral  commodity  relative  to  production  costs 
are  the  m^  determinants  in  the  flow  of  identified 
paramaiginal  and  submarginal  resources  into  the 
reserves^inventury.  Increased  real  prices  offset 
the  hign  production  costs  associated  with  para- 
m^ipnal  (or  even  submarginal)  resources,  but  at 
the  same  time  increases  in  real  prices  constrain 
demand  and  limit  the  use  of  mineral  commodities 
in  the  econoriy.  Ovei  the  past  decade  technology 
has  contributed  to  a  flow  of  paramaiginal  and 
submarginal  resources  in:  reserves  without  in- 
creasing relative  prices,  but  continuation  of  these 
trends  may  be  more  difficult  in  the  future. 

Technology  is  knowledge  organized  and  applied 
to  an  ob|ective--in  this  case  the  production  of 
nonfuel  mineral  commodities.  Thi«  production 
process  involves  many  factors— labor,  water,  en- 
ergy,  nonfuel  riinerals,  capital— ^nd  the  relative 
mix  of  the  production  factors  is  determined  Uuigely 
by  technology. 

Much  more  information  (and  policy  attention)  is 
needed  on  the  influence  of  technology,  on  the 
production  of  mineral. commocttties.  To  what  ex- 
tent have  past  technological  developments  substi- 
tuted energy,  water,  and  capital  for  labor?  To 
what  extent  has  cheap  energy  contributed  to 
keeping  the  prices  of  nonfuel  mineral  commodities 
low?  What  speciflc  technological  developments 
are  now  expected  to  influence  the  future  produc- 


tion of  nonfuel  minerals?  What  will  be  the  energy 
requirements?  The  capital  requirements?  The 
water  requirements?  The  labor  needs?  The  envi- 
ronmental impacts?  Will  lower-grade  resource 
stocks  become  economic?  What  will  be  the  impli- 
cations for  the  price  of  mineral  commodities 
relative  to  otlier  goods  and  services?  What  indi- 
cators should  be  used  to  measure  technological 
progress?  Has  progress  been  achieved  if  a  tech- 
nology provides  economic  access  to  lower-grade 
deposits  while  increasing  energy  and/or  water 
requirements? 

Production  costs  (relative  to  nonfuel  mineral, 
commodity  prices)  also  need  careful  examination, 
because  increased  production  costs  relative  to 
market  prices  can  move  reserves  back  to  the 
paramaiginal  inventory  by  making  production  un- 
economical, example  from  tuel  minerals  illus- 
trates the  point. 

At  various  times  during  the  past  decade  the  per 
barrel  price  of  oi<  at  which  oil  shale  would  become 
economic  has  been  placed  at  $5,  $7,  $10,  etc.  Yet 
at  en  oil  price  of  $14  per  barrel,  shale  is  still  not 
economically  recoverable,  in  large  part  because 
the  increased  cost  of  oil  has  *n  turn  increased  the 
costs  of  producing  oil  from  shale.  The  energy 
required  to  produce  a  unit  of  energy  from  shale  is 
large  or,  to  put  it  another  way,  the  net  energy 
yield  is  small.  In  such  cases,  increases  in  the  price 
of  oil  are  reflected  quickly  in  increased  production 
costs.  As  a  resuh,  j>hale  may  never  be  more  than 
marginally  economic.  Similar  questions  have  yet 
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to  be  carefully  answered  about  paramarginal  and 
submaiiginal  nonfuel  mineral  resources. 

Estiniatcs  of  resources  other  than  reserves  are 
very  uncertain,  partly  because  of  conceptual  diffi- 
culties. How  does  the  investigator  decide  when  a 
mineral  occurrence  is  too  low  grade  or  too  difficult 
to  extract  or  refine  to  include  it  as  a  resource?  As 
a  practical  matter,  investigators  do  establish  cutoff 
points,  selected  by  professional  judgment  with 
limited  standard  criteria  available  for  guidance. 

The  question  then  arises  as  to  what  extent 
mineral  resources,  as  represented  by  the  estimates 
presented,  might  be  enlarged  firom  other  parts  of 
the  earth's  crust  (see  Fig.  12-4).  McKelvey  has 
suggested  that  the  recoverable  resource  potential 
of  well-explored  chemical  elements  in  the  United 
States  is  roughly  equal  to  their  cnistal  abundance 
(percent  of  the  element  contained  in  the  earth's 
crust)  times  a  factor  ranging  between  I  billion  and 
10  billion.'^  Ralph  Erickson,  also  of  the  Geologi- 
cal Survey,  elaborated  somewhat  on  the  relaUon- 


ship  and  applied  it  on  a  world  basis.'*'  The 
recoverable  resource  potentials  implied  by  this 
methcg  are  included  in  Table  12-7  for  15  of  the 
elements  considered  in  this  chapter.  These  poten- 
tials include  undiscovered  deposits  but  exclude  all 
deposits  (discovered  and  undiscovered)  not  eco- 
nomic at  current  prices  with  present  technology. 
Corresponding  production  and  resources  data  are 
included  in  the  table  for  comparison. 

The  quantity  of  minerals  distributed  in  the 
earth's  cnist  down  to  a  depth  of  1  kilometer  is 
very  lai]ge,  as  indicated  in  the  last  column  of  the 
table.  Most  of  these  minerals,  however,  generally 
have  such  a  low  concentration  that  the  costs  of 
their  extraction  and  refining  are  prohibitive. 

The  Mix  of  Virgin  and  Recycled  Materials 

The  second  major  decision  to  be  considered 
(see  point  B  in  Fig.  12-4)  is  the  way  in  which  ihe 
mix  of  virgin  and  recycled  materials  is  determined 
in  the  minerals  supply  system.  The  factors  in- 


TABLE  li-7 

World  Production  and  Reserves  in  1977  (Estimated)*  Otiier  Resources  in  1973-77  (as  Data  Available), 
Resource  Potential,  and  Resource  Base  of  17  Elements 

(Millions  of  metric  tons) 


Produc- 
tion 

Reserves 

Other 
Resources 

Resoi»rx;e  Potential 
(Recoverable) 

Resource  Base 
(Crustal  Mass) 

Aluminum 

17- 

5.200- 

2.800* 

3.519.000 

1.990.000.000.000 

Iron 

495^ 

93.100 

I43.000« 

2.035.000 

1.392,000.000,000 

Potassium 

22 

9.960 

103.000 

n.a 

408.000.000.000 

Manganese 

10^ 

2.200 

l.lOO* 

42,000 

31.200.000.000 

Phosphorus 

14' 

3.400' 

12.000' 

51.000 

28.300.000.000 

Fluonne 

2« 

72 

270 

20.000 

10.800.000.000 

Sulfur 

52 

1.700 

3.800 

9,600.000.000 

Chromium 

780' 

6.000' 

3,260 

2.600.000.000 

Ziac 

6  : 

159 

4.000 

3.400 

2.250.000.000 

N.ckcl 

0  7 

54 

103^ 

2.590 

2,130.000.000 

Copper 

$ 

456 

1.770* 

2.120 

1.510.000.000 

Uad 

4 

123 

1.250 

550 

290.000.000 

Tin 

o: 

10 

27 

68 

40.800.000 

Tungsten 

004 

1  8 

34 

51 

26.400,000 

Mercury 

0.008 

02 

04 

34 

2.100.000 

Silver 

0.010 

02 

0  5 

28 

1 .800.000 

Platinum  groups 

0  0002 

0  02 

0  05' 

1  2" 

1,100.000 

'In  bftuxrte.  dry         assumed  ti>  avera|e  21  percent  recoverable  aluminum 
*|n  ore  ind  conceni rules  aMumeU  to  averifc     percent  recoyerable  iron 
*ln  ore  and  corKCntrates  auumed  to  avcrafc  26  percent  recoverable  >ron 

*  In  ore  and  concentrate*  atiumed  (o  averafe  40  percent  manganese 

'Excludes  metal  m  deep-sea  nodutes  and  m  the  c»e  of  nKktl.  untdentjOed  reuHjrtes 

'In  phosphate  rock  ore  and  concentrates  aasumed  tuaverate  I  ^  percent  phosphorus 

■In  fluorspar  and  phosphate  rock  ore  and  cunientrates  assumed  to  average  44  percent  fluonne 

'  Excludes  umdenttfied  sulfur  rev^urces  efK>rmous  quantities  ot  sulfur  m  gypsum  and  anhydrite  and  ^t^mo  MH^  hiHson  *iins  i>i  sulfur  m  <.oai  shair  ^^nd  in  shalr  that 
19  rich  in  otimh:  mailer 

Mn  ore  mid  concentrates  assumed  to  averafe  )2  percent  chrommm 
'  Incluks  <M  milbon  tons  jn  deep-^ea  nodules 

*  Platinum,  ptiiadium.  iridium,  cesium,  rhodium,  and  nithcmum 
'ApproxiRUUe  midpoin'  of  estimated  range  of  0,0)— 0  06  million  metric  tons 

*  flat  mum  o'*Jy 

Somtct  U  S  Bureau  of  Mines,  Mineral  Commodity  Summaries  1978  Mineral  CommiuiUy  Frofile<,  197''  Hfmerai  Fatt\  and  FruhlemK  (Bulletin  66?)  Washington 
Govemmcnl  Hrmtinc  OflTice,  I97s  Oonald  A  Brobsi  and  Walden  P  Pralt  eds  Vmted  Sfates  Mineral  Re\oune%  JdeologKal  ^trvcv  l^ofcsMonal  Paper  KO) 
Wuhififtofi  Govemnteni  Printing  Office  197) 
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volved  are,  basically,  the  quantity  and  quality  of 
resources  available  from  mining  and  recycling. 

As  noted  above,  the  earth's  crust  contains  very 
laiige  quantities  of  minerals.  It  follows,  therefore, 
that  the  basic  long-term  issue  of  minejal-commod- 
ity  policy  for' all  nations  and  the  world  is  not  the 
exhaustion  of  minerals  but  rather  the  maintenance 
of  an  adequate  stock  of  mmerals-in-use  in  the 
global  economy  at  manageable  economic  and 
environmental  cpsts.  Nonetheless,  concern  over 
exhaustion  persists,  stemming  in  part  from  confu- 
sion over  the  terms  "renewable"  and  ''nonrenew- 
able." Biological  resources,  are  often  thought  of 
as  "renewable.''  Nonfuel  mineral  resources,  are 
usually  termed  ^'nonrenewable."  Actually  in  both 
cases,  the  reverse  is  more  nearly  true. 

When  passenger  pigeons  were  hunted  for  sa- 
vory pigeon-pie  filling,  they  were  regarded  as  a 
renewable  resource.  After  all,  every  year  the 
pigeons  bred  and  produced  more  pigeons.  Unfor- 
tunately, the  take  of  pigeon^  exceeded  the  maxi- 
mum sustainable  yield  of  this  resource  and  the 
passenger  pigeon  population  declined.  Unlike  min- 
eral resources,  the  remainder  of  this  .depleted 
resource  was  not  scattered  across  the  earth, 
limiting  the  take,  but  concentrated.  After  each 
attack,  a  biologically  fatal  instinct  flocked  the 
birds  together  again — until  the  last  pigeon  was 
shot.  The  passenger  pigeon  resource — the  spe- 
cies—is extinct  now  and  will  never  be  replaced. 
It,  like  all  biological  resources  was  exhaustible 
and  nonrenewable. 

By  contrast,  mineral  resource^.  arejLat  ieast  in 
theory)  completely  renewable.  When  an  atom  of 
copper  IS  used,  it  is  not  '  consumed"  or  destroyed 
but  remains  an  atom  of  coppep^otentially  avail- 
able for  recovery  and  reuse.  In  many  cases  ti^e 
cost  of  recovery  and  recychng  would  be  exceed- 
ingly high.  For  example,  recovery  of  lead  from 
the  waste  stream  of  used  tetraethyl  lead  (in  leaded 
gasoline)  would  be  ven-  costly  since  tins  lead  is 
scattered  along  highways  across  the  world  as 
exceedingly  fine,  difftjss  particles.  Nonetheless, 
recovery  and  reuse  of  this  lead  is  theoretically 
possible  at  some  cost  of  energy,  water,  labor,  ^nd 
capital.  Therefore,  m  contrast  to  biological  re- 
sources, the  basic  issue  of  nonfuel  mineral  re- 
sources is  not  exhaustion  or  extinction  but  rather 
the  cost  of  maintaining  an  adequate  stock  of 
nonfuel  mineral  commodities  within  the  economy 
through  mining  and  recycling. 

The  mix  between  mining  and  recyclmg  is  deter-'* 
mined  largely  b\  i dative  costs  These,  in  turn, 
depend  m  a  large  extent  on  the  "concentrated- 
ness  *  i^r  the  sources  of  nonfuel  minenils 


'  Entropy  is  the  scientific  term  that  measures 
how  "mixed  up''  things  are.  'Concentrate  Jness,*' 
as  used  above,  is  the  opposite  of  entropy.  Concen- 
trated deposits  have  relatively  low  entropy  and 
low  production  costs;  low-grade  deposit^  have 
high  entropy  and  high  costs.  Combining  min- 
erals and  materials  in  alloys  and  other  products 
and  distributing  these  products  throughout  the 
economy  increases  the  entropy  of  the  minerals 
used;  how  much  entropy  is  added  determines 
largely  the  practicality  of  recycling.  The  factors 
that  determine  the  entropy  of  ores  and  the  wastes 
from  society  are  therefore  highly  relevant  to 
maintaining  an  adequate  stock  of  minerals  in  use 
at  manageable  costs. 

Mineral  deposits  of  the  lowest  entropy  (highest 
grade)  are  generally  used  first.  It  is  widely  thought 
that,  as  low-entropy  deposits  are  depleted,  highcr- 
entropy  deposits  are  found  in  greater  abundance. 
In  some  types  of  mineral  deposits,  there  is  a 
graduation  from  relatively'^ow  entropy  to  rela- 
tively high  entropy,  and  t\  tonnage  available 
increases  at  a  constant  geomwic  rate  over  some 
range  as  the  grade  decreases. However,  there  is 
no  geological  reason  to  think  that  this  relationship 
holds  foi  all  ore  deposits  or  that  ''there  must  be 
undiscovered  [higher-entropy]  deposits  of  astro- 
nomical tonnage  to  bridge  the  gap  between  com- 
mercial ore  and  the  millions  of  cubic  miles  of 
crystal  rocks  that  have  measurable  trace  amounts 
of  the  various  less  common  metals  in  them."''' 
Much  further  work  is  needed  to  more  adequately 
estimate  the  ultimate  availability  of  naturally  oc- 
cuning-resoufce  deposits  and  the  economic ,  so- 
cial, and  environmental  cost  asscK'iated  with  pro- 
ducing them. 

Save  It,  or  Throw  It  Away? 

At  point  C  in  Figure  \2-4  decisions  are  made 
by  the  final  users  of  products  iis  to  whether  the 
depreciated  goods  are  to  be  "thrown  a\vay"  or 
saved  for  recycling.  In  part  this  is  a  question  of 
personal  values-  Will  a  person  take  the  time  and 
go  to  the  inconvenience  to  see  that  matenals  are 
saved  for  recycling'^  In  part  the  question  is 
economic-  Are  there  institutions  available  for 
recycling  and  have  the  depreciated  goods  been 
designed  so  as  to  have  economic  value  for  rtc\- 
cling* 

The  most  influential  decisions  affecting  the  fate 
of  depreciated  goods  are  not  made  by  the  fin  J 
users  and  recyclers  but  by  the  manufacturers  who 
onginally  designed  the  depreciated  goods.  If  the 
onginal  design  produces  a  high-entropy  combina- 
tion of  materials,  the  final  user  has  little  choice 
but  to  -throw  it  away  *  Thus,  while  decisions  on 
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recycling  appear  to  be  made  at  point  C  in  Figure 
12^,  most  are  actually  design  decisions  made  at 
point  D. 

Some  designs  facilitate  reuse  and  recycling  and 
thereby  increase  residence  times  for  minerals-in- 
use.  Other  designs  make  reuse  and  recycling 
virtually  inyx)ssible.  "Disposable"  products  and 
containers  are  not  designed  for  easy  disposal,  in 
fact  disposal  of  ''disposable  '  products  is  an 
increasingly  difficult  municipal  problem.  ''Dispos- 
able*' products  and  containers  are  designed  so 
that  they  cannot  be  reused.  Many  cannot  even  be 
recycled  because  they  are  such  high-entropy  prod- 
ucts. 

Frozen  orange  juice  containers  provide  an  ex- 
ample of  a  "disposable"  product  of  a  particularly 
high-cntropy  design.  The  metal  top  is  usually  a 
different  alloy  (or  even  a  different  metal)  from  the 
bottom.  The  cylinder  itself  is  composite  material — 
rial  heavy  paper  coated  on  the  outside  with  ink 
and  plastic  and  lined  on  the  inside  with  a  metal 
foil.  Minerals  and  materials  combined  in  sucti 
high-entropy  designs  can  be  used  only  once  and 
are  thereafter  lost  to  society. 

The  costs  of  maintaining  an  adequate  stock  of 
mincrals-in-use,  therefore,  depend  not  only  on 
adequate  reserves  and  other  resources  but  also  on 
the  residence  time  of  the  mineral  commodities  in 
the  economy  before  they  are  lost  as  high-entropy 
wastes.  Product  design,  the  availability  of  mainte- 
nance and  spare  parts  are  impo^ant  considera- 
tions/as  are  the  institutional  considerations  that 
govern  recycling  and  reuseTltnportant  institutional 
considerations  include  the  freight  rates  and  tax 
policies  that  favor  virgin — over  recycled — mate- 
rials and  the  municipal  disposal  service  (provided 
at  no  charge  to  manufacturers)  for  the  disposal  of 
all  products,  independent  of  design.  A  nation  s 
minerals  policy,  therefore,  extends  well  beyond 
reserves,  resources,  and  mining,  \{  mcludes  all 
factors  that  lead  to  high-entropy  loss  from  its 
stock  of  minerals-in-use. 

High-cntropy  product  designs  have  an  impor- 
tant influence  on  future  material  costs  and  are 
closely  associated  with  an  especially  important 
institutional  consideration:  Responsibility  for  the 
design  of  most  products  is  separated  completely 
from  responsibility  for  the  ultimate  disposal  of  the 
products  designed.  The  results  of  this  institution^ 
arrangement  are  often  disastrous  for  those  m- 
volved  in  the  recycling  (secondary-materials;  in- 
dustries. For  example,  a  few  years  ago  beverage 
producers  began  using  closures  that  left  aluminum 
rings  on  the  necks  of  "one-way  '  bottles  with  little 
thought  about  the  implications  of  this  high-entropy 
design  for  recycling.  Only  when  recyclers  pro- 


id 
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tested  that  the  aluminum  contamination  precluded 
recycling  the  glass  cullet  was  the  product  design 
changed. 

Automobiles  provide  another  impor^nt  exam- 
ple. Automobiles  are  by  nature  a  high-entropy 
product  containing  many  materials,  but  design 
considerations  could  greatly  facilitate  recycling  of 
much  of  the  material.  Steel,  one  of  the  largest 
constituent  materials  in  automobiles,  is  reduced  in  * 
value  significantly  by  contamination  by  cppper, 
Were  automobile  manufacturers  responsible  for 
the  disposal  of  depreciated  cars,  a  strong  incentive  . 
would  be  established  to  reduce  copper  contami- 
nation. In  fact,  if  automobiles  were  leased  rather 
thar^  sold,  there  might  be  benefits  not  only  far 
recycling  and  solid  waste,  but  also  for  mainte- 
nance and  air  quality. 

The  positive  effect  of  institutional  responsibility 
can  be  seen  in  ihe  example  of  scrap  wire  fix)m 
telephone  installations.  Telephone  companies  are 
responsible  for  cleaning  Up  after  installations;  ^ 
rather  than  paying  to  have  5crap  wire  carted 
away,  attention  is  given  tq  designs  that  facilitate 
recycling  of  scrap  cOpper  wire.  Special  recycling 
bags  facilitate  collection,  and  insulating  materials 
difficult  to  separate  fronr  the  copper  are  avoided. 
Similarly,  aircraft  manufacturers,  who  are  often 
asked  to  scrap  aircraft,  may  stamp  alloy  composi- 
tions on  parts  during  manufacture  to  facilitate 
recycling.  Thus,  institutional  responsil\Uity  for 
disposal  clearly  leads  to  product  designs  liial  are 
ve^  different  from  these  used  in  the  ''disposible" 
products  that  are  ultimately  the  responsiwliiy  of 
municipal  sanitation  departments,  )  i 

Conservation  snd  Substjtutk>n 

Point  D,  the  last  cf  the  four  decision  points,  in 
Figure  12-4,  is  where  decisions  on  cotfeervation 
and  substitution  are  made.  Both  conservation  and 
substitution  cone  about  as  a  result  of  design 
policies,  which  respond  strongly  to  technological 
developments  and  relative  prices. 

The  demand  for  nonfuel  mineral  commodities — 
like  the  demand  for  energy — can  be  moderated  by 
conservation,  but  just  as  with  energy,  there  are 
costs  associated  with  minerals  conservation,  costs 
that  may  delay  major  conservation  efforts  until 
prices  increase  significantly. 

Substitution  also  has  potential  for  decreasing 
the  need  for  the  less  common  metals,  provided 
the  substitute  material  is  nor  highly  energy-inten- 
sive, like  plastics,  or  is  also  experiencing  supply 
limitations,  like  wood  and  wood  products  in  some 
regions.  SomeUmes  an  alternative  process,  rather 
than     different  material,  reduces  or  even  elimi- 
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nates  the  demand  for  particular  uses  of  a  scarce 
material.  There  are  examples  relating  to  mercury. 

Prcjecled  demand  for  mercury,  when  compared 
with  the  resource  outlook,  suggests  that  mercury 
may  be  one  of  the  first  industrial  metals  to 
experience  significant  supply  constraints.  Further- 
more, use  of  mercury  is  being  restricted  in  part 
because  of  health  and  environmental  hazards. 
However,  acceptable  alternatives  are  now  known 
for  most  of  the  major  uses  of  mercury.  These 
alternatives,  in  effect,  substitute  for  mercury. 

Impressive  as  such  developments  are,  one  can- 
not simply  assume  that  technology  will  eliminate 
the  need  for  minerals  as  they  become  more 
scarce.  It  will  probably  be  very  difficult— perhaps 
impossible — to  develop  entirely  satisfactory  sub- 
stitutes for  lead  and  antimony  in  storage  batteries, 
manganese  for  use  in  desulftirizing  .steel,  nickel 
and  chromium  in  stainless  steel,  tin  in -solder, 
helium  in  1ow-temperature  refrigeration,  uranium 
and  beryllium  in  nuclear  reactors,  tungsten  in 
high-speed  tools,  mercur>'  in  wetted  contact  relays 
and  arc  rectifiers,  silver  m  photography,  and 
palladium  as  a  contact  material  in  telephone 
electromagnetic  relays.  Furthermore,  it  often 
takes  one  or  two  decades  for  a  new  technological 
development  to  reach  the  point  of  widespread 
use.  Thei^e  can  be  significant  costs  and  uncomfort- 
able economic  dislocations  during  the  transition  if 
stable  international  supplies  are  not  planned  and 
developed  well  in  advance  of  anticipated  needs. 

Nonfuel  Minerals  and  the  North-South 
Dialogue 

Mineral  commodities  are  essential  to  both  de- 
veloped and  developing  economies,  but  m  differ- 
ent ways.  Developed  industnahzed  economies 
need  access  to  dependable  supplies  of  inexpensive 
raw  materials.  Developing  economies  need  both 
foreign  exchange  from  mineral  commodity  exports 
and  refined  minerals  and  matenals  for  develop- 
ment. Mineral  policies  and  prices  are  therefore  a 
point  of  potential  disagreement  between  the  indus^ 
trialized  nations  (predominantly  jn  the  northern 
latitudes)  and  the  less  developed  nations  (pnmarily 
to  the  south).  In  fact,  minerals  issues  have  been  a 
major  element  in  the  North-South  dialogue. 

The  demand  for  nonfuel  minerals  commodities 
in  the  industrialized  nations  is  large.  If  the  fourth 
of  the  worid's  population  that  inhabits  *industnal 
countries  were  content  with  a.  fourth  of  the 
worid's  mineral  production,  ihey  could  fumrsh 
their  entire  needs  (except  for  tin  and  possibly 
bauxite)  from  their  domestic  deposits  and  by  trade 
artong  themselves.  At  least  until  the  >ear  2000, 


however,  industrialized  countries  are  projected  to 
absorb  over  three-fourths  of  worid  nbnfuel  mineral 
production. 

The  per  capita  demand  for  nonfuel  minerals  in 
the  industrialized  countries  is  so  high  compara- 
tively that  these  countries  use  not  only  their  own 
domestic  supplies  but  import  increasingly  large 
quantities  from  the  LDCs.  (While  some  of  these 
resources  are  re-exported  to  the  Ipss  developed 
countries  as  manufactured  goods,  a  large  portion 
remains  in  the  developed  economies.)  As  a  result, 
the  percentage  of  worid  mineral-commodity  pro- 
duction traded  internationally  increased  apprecia- 
^  biy  in  the  1950s  and  1960s,  as  shown  in  Table  12- 
8.  Dunng  this  same  period,  real  prices  of  most 
mineral  commodities  either  decreased  or  mcreased 
only  moderately. 

Prices  are  a  major  concern  of  those  LDCs  that 
export  nonfuel  mineral  commodities.  They  would, 
of  course,  like  to  receive  higher  prices  tor  their 
commodities  and  argue  that  the  present  price  of 
most  nonfuel  mineral  commodities  dbes  not  reflect 
the  real  value  of  the  commodities  and  is  not 
compatible  with  the  prices  charged  for  the  manu- 
factured gooJiS'they  import.  To  support  the  latter 
point,  they  note  that  LDC  "terms  of  trade"  with 
developed  areas  (unit  value  index  of  exports 
divided  by  unit  value  index  of  imports)  for  com- 
modities (excluding  petroleum)  dropped  from  109 
in  1953  to  84  in  1975  (1970  =  100)." 

The  LDCs'  bai]gaining  position  is  generally  not 
as  strong  with  respect  ib  nonfuel  mineral  com- 
modities as  it  is  with  respect  to  oil.  The  OPEC 
nations  have  over  70  percent  of  the  proven 
reserves  of  petroleum;  mineral  reserves  are  not  so 
concentrated.  The  ^comparative  mineral  reserve 
position  of  the  developed  and  developing  regions 
is  shown  in  Table  12-9.  However,  as  the  indus- 
trialized nations  continue  to  deplete  their  own 
resources,  the  LDCs'  position  wHl  become 


TABLE  12-8 
Percentage  of  World  Production  of  Selected 
Minerals 
Traded  Internationally ,  1950-70 


1950 


I960 


1970 


Aluminum 

Copper 

Zinc 

Fluorspar 


81 

52 
29 


86 
66 
60 
42 


103- 

59 
60 

54  4 


'  More  than  1  pcrtcnf  oftradcij  ^kjminum  m^icrijJs  denied  fr««n  drawdowns  of 
mirvf  and  smeller  sliKks 

Situri  r  NaiKinal  C  ommrtsmn  '»n  Muienals  Pi>lii  v  /  urtl  a  Sot  tonal  Maiermls 
FnUi\  W,*rU  f*rr\pritt\e  Nfc^^hington  Guvemment  Prmiing  Offue  Jan  1971 
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TABLE  12-9 

Geographic  Distribution  of  Worid  Resources  oJ  Selected  Mineral  Conunodities  in  1974 

(Percent  of  worU  total) 


Steel-marpng 
commodities 
Iron 

Manganese 

Chromium 

Nickel 
Nonferrous 
commodities 

Aluminum 

Copper 

Uad 

Zinc 

Tin 
NonmetaHic 

commodities 
Sulfur 

Phosphate  rock 
Potash  ^ 


Northern  America. 
Western  Europe. 
Australia.  Japan 

Republic  of 
South  Africa. 

U.S.S  R.  and 
Eastern 
Europe 

Less 
Developed 
Countries 

« 

Reserves* 

Total 
Resources 

Reserves     „  T*""' 

Resources 

Reserves 

Total 
Resources 

„  Total 
"^^^"^^  Resources 

40 
8 
1 

.27 

35 
8 
1 

33 

> 

'  1  2 
45  47 
%  97 

3  4 

30 
,  37 
1 
9 

27 
38 
1 
8 

^  29 
10 

J  61* 

f 

36 
7 
1 

55^ 

23 
31 
58 
63 
7 

25 
42 
65 
63 
10 

1  2 

4 

12 
21 
15 
6 

3  > 

8 
17 
15 

7 

73 
56 
21 
22 
87 

72 
48 
18 
22 
83 

40 
18 

82 


57 
12 
91 


18 
3 
17 


14 

5 
8 


"Compracs  New  Cakdoiua  25  perceiM  and  (^.wr  kit  developed  countries  36  percent 
Compr»es  New  Caledonia  22  pereem  «nd  of  her  less  deveteped  countne*  33  percem 
Sourer  Bureau  of  Mmes.  Mmerai  Facts  end  FrobUms.  WM^sniion  GoyemnKnt  OTice.  1975 


42 
68 


29 
'82 
I 


Stronger,  and  continued  efforts  to  establish  cartels 
can  be  expected. 

The  future  prospects  for  cartelization  efforts  is 
unclear.  Some  analysts  believe  that  the  political/ 
technical,  and  economic  factors  responsible  for 
OPEC  are  unique  and  that  there  will  nev^  be  a 
domparabiy  effective  marketing  oiiganization  for 
any  other  commodity.  Others  arc  far  less  certain. 
Examples  of  unity  among  LDCs  have  become 
increasir«ly  evident  in^  recent  years,  and  these 
countries  have  much  to  gain  economically  by  such 
cooperation.  It  is  ^ear,  however^  that  the  LLCs 
will  be  restrained  b^  desire  to  maintain  employ- 
ment  in  their  mining  and'related  industries  and 
will  therefore  \t  hesitant  to  encourage  industrial 
countries  tojKim  to  alternative  sources  aiKl  substi- 
tute materials.  Furthermore,  all  of  the  non-OPEC 
LDCs  need  foreign  exchange  to  pay  for  essential 
imports. 

^Nonfiiel  minerals  play  an  important  role  in  the 
balance  of  payments  of  the  less  developed  nations. 
Of  the  total  value  of  commodity  exports  (exclud- 
ing petn)leum)  by  LDCs,  eight  principal  nonfuel 
minerals  constituted  13  percent  in  1960  aiid  11 
percent  in  1975.  Sometimes  a  single  mineral 
accounts  for  over  half  of  total  exports  of  a 
particular  country— copper  in  the  case  of  Chile, 


a,  and  Zaire;  irenl  om  fit  lliui^^e  of  Liberia 
>initania;  and  alumir  jm  in  various  primary 
in  the  case  of  Guir  ja  and  Surinam.  Tm  is 
'  as  dominant  in  Bolivian  exports,  and  phos- 
phate rock  in  Moroccan  exports. 

Much  of  the  final  value  pf  refined  minerals  is 
added  during  processing  and  refining,  and  many 
LDCs  want  to  process  their  mineral  raw  nnterials 
before  export  so  as  to  retain  as  much  as  possible 
of  the  value  added  by  manufacture.  Already  most 
bauxite  mined  in  Jamaica  is  processed  to  aliimina 
and  aluminum  metal  before  export.  CoUectively, 
LDCs  have  set  a  goal  of  producing  25  percent  of 
the  worid  industiial  production  by  2000.  Much  of 
the  LDC  production  will  be  refined  mineral  com- 
modities. 

Mineral  deposits  beneath  the  sea  are  of  concern 
to  less  develop  countries  both  because  thc^e 
minerals  ace  a  possible  source  of  competition  and 
because  of  a  feeling  of  participation  in  ownership. 
Avid  P^trdo,  Maltese  Ambassador  to  the  United 
Nations,  succinctly  stated  the  LDC  position  in  his 
address  to  the  General  Assembly  on  November  I, 
1967,  when  he  stressed  that  the  resources  in  and 
under  the  oceans  are  a  ''common  heritage  of 
mankind."  Disputes  over  who  should  receive  the 
benefits  hasMelayed  the  development  of  seabed 
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resources,  tiie  most  important  of  which  are  the 
''manganese  nodules." 

These  potato-sized  nodules,  containing  impor- 
tant  amounts  of  nickel,  copper,  cobalt,  and  man- 
ganese, lie  on  the  ocean  floors  beneath  1,000  to 
20,000  feet  of  water.  The  possibility  of  exploiting 
these  resources  has  led  mining  companies  in 
industrial  countries  to  form  several  consortia  to 
actively  develop  the  necessary  dredging  and  proc- 
essing technology.  Much  of  the  technology  has 
already  bten  d^eloped  and  tested.  Preproduction 
expenditures  a|^xpected  to  teach  $1  billion  by 
1980.  Commercial  output  may  begin  in  the  early 
1980s.  The  prospects  for  profitable  operation  are 
good,  but  the  profits  would  accrue  primarily  to 
industrialized  nations  since  the  LDCs  have  neither 
the  technology  necessary  to  move  into  deep- 
seabed  mining  nor  (except  for  the  OPEC  nations) 
the  necessary  capital. 

Annua!  extraction  of  manganese  nodules  from 
the  deep  seabed  may  total  15  million  metric  tons 
by  1985,  according  to  estimates  by  Leipziger  and 
Mudge.2^  These  nodules  may  yield  the  metal 
tonnages  shown  in  Table  12-10,  plus  smaller 
quantities  of  some  other  metals.  However,  poten- 
tial environmental  impacts  have  not  yet  been  fuUy 
examined,  and  the  LDCs  believe  that  the  nodules 
should  be  mined  by  an  international  authority  in 
which  they  have  significant  representation. 

At  recent  United  Nations  Law  of  the  Sea 
Conferences,  the  LDCs  have  requested  the  estab- 
lishment of  an  International  Seabed  Resource 
Authority  (ISRA)  to  control  all  aspects  of  deep- 
seabed  mining.  It  is  proposed  thfcl  the  ISRA  be  an 
operating  institution  in  competition  with  (or  to  the 
exclusion  of)  private  firms  Whether  the  opera- 
tions are  public  or  private,  an  international  tax  on 
resources  mined  from  the  deep  seabed  could  yield 
$200  million  to  $600  million  annually.  These  fund^ 
could  then  be  used  to  accelerate  development  in 
the  LDCs,  which  is  the  basic  objective  of  a  related 

TABLE  12-10 

Estimates  of  Metal  Recoveries  from  Manganese 
Nodules  from  the  Deep  Seabed  by  1985 


Production      Percent  of 


ftrccnt  of 

{thnusands^oj  1974  World  f ^^''Tf!!**  1^^^. 
metric  tons)  Production 

tion 


Nickel 
Copper 
Cobalt  ^ 
Manganese 


225' 
180 
37 
^  750 


32 
2 

125 
40 


14 
2 
a2 
28 
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and  the  tmnnmu  tntrrtxn  of  [ye^ehpmg  Countnes   CamhrK)|e  Mass 
Balbnger  1976  [Hta  lor  r?utngAne%<  have  b«n  updated 


proposal  for  the  establishment  of  a  New  Interna- 
tional Economic  Order. 

Many  of  the  developing  countries  have  come  to 
believe  they  cannot  accomplish  their  development 
at  a  satisfactory  rate  without  basic  structural 
changes  in  the  worid  economy.  Accordingly,  a 
proposal  for  structural  change  was  presented  by 
the  LDCs  at  the  Sixth  Special  Session  of  the  U.N. 
General  Assembly  in  1974.  The  proposal  calls  for 
the  establishment  of  a  New  International  Eco- 
nomic Order,  and  one  of  its  principal  objectives-* 
i?  a  more  favorable  relationship  between  pnces  of 
LDC  exports  and  imports. 

Since  the  Sixth  Special  Session  in  1974,  the 
LDCs  have  made  additional  initiatives  on  com- 
modity prices.  An  important  effort  was  made  at 
the  Fourth  U.N.  Ccnferenpe  on  Trade  and  Devel- 
opment (UNCTAD)  in  1976  to  support  the  prices 
of  10  commodities,  including  three  nonfuei  min- 
erals-bauxite, copper,  and  tin.  Further  discus- 
sion of  the  price  of  these  minerals  (plus  iron  ore, 
manganese  ore,  and  phosphate  rock)  were  held  at 
the  1977  UNCTAD  Conference. 

One  consideration  that  will  become  increasingly 
important  in  North-South  discussions  of  mineral 
commodity  prices  is  th6  fact  that  high-grade  ores 
in  effect  have  a  lai^ge  '*enei]gy  content''  as  a  result 
of  their  low  entropy.  It  takes  less  than  half  as 
much  energy  to  recover  a  ton  of  copper  from  4 
percent  Zambian  ore  than  from  0.3  percent  Ari- 
zonan  ore.  Grade  and  entropy  cbnsiderations  are 
likely  to  become  more  important  in  the^future. 


Conclusions 

Projected  worid  demand  (when  compared  with 
wotld  reserves)  o^nonfuel  resources,  shows  no 
immediate  prospect  of  resource  exhaustion.  On 
the  other  hand,  significant  increases  in  reserves 
will  be  needed  to  m  :t  projected  demand?  which 
does  not  include  a  ^.^nificant  increase  in  LDC 
demand.  As  noted'  in  Chapter  22,  the  projections 
of  LDC  demands  for  nonftiel  minerals  could  be 
much  higher  it' other  assumptions  were  introduced 
into  the  analysis.  In  my  event,  the  industrialize 
nations  will  continue  to  be  heavily  dependent  on 
resources  imported  from  LDCs,  and  both  availa- 
bility and  ^rice  will  depend  on  develojiments,  in 
the  North-South  dialogue,  especially  concerning 
proposals  for  a  New  Int^ational  Economic  Or- 
der, for  multinational  corporation  codes,  and  for 
Law-of-the-Sca  issues. 

Such  Nortn-South  issues,  and  the  prospects  for 
rising  energy  costs,  will  deeply  affect  coming 
decisions  over  the  exploitability  of  resources 
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around  the  world  and  the  technologies  used  in  the  ^  institutional  considerations,  especially  product-dc- 


cxploiution  process.  The  results  could  include 
significant  increases  in  the  real  price  ^of  nonfiiel 
minerals.  Recyclifig  could  then  appear*  relatively 
attractive  in  industrialized  nations.  The  possibili- 
ties for  recycling,  however,  depend  largely  on 


sign  decisions  that  determine  the  entropic  state  of 
the  resources  in  depreciated  goods.  As  a  result, 
productKlesign  decisions  between  now  and  2000 
may  have  a  significant  bearing  on  resource  stocks 
and  prices  in  the  early  21st  century. 
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1?   Environment  Projections 


This  chapter  is  th^  last  of  the  12  chapters  pre- 
senting the  Global  2000  Study  projections.  Chap^ 
ters  2-4  present  the  driving-force  projections 
(Population,  GNP,  Climate),  which  provide  basic 
inputs  to  tfie  resource  projections  presented  in 
Chapters  5-12.  Attention  turns  now  to  the  future 
of  the  world's  environment. 

The  term  "environment'*  is  not  easily  defined. 
To  some,  the  word  suggests  pristine  landscapes 
and  wilderness.  While  these  connotations  are  cer- 
tainly inherent  in  most  definitions  of  the  term, 
^^environment'*  is  used  in  this  chapter  in  a  much 
broader^nse. 

Literally,  the  environment  is  the  physical  an^ 
biological  surroundings  of  the  organisms  under 
discussion — in  this  case  ^cmo  sapiens^  the  human 
species.  Humankind  depends  on  this  life-sup- 
porting environment  in  many  complex  ways.  So 
intimate  is  the  linkage  between  humankind  and  , 
its  environment  that  the  distinction  between  in- 
dividual and  envirpnment  blurs.  Some  of  the  air 
we  breathe  becomes  a  part  of  us.  The  oxygen 

4««^etabolizes  our  foods  and  becomes  a  p^n  of  our 
flesA  and  blood;  particulates  we  breath  accumu- 
late in  our  lungs.  Some  of  the  liquids  we  drink 
become  a  part  of  our  bodies,  as  do  the  toxic  sub- 
stances the  liquids  sometimes  contain.  The  soils 
become  our  food,  which  in  turn  becomes  oitr  tis- 
sues. In  fact,  the  term  "environment" — i.e.,  hu- 
man surroundings — is  an  inadequate  and  inaccurate 
concept  because  there  is  not  and  cannot  be  a  sharp 
distinction  between  humankind  and  its  surround- 
ings. In  thi^^apter,  for  lack  of  a  better  alter- 
native, the  term  ^^environment"  will  be  used  to 
describe  human  surroundings,  but  throughout  it 

0  should  be  remembered  that  in  many  ^ important 
ways  we  and  our  environment  are  one. 

In  analyzing  the  future  of  the  human  environ- 
ment,  it  is  also  important  to  note  the  ways  in  which 
humankind  shapes  its  environment.  Many  an- 

'  thropogenic  changes  in  the  environment  are  ben- 
eficial, but  some  are  not.  Houses  and  communities 
provide  many  benefits,  including  shelter  from  the 
elements,  predators  and  pathogens.  Other  aii^ 
thropogenic  changes — such  as  the  contamination 
of  air,  water,  and  soils — have  not  been  wholly 
beneficial.  Some  anthropogenic  changes  are  even 


beginning  to  tKreaten  goods  and  services  that  the 
environment  has  heretofore  pfovided  free  or  at 
minimal  cost. 

Humankind  has  habitually  taken  for  granted 
the  goods  (e.g. ,  soil  fertility,  clean  plentiful  water) 
and  the  services  (e.g.,  removal  of  air  pollutants) 
provided  by  the  environment.  The  habit  persists. 
The  projections  reported  in  the  previous  chapters 
are  based  generally  on  the  assumption  that  the 
environment  will  continue  to  provide  goods  and 
services  as  abundantly  and  inexpensively  in  the 
future  as  it  has  in  the  past.  Many  of  these  general 
assumptions  about  future  environmental  goods 
and  services  are  brought  into  question  by  the  anal- 
yses in  this  chapter.  In  the  years  ahead,  human- 
kind will  need  to  consider  more  carefully  both  the- 
environmental  implications  of  its  activities  and  the 
effects  th^t  environmental  deterioration  generally 
will  have  on  human  activities. 

J  In  this  chapter,  two  questions  will  be  asked  of 
all  of  the  Study's  other  projections:  First,  assum- 
ing (1)  that  the  developments  projected  in  the 
previous  chaptei's  actually  come  about  and  (2)  th 
present  environmental  policies  remain  un 
clkmged,  what  impacts  on  the  world's  environ* 
ment  can  be  anticipated?  5^cofi</,^considering,all 
the  projected  environmental  impacts  collectively, 
how  might  developments  and  ch3nges  in  the 
world's  environment  influence  the' prospects  for 
achieving  the  projections  outlined  in  the  previous 
chapters? 

llie  analyses  are  conducted  *n  two  steps,  as 
illustrated  in  Figure  IVl.  In  the  first  step,  the 
environmental  implications  of  each  of  the  pt^-- 
vious  driving-force  and  resource  projections  are 
analyzed.  In  the  second  step  all  of  the  environ- 
mental imf)!ications  are  synthesized  and  their  col- 
lective impact  back  upon  the  driving-force  and 
resource  projections  are  considered.  Were  it  pos- 
sible to  actually  reflect  these  collective  impacts  in 
the  earlier  projections,  the  two  feedback  loops  in 
Figure  13-1  would  be  closed.  In  practice ,  it  is 
possibloonUr  to  notelhfs .kinds  of  effects  that  could 
be  expected,  but  without  actually  mo(iifying  the 
projections.  ITius  the  feedback  loops  remain  open 
at  two  points  and  the  [^ejections  continue  to  be 
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.based  on  rather  optimistic  environmental  as- 
sumptionsr  ^ 

The  results  of  the  environ nentai  analyses  are 
presented  in  the  foUowing  11  sections  of  this 
Chapter.  The  first  step— the  .analysis  of  the  en- 
vironmental implications  of  the  previous  projec- 
tions— is  presented  in  the  next  10  seOions  in  this  - 
"order:  Population,  GNP,  Climate,  Tt^inplogy, 
Food  and  Agriculture,  the  Marine  Environment, 
Forestry,  Water,  Energy,  and  Nonfuel  Minerals. 
Each  of  these  sections  attempts  to  analyze  the 
environmental  developments  that  might  be  ex- 
pected to  follow  i'rom  the  corresponding  driving* 
force  and  resource  projections.  To  assist  the 
reader  in  recalling  ;he  earlier  projections,  each 
of  the  10  sections  begins  with  a  brief  summary  of 
the  projections  being  analyzed  (under  the  heading 
The  Projections,  as  on  the  following  page).  The 
second  step — the  analysis  of  the  effects  of  en>/- 
ronmental  devdopmenjs  collectively  on  the  othJ 
projections — is  presented  m  the  final  section\ 
''Closing  the  Loops:  Environmental  Feedback  to 
the  Other  Projections." 

Before  proceeding  to  the  first  of  the  environ- 
mental projections,  a  few  additional  points  need 
to  he  mentioned. 

First,  an  effort  has  been  made  to  conduct  the 
entire  Global  2000  Study  with  goveifnment  per- 
sonnel, government  data,  and  government  ana- 
lytical tools,  but  unfortunately  this  objective  could 
not  be  met  in  the  case  of  the  '^Environment  rro- 
jections"  chapter.  There  is  no  agency  of  the  gov- 
ernment that  has  the  responsibility  and  capacity 
to  conduct  the  kind  of  environm  'i;ltal  analysis  and 
'  synthesis  required  by  the  Global  iOOO  Study.  The 
Environmental  Protection  Agency  (EPA)  has  a 
large  staff  and  substantial  resources,  but  EPA  is 
chafged  with  a  regulatory  mission,  not  with  de- 
veloping broad,  long-term  environmental  projec- 
tions. The  National  Environmental  Policy*Act 
(NEPA)  assigns  a  long-term  foresight  mission 
^  (among  other  responsibilities)  to  the  Council  on 
Environmental  Quality  (CEQ),  but  CEQ  has 
never  had  the  staff  and  resources  necessary  to 
carry  out  all  of  its  assigned  functions. 

Faced  with  the  fact  that  no  single  agency  could 
be  expected  to  prepare  the  environment  projec- 
tions, the  original  Global  2000  Study  plan  called 
for  each  agency  to  preQ3re  an  environmental  anal- 
ysis of  its  projections,  using  the  capabilities  it  had 
developed  since  NEPA  initiated  the  process  of 
environmental  impact  analysis.  This  too  proved 
unworkable.  As  a  result  of  NEPAv  most  of  the 
.  agen^ips  now  have  a  substantial  capability  for  en- 
vironn^ental  analysis.  They  have  assembled  the 
data  and  analytical  tools  needed  to  analyze  the 


environmental  impacts  of  specific  project  propos- 
als, but  with  few'exceptions  they  do  not  hav^  the 
data  and  analytical  iooh  needed  to  perform  en-* 
vironmental  analyses  of  long-term  plaqs  and 
global  projections.  Nor  have  such  analyses  been 
required  of  them  to  date.*  As  a  result,  most  of 
the  environmental  analyses  that  were  appended 
to  the  agencies  projections  were  quite  hmited,  anU 
the  bulk  of  the  environmeiital  analyses  and  writ 
ing  for  this  chapter  had  to  be  done  by  experts 
outside  the  government.  But  although  the  Study's 
objective  could  not  be  met  entirely  in  the  case  of 
iJie  environmental  chapter,  ma/iy  government 
personnel  have  been  involved  in  reviewing  the 
analyses  that  follow. 

^  A  second  point  that  must  be  made  before  the 
analyses  are  presented  concerns  assumptions.  An* 
effort  was'  made  to  avoid  abstract^nvironmental 
projections  by  relating  the  analyses  as  directly  as 
possible  to  the  driving-force  and  resource  projec- 
*tions,  but  many  of  the -driving-force  and  resource 
ejections  were  not  explicit  enough  to  permit 
detailed  analyses  of  their  Environmental  impli- 
cations, and  it  was  necessary  to  base  some  of  the 
environmental  analyses  on  further  assumptions. 
These  additional  assumptions  are  described  as 
they  occur  throughout  this  chapter. 

Third;  the  environment  projections  were  fre- 
quently difficult  to  develop  because  much  of  the 
data  needed  on  specific  topics  was  not  available. 
In  such  cases,  the  analyst  was  forced  either  to 
omit  certain  topics  at  to  discuss  their  implications 
on  the  basis  of  fragmentary  information.  The  lat- 
ter course  was  chosen  whenever  the  topic  seemed 
important — in  which  case  the  discussion  was 
based  on  the  best  information 'available,  evea  if 
it  was  only  fragmentary. 

Fourth,  a  variety  of  technologies  for  environ- 
mental protection  are  considered  in  the  various 
sections  of  the  chapter.  In  general,  technologies 
for  solving  most  environmental  problems  are  now^ 
available,  but  there  are  exceptions.  For  example, 
there  is  no  practical  means  at  present  for  removing 
oxides  of  nitrogen  from  power  plant  exhaust 
stacks.  The  analyses  suggest  that  in  most  cases 
economic  and  policy  considerations-^rather  than 
the  lack  of  technology — impede  environmental 
protection  efforts.' 

Fifth,  the  Environment  Projections  chapter  is 
far  longer  than  any  other  chapter  in  the  Global 


*For  example  hundreds  of  environmental  impact  statements 
have  t>een  prepared  on  individual  highways  and  power  plants, 
but  there  are  no  corresponding  environmental  analyses  for  the 
Department  of  Transportation's  yeai  2000  plan  or  the  De- 
part'nent  of  Energy's  national  energy  plan 
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2000  Study.  Its  disproportionate  length  can  be  jus- 
tificed  on  two  counts:  (1)  because  future  trends 
in  the  world's  environment  is  a  larger  than  average 
topic,  and  (2)  because  the  development  of  global 
environmental  models  is  stillfin  its  infancy,  the 
environmental  analyses—in  contrast  to  the  anal« 
ysis  in  preceding  chapters— afe  largely  discursive, 
rather  than  analytical.  It  shcoild  also  be  mentioned 
that  organizing  this  long  chapter  was  complicated 
by  the  fact  that  it  was  necessary  to  include  several 
topics  in  more  than  one  section.  Every  effort  has 
been  made  to  reduce  redundancy,  however, 
through  footnotes  and  occasional  cross-references 
to  other  sections  of  the  chapter. 

Finally,  the  environment  projections  proceed 
from  the  same  policy  assumption  used  in  the  other 
parts  of  the  Study— namely,  that  no  changes  in 
public  pohcy  are  anticipated.  When  applied  to  the 


environment,  this* assumption  has  many  implica- 
tions. In  situations  where  there  is' currently  no 
formal  environmental  management  policy;  as  for 
example  in  rorfhagement  of  grazing  lands  in  some 
countries,  it  is  assumed  that  present  l^ck  of  man-^ 
^  agement  practices  will  continue.. While  the  re- 
sulting prognostications  are  occasionally  grim, 
they  should  not  be  interpreted  as  statements  of 
what  will  actually  happen,  but  rather  as  indica- 
tions of  what  is  likely  to  happen  if  societies  do  not 
develop  and  implement  policies  that  will  sustain 
the  health  of  the  environment.  Failing  this,  the 
analyses  suggest  strongly  that  the  collective  en- 
vironmental impacts  to  be  anticipated  over  the 
next  (Wo  decades  will  be  sufficiently  severe  in 
many  areas  to  alter  significantly— and  undesira- 
bly—the projected  population,  GNP,  and  re- 
source trends. 


THE  POPUf  ATION  PROJECTIONS  AND  THE  ENVIRONMENT 

The  Projections 

Population  levels  and  their  rates  qf  change  projected  by  the  U  S  Bureau  of 
the  Census  are  summarized  in  Table  13-1.  The  average  annual  world  pop- 
ulation growth  rate  will  be  1.8  pi  -cent  per  year  throughout  most  of  the  1975- 
2000  period.  By  V  .  year  2000,  a  total  of  2.3  billion  persons  will  have  been 
added  to  the  world's  ^pulation,  an  increase  qf  55  percent. 

The  less  developed  countries  will  contribute  nine-tenths  (2  billions)  of  the 
world  total  increase  by  2000.  The  crude  birth  rates  in  the  LDCs  are  projected 
to  decline  21  percent,  while  life  expectancies  increase  18  percent  (from  54.0 
to  63.5  years). •  The  result  is  a  net  annual  rate  of  natural  population  increase 
averaging  2. 1  percent  over  the  25-year  interval.  Asia  and  Oceania  experience 
the  largest  numerical  increases— 60  percent  of  the  total  projected  world 
growth.  The  largest  rates  of  increase  occur  in  Africa  (leading  to  more  thao 
a  doubling)  and  in  Latin  America  (a  96  percent  increase).^ 

The  industrialized  countries  reduce  their  population  growth  rates  by  about 
a  quarter  and  experience  relatively  modest  numeric  increases:  76  million  in 
the  Sovijt  Union  and  Eastern  Europe  (a  20  percent  increase)  and  101  million 
in  the  rest  of  the  industriahzed  world  ^a  14  percent  increase). 

Although  the  projections  do  not  expficitly  address  migration  and  urbani- 
zation, there  are  many  indications  that  the  LDCs  will  experience  substantial 
urban  growth  by  2000. 


Introduction 

The  5  percent  increase  in  world  population  pro- 
jccted  by  Uift^reau  of  the  Census  and  summa- 
rized in  Tal|tejn~lt  has  many  direct  and  indirect 

•CaJculaicd  from^ablc  8  m  U  S  Bureau  of  .he  Census,  il- 
lustrative Profecnons  of  World  Populations  to  the  2ht  Century, 
Wuhington  Government  Pnnting  Office.  1979 
tTwo  sets  of  population  projections  are  presented  in  Chapter 
2  One  set  was  developed  by  the  U  S  Bureau  of  the  Census, 
the  other  by  the  Community  and  Family  Study  Center  fCFSC) 


implications  for  the  environment.  For  example, 
the  direct  effects  of  excrement  from  an  additional 
2.2  billion  persons  can  be  expected  to  have  a  sig- 
nificant impact  on  the  environment  in  many  areas. 
Still  larger  indirect  effects  can  be  gnficipated  as 

at  the  Univenity  of  Chicago  Both  projections  were  funded 
by  the  "Population  Office  of  the  U  S.  Agency  for  International 
Development.  The  Census  projections  have  been  used 
throughout  as  the  Global  2000  Study  base  cast*  anr'i  are  sum* 
manzed  in  Table  13-1  The  .CFSC  projections  wei-jndertakcn 
with  a  different  methodological  approach  that  assumes  a  rapid 


ERLC 


ENVIRONMENT  PROJECTIONS 


TABLE  13-1 
IncrcMC  in  WorM  Populatioii,  197S-2000 

1975  2000       •  Increase 

Aver- 
age 


Popu- 
lation 

Share 

Uopu- 
lation 

Share 

An. 
nual  Total 

btl 

per- 

bil- 

per- 

Hons 

cent 

lions 

cent 

percent 

Ipdustnalized  re- 

28 

1  3 

2\ 

gions 

f  1  1 

0  6  17 

Less  developed 

regions 

30 

72 

5  0 

79 

2  1.  70 

World 

4  1 

100 

64 

100 

1  8  55 

Source  Bureau  of  I  he  Census  prelections  C 

h.ipicr  - 

th^^'-solum*. 

a  result  of  efforts  to  meet  the  growing  needs  of 
the  projected  populations  foV  shelter,  food,  fiber, 
educational  facilities,  transportation  networks, 
and  employment  sites. 

The  pervasive  environmental  consequences  (both ' 
direct  and  indirect)  of  the  projected  population 
growth  make  the-subject  of  ''Population  and  the 
Environment*'  un^nanageably  large.  Some  bound- 
aries must  be  drawn  and  limitations  established. 
There  are,  of  course,  a  number  of  ways  in  which 
this  can  be  done.  The  choice  here  has  been  to 
discuss  in  this  sec:ion  those  environmental  con- 
sequences that  are  directly  related  to  population. 
The  more  indirect  environmental  consequences 
of  population  growth — the  environmental  conse- 
quences of  increased  demands  for  food,  energy, 
minerals,  forestry,  etc.,  to  meet  the  needs  of  the 
•projected  population — are  discussed  later  in  this 
chapter  in  the  sections  devGfted  to  those  topics. 
(There  are  a.  few  exceptions,  however;  some  in- 
direct consec^te^s  of  population  growth — e.g., 
increased  catne  hetds  for  increased  populations 
of  nomadic  herders — do  not  fit  well  in  the  other 
sections  of  this  chapter  and  are  therefor^  dis* 
cussed  hvrfc.)  While  this  choice  limits  the  subject 


reduction  of  fertility  rates  attributed  to  large  expenditures  on 
family  pUnning  programs.  Both  the  Census  and  the  CFSC 
methodotogies  are  diltussed  in  Chapter  15  Since  the  writing 
of  Chapters  2  and  IS,  extensive  crittasm  of  the  CFSC  meth- 
odok>gy  and  piojections  has  been  published  and  rebutted.  The 
criticitm  appean  in  Paul  Demeny,  *'On  the  End  of  the  Pop- 
ulation  ExplotiOQ.**  Popuiatton  anr  Developmeni  Review, 
Mar.  1979  p.  141-^2.  The  response  to  thr  critiasm  is  D.  J 
Bbgue  a..u  A.  O.  Tsui,  **A  Rejoinder  to  Paul  Demeny's  Cn- 
tique,-*On  the  End  df  the  Population  Explosion,'  "  which  is, 
at  this  writing,  being  consKkred  for  publication  in  Popuiatton 
mid  DfvHopmeni  Review.  Prepubiication  copies  of  the  Bogue- 
Tsui  rejoinder  are  available  from  CFSC,  University  of  Chi- 
cago. 


matter  of  this  section  some^Mhat,  a  f^w  further 
distinctions  relevant  to  the  subjects  under  discus- 
sion should  be  noted. 

One  distinction  invqlves  the  different  types  of 
t)ressures  that  different  cultures  exert  on  the  ^n-  * 
vironfn<int.  In  what  follows,  the  wOjjd^s  cultures 
are  categorized  as  one  of  two  types:  either  '*tra- 
ditionaj'*  or  'inaustHal.*'  This  distinction  is  ad- 
mittedly a^gross  simplification,  intended  only  to 
indicate  the  relative  closeness  of  a  culture  to  the 
environment  on  which  it  depends.  In  traditional 
cultures,  the  people  depend  largely  on  their  local 
environment  and  are  familiar  through  personal 
experience  with  the  environmental  implications 
of  their  numbers  syid  demands.  In  industrial  cul- 
tures, the  people  depend  to  a  much  larger  degree 
on  environments  that  are  connected  with  them 
only  by  transportation  and' trade  networks,  and) 
as  a  result,  such  people  are.often  not  familiar 
personally  with  the  full  environmental  conse- 
quences of  their  population  growth  and  demands. 

Although  per  capita  demands  on  the  environ-^ 
ment  tend  to  be  higher  for  industrial  cultures  than 
for  traditional  cultures,  the  distinction  is  not' 
strictly  .between  the  less  developed  and  the  de- 
veloped countries^  LDCs  contain  within  them 
small  industrial  cultures  that  make  relatively  large 
per  capita  demands  on  environments  around  the 
world,  and  the  indu^rialized  countries  contain 
traditional  cultures  that .  make  demands — rela- 
tively small  per  capita  demands — ^primarily  on 
their  local  environment.  (The  Amish  communities 
in  the  VS.  are  an  excellent  example  of  a  tradi- 
tional culture  within  a  developed  country,  as  is 
the  community  and  family  life-style  practiced  by 
some  individual  environmental  advocates.*)  While 
the  traditional/industrial  cultural  dichotomy  in- 
volves major  simplifications,  it  facilitates  discus- 
sion of  sdme  important  relationships  between 
population  growth  and  environmental  change. 

In  the  following  pages,  the  relatively  localized 
impacts  of  traditional  cultures  on  their  environ* 
ments  are  considered  first.  The  discussion  of  tra- 
ditional cultures  introduces  the  problem  of 
managing  **common"  resources,  a  problem  en- 
countered in  various  forms  throughout  this  chap* 
ler.  The  discussion  then  turns  to  the  more  dispersed 
pressures  that  industrial  society  places  on  the  en- 
vironment, after  which  the  environmental  con- 
sequences of  changing  population  distributions 
are  noted,  especially  the  growing  concentration 
of  populations  in  large  settlements  with  minimal 
public  health  and  other  services.  Finally,  some  of 
the  linkages  between  environment  and  health  are 
considered. 
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Population  and  the  Envirohment.in 
Traditional  Cultures 

Traditional  cultures,  in  the  sense  used  here,  are 
^  cultures  that  obtain  the  necessities  of  life— food, 
energy,  fiber,  and  shelter— primarily  frorf  the  lo- 
cal environment  w^::  J'ttle  or  no  involvement  m 
regional  or  national  trade  and  commerce.  Mem- 
bers of  such  societies  are  well  aware  of  their  de- 
pendence on  a  healthy  environment  Theif' 
community  values  and  traditions  generally  reflect 
this  awareness  and  encourage  a  harmonious  and 
sustainable  relationship  with  the  environment.^ 
Over  the.  past  century  industrial  cultures  have 
spread  and  affected,  in  one-way  or  another,  all 
but  a  few  exceptionally  remote  traditional  cul- 
tures. Limited  contacts  with  industrial  society 
have  changed  some  traditional  cultures  only  a  lit- 
tle, but  in  most  cases  such  contacts  have  set  in 
motion  changes  significantly  affecting  the  foKm 
and  function  of  traditional  culture^ 

purrently,  a  majority  of  the  world^  rural  peo- 
ples, who  occupy-a  large  fraction  of  the  earth's 
land,  live  in  modified  tradit,onal  cultures  There 
are  many  such  cultures  in  the  less  developed  coun- 
tries. Even  in  the  industrialized  nations,  seme 
native  populations  still  approximate  their  former 
traditional  cultures—such  as  the  Amish  in  the 
U.S.,  the  Eskimos  in  Canada  and  Alaska,  and  the 
Samis*  (Lapps)  in  northern  Scandinavia.  But  trade, 
-  medicine,  technologies,  and  other  factors  have 
changed  practices,  values,  outlooks,  and  the  re- 
lations of  such  cultures  to  the  environment.  The 
populations  of  modified  traditional  culture^  often 
grow  at  the  world's  fastest  rates  and.  if  unchecked, 
soon  exceed  the  carrying  capacity  of  the  local  en- 
vironments on  which  they  depend  As  long  as  the 
needs  of  traditional  cultures  remain  well  below 
the  life-sup^rt  capacity  of  the  local  environment, 
population  growth  can  continue  with  mi/irmal  im- 
pacts. As  the  life-support  capacity  is  approached?* 
however,  environmental  degradation  begins! 
eroding  and  reducing  the  quality  of  life  previously 
enjoyed.  Social  tension  and  conflict  over  the  (Jiis- 
tribution  of  increasingly  scarce  tesources  often 
follows/Ultimately,  the  capability  of  the  environ- 
ment to  support  hfe  is  undermined  and  dimin- 
ished. \ 
•  Three  forms  of  traditional  cultures  (and  their 
modified  forms)  have  special  significance  for  the 
environment:  (1)  those  based  on  the  herding  of 
animals.  (2)  those  based  on  shifting  cultivation. 
^^,^nd  (3)  those  who  have  cut  tf\eir  forests  and 
:  ihl95d  to  settled  agriculture.  The  Global  liM) 
Stody's  population  projections  imply  that  the  pop- 
ulations of  a!l  three  types  will  increase  signifi- 


cantly over  the  next  two  decades,  with  the  result 
that  a  number  of  environmental  consequences  can 
be  anticipated.  Th^  effects  of  expanding  popula- 
tions of  herders  arid  shifting  cultivators  on  the 
environment  are  discussed  below.  The  environ- 
^  mental  effects  of  population  growth  among  settled 
agriculturists  are  discussed  later,  in  the  food  and 
agriculture  section  of  this  chapter. 

Cultures  Based  on  the  Herding  of  Animals 

The  world's  herding  populations,  depending 
upon  grasslands  or  savannas  to  sustain  their  live- 
stock, maintain  a  delicate,  often  tenuous  rela- 
tionship with  th^ir  local  environments.  When 
herds  are  managed  to  sustain  the  productivity  of 
grassland  or  savanna  ecosystems,  grazing  can  be 
continued  indefinitely  without  damaging  the  life- 
support  system.  However,  when  management  is 
neglected,  overgrazing  often  leads  to  the  deteri- 
oration or  destruction  of  the  rangeUnd.  The  ex- 
tent to  which  the  world's  grazing  lands  are  already 
under  pressure  is  illustrated  in  the  Free  Range 
Grazing  Pressure  Map  in  the  <;olored  map  section 
of  this  volume. 

Once  begun,  rangeland  deterioration  is  difficult 
to  control.  Most  grasslands  and  savannas  are  lo- 
cated in  semiarid  areas,  where  heavy  grazing  de- 
stroys the  ability  of  plants  to  resist  drought  and 
leads  to  eventual  loss#f  palatable  species  in  favor 
of  weed  species.^  Range  deterioration  is  almost 
always  accompanied  by  increased  soil  erosion. 
Unfortunately,  over  much  of  the  world^s  range- 
lands  today,  such  overstocking,  overgiazing,  loss 
of  vegetation,  erosion,  and  associated  negative 
impacts  on  the  hydrologic  cycle  are  accelerating 
the  conversion  of  productive  grazing  lands  to  des- 
ertlike wastelands.* 

.  The  two  primary  causes  of  the  environmental 
consequences  o^  overgrazing  are  (1)  expanding 
humah  populations  accompanied  by  increasing 
human  demands  tor  larger  herds  of  livestock  and 
(2)  efforts  to  breed  and  own  more  livestock  as  a 
means  of  increasing  incliwdual  and  cultural  wealth. 
Together,  these  two  causes  lead  to  accumulating 
individual  pressures  on  a  jointly  ifsed,  limited  re-  ^ 
source  base. 

The  protection  of  such  a  base  m  the  face  of 
population  and  economic  growth  is  an  exceedingly 
difficult  management  problem.^  Proper  manage- 
ment is  central  to  the  protection  of  grazing  lands. 
Unprotected,  any  jointly  used,  limited  resource 
suffers  a  fate  often  referred  to  as  the  tragedy  of 
the  commons.*  ^ 


•Protecting  a  jointly  used  resource  is  often  an  aspect  of  cn* 
vironmental  mani»gement  The  problems  it  engenders  will 
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The  tragedy  is  this:  Actions  that  are'ii)  the  im- 
mediate best  interest  of  each  and  every  individual 
employing  a  Jointly  utilized  (common)  resource 
are  collectively  detvimental.to  the  long-term  wel- 
fare of  the  whole  society.  In  his  classic  essay,  'The 
Tragedy  of  the  Commons/'  Garrett  Hardin  de- 
scribes the  tragedy  in  tcr  ms  of  a  grazing  commons: 

Picture  a  pasture  open'to  all.  It  is  to  be  expected 
that  each  nerdsman  will  try  to  keep  as  many^ cattle 
as  possible  on  the  commons.  Such  an  arrangement 
may^work  reasonably  satisfactorily  for  centuries 
because  tribal  wars,  poaching  and  disease  keep 
the  numbers  of 'both  man  and  beast  well  below 
.  the  carrying  capacity  of  the  land.  Finally,  how- 
ever, comes  the  day  of  reckoning,  that  is,  the  day 
when  the  tong-desired  goal  of  social  stability  be- 
comes a  reality.  At  this  point,  the  inherent  logic 
of  the  commons  remorselessly  generates  tragedy. 

As  a  rational  beiig,  each  herdsman  seeks  to 
maximize  his  gain.  Explicitly  or  implicitly,  more 
or  less  consciously,  he  asks,  ''What  is  the  utihty 
to  me  of  adding  one  more  animal  to  my  hcrd*^'' 
This  utility  has  one  negative  and  positive  com- 
ponent. * 

1.  The  positive  component  is  a  function  of  the 
increment  of  (jfte^nimrl.  Since  the  herdsman  re^ 
cei/es  all  the  proceeds  from  the -sale  of  the  ad- 
ditional animal,  the  positive  utility,  is  nearly  +1. 

2.  The  negative  component  is  a  function  of  the 
additiojnal  overgrazing  created  by  one  more  ani- 
mal. Since,  however,  the  effects  of  overgrazing 
ar^  shared  by  all  the  herdsmen,  the  negative  utility* 
\or  any  particulaf  decision-making  herdsman  is 
only  a  fraction  of  -  j.  ^ 

Adding  together  the  component  partial  utili- 
ties, the  rational  hetdsman^concludesthat  the  only 
sensible  course  for  h.m  to  ptirsue  is  to  add  another 

.  animal  to  his  herd.  Apd  auother.  .  .  .  But  this  is 
the  conclusion  reached  by  each  and  every  rational 
herdsman  sharing  a  commons.  Thetein  is  the  trag- 

^  edy.  Each  man  is  locked  intd  a  systen^  that  com- 
pels him  to  increase  his  herd  witnoyt  limit — in  a 

'  world  that  is  limited.  Rum  is  the  destination  to- 
ward which  all  men  rush,  each  pursuing  his  oWn 
best  interest  in  a  society  that  believes  in  the  free- 
dom of  the  commons.  Freedom  in  a  commons 
brings  rum  to  all.*  .  , 

Hardin  points  out  in  his  article  that  human  pop«^ 
ulation  growth  a^  unavoidably  brings  with  it  in- 
creasing demands  on  the  cnvironnjent.  These 
increasing  demands  are  perhaps  most  easily  ob- 
served in  traditional  herding  societies  vyhere  tn- 
creased  populations  lead  to  a  need  f^r  im^reased 

encountered  again  later  in  this  chapter  in  connection  with  the 
.  protection  of  forests,  fishciies.  oceans,  and  the  atmosphere 
TheexplanatioT)  of  "the  tragedy  of  the  commons"  given'abovc 
applies  wherever  the  tragedy  of  the  commons  is  mentioned 
elsewhere  in  the  lextys^, 


herds,  which  in  turn  lend  to  degradation  ot  the 
commons.  ^ 

Degradation  of  a/onimons  gives  rise  to  a  wide 
range  of  environi!iental  and  societal  stresses.  In 
many,  casps,  r>ocial  conflicts  have  their  ^ource  in 
the  deterioration  or  destruction  of  a  common  re- 
source base.  One  of  the  earliest  recordec)  illustra- 
tion^ of  social  stress  caused  by  growing  human 
and  livestock  populations  utilizing  a  limited-re-  ? 
source  commons  is  the  account  of  the  experiences 
of  Lot  and  Abram  (later  Abraham)  in  the  13th 
chapter  of  Genesis.  In  the  biblical  case, ^heir  cat-  ' 
t!e  and  herds  became  so  numerous  (as  a  result  of 
the  increases  in  their  population  and  wealth)  that 
*'the  land  couid  not  support  them."  Eventually; 
fighting  broke  out  between  the  herdsmen  of  the 
two  families.  To  resolve  the  conflict,  Abram  pro- 
posed to  Lot  that  the  two  families* separate  and 
gave  Lot  his  choice  of  where  to  gC.  J-ot  chose  to 
move  toward  Sodom  and  the  other  towns  along 
the  river  Jordan;  Abram  chos^  the  hills  of  Ca- 
naan.' '  -  . 

.The  Genesis  solution — separation  and  "move- 
ment into  new,  resource-rich  commons — is  not  a 
true  solution  to  the  Uagedy  of  the  commons  be- 
cause it  is  effective  only  until  all  of  the  entire 
commons  is  threatened  with  overuse  and  destruc- 
tion. At  this  point  the  basic  nature  of  the  tragedy 
can  no  longer  be  ignored,  and  true  solutions  must 
be  sought.  In  hh  essay.  Harden  seta  forth  his  rec- 
ommended solution — mutual  coereion,  mutually 
agreed  upon — and  explains  a  number  of  successful 
applications  of  this  solution.*  (Fishing  licenses 
and  catch-limits  to  protect  the  sport-fish  popula- 
<  tions  of  the  commons — lakes  and  streams — are  an 
example  of  Hardin's  '^mutual  coercion,  mutually 
agreed  upon.'') 

American  Indians^  Eskimos,  Lapps,  and  many 
other  traditional  cultures  evolved  solutions  to  the 
tragedy  that  hfnit  theft  demands  on  resources  held 
in  common.'  Often  |hese  solutions  are  based  on 
myths,  traditibns,  technologies,  and  cultural  prac- 
tices that  are  displaced  following  contacts  with 
industrial  society.  The  results  are  generally  dis- 
ruptive and  sometimes  disastrous.*  In  the  case  of 
herding  societies,  the  disruptive  influences  often 


*Jn  a  more  recent  essay,  f^ardin  discusses  his  solution  in  terms 
of  notional  efforts  to  protect  btolic  res(»urces  from  the  tragedy 
of  the  commons  and  concludes  that  protection  of  biolic  re- 
sources IS  possible  under  either  socialism  or  free  enterprise 
but  not  undor  the  system  of  unregulated  commons  iGarret! 
Hardir?.  "Political  Requirements  for  Preserving  Our  Common 
Heritage,"  Ch  20'in  Council  on  Environmental  Quality.  Wild- 
hfe  and  Amenca'  Washington  Government  Printing  Office, 
1979)  Hardin  and  John  Baden  propose  other  solutions  in 
Mannging  the  Commons  {San  Ft dnasco  Freeman,  1977) 
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TA;..LE  13-2  .  ^• 
Numoer  of  Cattk  asd  Nuiuber  of  Sheep  and  Goats,  195S-2000 

itn  mtliions  pf  head)  ' 
 ,  Cattle  Sheep  and  Goits 


1 


r>eveloping  market  *^c©nom«cs*  * 
Africa  ,  r 

FarEast  |  \ 

Ajnenca 
Near  East  ' 

Asian  centraJly  planned  economies 

Subtotal      *  " 

Developed  market  economies^ 
North  Africa 
Western  Europe  ,  ' 
Oceanja 

Eastern  Europe  and  the  U  S  S  R. 
*  Subtotal 
World  Total 


1955 


Annual 
Growth* 


1976  2000* 


1955 


Annual 
Growth* 


1976  2000- 


514.3 

214.8 
175  7 
28.6 

57  5 

571.8 

225.0 
106  4 
82  0 
21  7 

81.2 

306  2 

S78.0 


1.7 
1.7 
09 
"74 
29 

1.2 

1  6 

16^ 
t6 
i  1 
4.7 

3.7 

22 

1  8 


696.3 
129,9 
254.0 
265.6 
46.2 

71,6 

767  9 

302,0 
141.7 
-  ^  100.6 
43.2 

143.^ 

445.9 

1213.8 


904.3 
169.^8 
298.8 
368.3 
66,3 

87.7 

9920 

390.0 
.182.0 
121.9 
67.8 

215.6  . 

605  6 

1597  6 


587  8 
150.3 
130.5 
155.9 
150.8 

101. 6* 

689  4 

364,8 
35.3 
115.7 
170.1 

146  7 

511  5 

U00.9 


1.3 
2.1 
1.7 
0.2 
!.5 

■2.5 

1.5 

-0.1 
-2.7 
-0.5 
1.0 

1.1 

0.3 

1.0 


754  3 
216.8 
176.6 
161.4 
199.3 

154.8 

909.1 

359,6 

205.0 
182.0 
541.6 
1430  7 


944.6 

292.8 
229.3 
167.7 
254.7 

215.6 

1160.2  V 

353.7 
0 

.5 
244.9 

222.3  . 

576.0 

1736.20 


*  Wrr  T>'SmeofFoo4mdAgnci^n^l977.  Rome  Food  anrf  AtncuJwre  OT,aiitt«uon.  No*  im^q.  3  pp  3>|6(d«fl) 
ipcttidmi  country  in  ttgtimi  not  specified 


come  through  modern  medical  technology,  vet- 
erir  try  medicine,  and  incre^ased  access  to  water.  * 
The  conscqu.ence  is  often  a  growth  in  human  and 
animal  populations  that  cannot  be  sustained  on 
the  available  grazing  landV* 

Lands  suitable  for  grazing  are  limited,  and  al- 
ready available  rangelands  arc  ov,^rpopulated  by 
livestock  iji  many  area-  (as  in  the  Free  Range 
Grazing  Pressure  map  in  the  colored  map  section 
of  this  volume).  Data  on  this  probkm  ^re  liir  *cd. 
but  its  seriousness  is  illustrated  by  recent  and  pro- 
jected trends  in  numbers  of  cattle.  sh?ep.  and 
goats.  Table  J3-2  summarizes  such  livestock  data 
for  1955  and  1976  and  projects  the  1955-76  trends 
to  the  year  2000. 

The  U.N.  Food  and  Agriculture  Organization 
(FAO)  estimates  that  between  1955  and  JS76. 
world  cattle  populations  grew  by  more  than  330 
million  head.  If  these  trends  continue,  approxi- 
mately 380  million  additional  cattle  will  be  added 
to  the  world's  herds  Hy  2000.  In  North  America, 
the  Soviet  Union.  Japan,  and  Europe,  a  signifi- 
cant portion  of  the  growth  in  herds  ha^  been  on 
loedlots,  but  elsewhere  much  of  the  growth  is  on 
open  rangelands. 

Much  of  the  global  growth  of  cattle  herds  is 
projected  ^o  occur  in  the  developing  market  econ- 


oijiies— from  696.3  million  head  in  1976  to  904.3 
million  in  2000.  an  increase  of  more  than  200 
million  head.  Oceania.  Eastern  Europe,  and  the 
U.S.S.R.  have  experienced  the  world  s  most  rapid 
growth  in  cattle  populations!  Oceania's  cattle  pop- 
ulations, with  the  world's  highest  growth  rale  af 
4.7  percent  per  year,  almost  doubled  in  twojdec- 
adcs.  from  21.7  million  in  1955  to  43.2  million  in 
1976.  Eastern  Europe  and  U.S.S.R.  cattle^op- 
ulations  grew  at  3.7  percent  per  year  over  the 
1955-76  period,  from  81.2  million  to  14.  mil- 
lion,  and  by  2000  are  projected  to  reach  215.6 
million.,  more  than  three  time;  1955  levels. 

The  most  rapid  recent  increases  in  shvep  and 
goats  have  been  in  Africa  and  the  Asian  centrally 
planned  economies.  Between  1955  and  1976  Af- 
rican sheep  and  goat  populations  grew  by  66.5 
million,  and  in  the  Asian  centrally  planned  econ- 
omies, they  rose  by  53.2  million.  Sheep  and  goat 
populations  in  North  America  and  Western  Eu- 
.rope  have  been  declining.  If  present  trends  con- 
tinue, sheep  and  goats  will  have  largely  disappeared 
from  North  America  by  2000.  whereas,  world- 
wide, sheep  and  goat  populations  are  projected 
to  increase  by  more  than  280  million  head  be- 
tween 1976  and  2000. 
These  recent  and  projected  livestock  in- 
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creases— many  of  them  cQnccnliatfcd  in  the  al- 
ready heavily  utilized,  fragile  grasslands  of  Eurasia, 
the  Near  East,  Africa,  the  Far  East,  Oceania,  and 
Latin  America— signal  accelerating  rapgeland  de- 
terioration, soil  erosion,  and  desertification  in 
these  areas.  In  describing  the  seriousness  of  the 
prospects,  the  FAO  recently  reported  that  global 
uvestock  p(  alation  giowth  has  led  to  _ 
the  serious  deterioration  of  grazing  land,  partic 
\  riy  in  the  Sahelian  and  Sudanian  zones  of  Af- 
rica, an4  in  parts  of  the  Near  East,  the 
Mediterranean  and  North  Africa.  The  grazing  re- 
sources in  these  areas  are  to  a  large  extent  und^r 
arid  and  semi-arid  conditions,  and  some  of  them 
have  already  been  threatened  for  hundreds  and 
sometimes  tnousands  of  years  by  overuse,  leading 
to  complete  changes  in  the  vegetation,  which  have 
left  only  shrubs  of  low  palatability.  Further  in- 
creases m  Rrjizing  pressure  and  aggravated  misuse 
result  in  the  complete  devastation  of  all  vegeta- 
-  tion,  which  finally  ends  in  desertification.  The 
problem  has  been  magnified  by  the  encroachment 
of  cropping  onto  the  grazing  area,  as  a  result  of 
faster  population  growth  outside  the  range  area. 
Similar  problems  exist  in  other  arid  and  semi-arid 
areas,  for  example,  in  continental  Eurasia,  in  In- 
dia and  Pakistan,  and  in  Northeast  Brazil." 

The  dlobal  2000  Study  projects  further  popu- 
lation growth,  both  within  and  outside  of  the 
worid's  major  grazing  lands.  Such  growth  will  in- 
tensify the  pressure  on  these  grazing  resources, 
either  for  conversion  to  cropland  or  for  feeding 
increasing  numbers  of  live  Jock. "  In  a  time  when 
many  of  the  world's  free  grazing  commons  have 
already  been  overgrazed  beyond  their  ability  to 
recover,  the  prospect  is  for  even  greater  devas- 
tation of  the  world's  remaining  grazing  commor*^^ 
by  the  year  2000. 

If  the  consequences  of  overgrazing  are  to  be 
avoided  in  the  areas  of  the  worM  so  threatened, 
efforts  will  be  needed  to  relate  future  herd  sizes 
to  the  feed  resources  available.  A  pi  eering 
global  study  of  livestock  feed  resources  .  id  live- 
stock populations  has  been  completed  by  the 
Winrock  International  Livestock  Researc"  and 
Training  Center,  Morrilton,  Arkansas.  ^- 
rock  study  starts  from  an  assessment  "  ^al 
livestock  feed  resources  and  the  potential  for  their 
development.  This  feed  potential  is  then  related 
to  herd  sizes  and  composUion  (to  provide  piojec- 
tions  of  possible  ruminant  populations  in  2000) 
and  to  the  contributions  these  animals  could  make 
toward  meeting  human  needs. 

The  Winrock  projections  of  feed  resources  and 
ruminant  populations  are  summarized  in  Tables 
13-3  and  13-4.  Worldwide,  the  Winrock  study 
foresees  the  possibility  of  a  13  percent  increase 
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in  forage  feed  sources,  a  75  percent  increase  in 
grain  feed,  a  68  percent  increase  in  feed  from  by- 
products of  the  agricultural  industry,  a  98  percent 
increase  in  feed  from  oilseeds,  and«  21  percent 
increase  in  feed  from  crop  residues— an  overall 
increase  in  ruminant  feed  resources  of  18  percent 
over  the  1970-2000  period.  Based  on  these  esti-. 
mat^s  of  feed  resources  and  improved  livestock 
management,  Winrock  projects  that  the  world's 
herds  could  increase  over  the  1972-2000  period 
as  follows:  cattle  by  27  percent;  buffalo  by  29 
percent;  sheep  and  goats  by  40  percent;  total  ru- 
ninants  (cattle,  buffalo,  sheep,  and  goats)  by  34 
percent.  The  prospects  for  increases  vary  mark- 
edly from  region  to  region— from  i  high  of  56 
percent  for  sheep  and  goats  in  middle  America 
to  no  increase  in  a  number  of  other  areas. 

The  Winrock  projections  differ  in  important 
ways  from  the  relatively  simple  trend  projections 
presented  in  Table  13-2.  The  Winrock  projections 
start  with  the  feed  resources  and  attempt  an  as- 
sessment of  how  these  could  be  developed.  Since 
the  projections  of  Table  13-2  are  not  as  con- 
strained, by  feed  resources,  somewhat  different 
results  are  therefore  to  be  expected.  The  pro- 
jected cattle  populations,  for  example,  differ  in 
that  the  Winrock  estimates  of  potential  growth 
arc  smaller.  On  the  other  hand,  Winrock  believes 
that  the  feed  resources  are  potentially  available 
for  a  larger  increase  in  sheep  and  goats.  However, 
whatevei  the  animal  and  whatever  the  increase, 
impioved  range  management  methods  will  very 
much  be  needed  if  severe  overgrazing  of  forage 
resources  is  to  be  avoided  in  the  decades  ahead. 
The  projected  increases  in  herding  populations 
can  only  increase  the  already  severe  pressure  on 
range  and  grassland  resources  in  many  parts  of 
Asia,  the  Middle  East,  north  and  central  Africa, 
and  Central  America. 

Cultures  Based  on  Shifting  Culiivation 

Like  the  herdsmen  just  discussed,  the  cultiva- 
tors of  traditional  ctUures  also  place  intensifying 
pressure  on  the  environmental  commons  as  their 
populations  grow.  Ac  )rding  to  one  estimate,  25 
percent  of  the  worid's  land  surface— primarily  in 
tropical  or  subtropical  regions— is  occupied  by 
about  300  million  people  who  practice  shifting 
cultivation. "  (See  the  Land  Use  Patterns  map  in 
»hc  colored  map  section  of  this  volume.)  In  some 
areas,  traditional  agriculturists  practicing  shifting 
cultivation  oh  lands  that  cannot  sustain  continual 
intensive  agricultural  use  are  beginning  to  damage 
permanently  the  productivity  of  the  area  and  to 
reduce  its  carrying  cepacity. 
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TABI.E  lSn3 

Winrock  Pn>]ectioM  of  World  Feed  Resoi^  for  Ruminants,  by  R^ion 

!n  buttons  of  Meal  (10^  caiones) 


Forate  Sosrm  and  Grain 

Forage  Sources 


Permanent  Pasture  and 
Meadows 


North  America 
Middle  AiAerica 
South  America 
Western  Europe 
Eaatem  Europe 
U.S.S.R. 
China 

North  Africa,  Middle  East 
Central  Africa 
Southern  Africa 
Indu 

South  and  Southeast  Asia 

Japan 

Oceania 

Rest  of  world 

World  total 


Arable  Lands       Nonagricultural  Lands 


1970 


^000 


1970 


2000 


1970 


470 

215 
M30 
310 
115 
300 
250 
180 
850 
190 
15 
70 
5 

580 
140 

4,820' 


515 
350 
1,170 
310 
145 
310 
360 
200 
900 
205 

55 
445 

10 
495 
'  140 

5,610 


615 

60 
230 
220 

85 
575 

75 
150 
240 

25 
415 
220 

25 

175  ~ 
5 

3,115 


700 

70 
295 
220 

85 
670 

85 
230 
300 

30 
*  450 
245 

25 
360 

10 

3,775 


175 
30 

230 
40 
10 
15 
20 
15 
^310 
15 
15 

130 
1 

10 
3 

1.019 


2000 


125 
15 

110 
30 
10 
15 
15 
10 

300 
15 
10 
50 
1 

10 

3 

719 


Gram 


1970 


205 
3 

15 
95 
35 
50 
2 
5 
1 
3 
3 

15 
1 

439 


2000 


335 
5 

15 
170 

65 
100 

15 
1 

5 

15 
5 
15 
15 
1 

767 


Agri-Industry 
By-products 


Other  SMfrcci 

Oilseeds         Crop  Residues 


1970      2000      1970  2000 


1970 


2000 


World  Total  Percent  of  WoHd 
1970        2000       1970  2000 


North  America                      15  20 

Middle  America                      i  i 

South  America                       5  10 

Western  Europe                    lO  15 

Eastern  Europe                      5  10 

U.S.S.R.                             25  30 

China                                5  5 

North  Africa^  Middle  East           5  20 

Central  Africa                      lo  lo 

Southern  Africa                      i  i 

30  65 

South  and  Southeast  Asia           10  20 

Japan                               2  2 

Oceania                             3  5 

Rest  of  worid                        1  1 

World  total                    128  215 

Sonrw  H  A  rnslHiht.H  J  Hodpon  O  J  Scoviilc  T  D  Nguyen  awJT  C  Bycriy 
Uvtsiock  Rcicarch  and  Traminf  Center.  Apr  I97« 


25 
1 
2 

25 
5 

10 
1 
2 
1 
1 
5 
1 
2 
1 
1 

83 


55 
1 
5 

55 
10 
15 
1 
2 
1 
1 
5 
1 

10 
1 
1 

164 


440 

65 
195 
275 
175 
370 
540 
110 
130 
25 
270 
235 
45 
35 
35 


500 

80 
325 
280 
180 
430 
595 
135 
160 

35 
350 
300 

45 
105 

40 


1,945 
375 

1,807 
975 
430 

1.345 
893 
467 

1,542 
260 
753 
667 
85 
819 
186 


2,250 
522 

1,930 

1.080 
505 

1,570 

1,066 
612 

1,672 
292 
950 

1.066 
108 
991 
1% 


2,945      3,560      12.549  14,810 


16 


6 

2 

100 


100 


The  Role  of  Ruminmnts  m  Support  of  M»n,  Morrilton  Ark  .  Wmrock 


When  conducted  in  moderation  on  suitable 
slop^  and  at  human  population  levels  within  the 
curying  capacity  of  the  environment,  shifting  cul- 
tivation is  a  sound  and  appropriate  practice.  Un- 
der moderate  demands,  shifting  agriculture  is 
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usually  sustainable  for  long  periods  of  time  and 
with  low  requirements  for  energy  subsidies  or  ex- 
ternal capital.  A  recent  U.N.  report  noted  that 
shifting  a^culture  ''achieves  high  productivity 
per  man-day  with  small  capital  investment.  .  .  . 
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TABLE  13^ 

Winrock  Projections  of  World  Ritmbuuit  Populatkms,  by  Rcgioii 


Cattle  Buffalo  Sheep  and  Goau  Cameb* 


1972 

2000 

— 
Percent 

Increase 

1972 

2000 

Percent 
Increase 

1972 

2000 

Percent 
Increase 

millions 

mUliops 

'  mtUions 

Noith  America 

1 VI 

21 

25 

19 

iwioaiv  America 

59 

5] 

- 

16 

25 

56 

90UII1  AincncB 

190 

Zoo 

51 

0.1 

51 

6,154 

wetiern  curopc 

89 

107 

0.1 

0.1 

Q 

94 

113 

20 

Eastern  Europe 

35  • 

42 

20 

03 

0,5 

67 

43 

52 

21 

_ 

U.S.S.R 

102 

123 

21 

U.4 

145 

218 

50 

307 

China 

o3 

82 

30 

29  7 

386 

30 

129 

194 

50 

17 

North  Africa,  Middle  East 

44 

57 

30 

4.8 

6.2 

29 

216 

323 

50 

6465 

Central  Africa 

116 

150 

30 

157 

235 

50 

7,656 

Southern  Africa 

16 

19 

19 

45 

•  67 

49 

India 

179 

179 

0 

57.9 

75  3 

30 

108 

130 

20 

1,464 

South  and  Southeast  Asia 

75 

112 

49 

33.2 

43.1 

30 

75 

11? 

'  51 

K489 

Japan 

4 

4 

0 

Oceania 

37 

33 

19 

224 

269 

20 

Rett  of  world 

11 

13 

18 

19 

27 

42 

1,059 

.  World  total 

1.130, 

1.435 

27 

126  6 

168.8 

29 

1.435 

2.005 

40 

24,311 

SotiKt  H  A  FitxhHSh.H  J  Hodpon  O  J  Scovilk.T  D  N|uycn  andT  r  Bycrtv  Tkr  Hoir  of  Ruminmpm  Support  of  Mmn^fAomHoa.M  Wimtxk  ImenurtiOMl 
Livcsiock  RcMirdi  tml  Tfiming  Cwwr  Apt  j9"1 
*  CmicI  popttkiuom  were  noi  available  for  1972 


cultivators.  In  the  forestry  projections  in  Chapter 
8,  approximately  one  fifth  of  the  world's  remain- 
hig  forests  are  projected  to  be  removed  by  2000. 
By  far  the  largest  portion  of  the  forest  losses  will 
occur  in  (tevelopin^  countries  with  large  popula- 
tions of  shifting  cultivators.  As  a  result  of  reduced 
forested  areas  and  the  spread  of  settled  agricul- 
ture, shifting  cultivators  will  be  forced  to  return 
with  increasing  frequency  to  lands  previously 
cleared  and  cultivated.  Fallow  periods  will  una- 
voidably shorten,  leading  to  nutrient  losses,  ad- 
verse riiifts.  in  ^he  species  composition  in  the 
naturally  occurring  flora  and  fauna  (a  reduction 
of  overw  species  diversity  and  an  increasing  pre- 
ponderance of  weed  species),  and  deleterious  al- 
terations of  the  soil  structure.  Although  aops 
may  be  grown  temporarily  in  sojpe  areas  f ollowi'^g 
a  short  fallow  period,  the  ultimate  result  of  short- 
ening the  fallow  cycle  is  increaf  A  nutrient  leach- 
ing from  ftoils,  aoceleratins  competition  from 
weeds,  and  declining  yields. " 

The  projected  growth  of  shifting  cultivator  pop- 
ulations will  abo  lead  to  increased  use  of  marginal 
and  submargtnal  lands.  Such  lands  have  generally 
been  avoided  in  the  past  because  of  the  known 
agricultural  risks  and  low  yields  typical  of  such 
ar^at.  However,  as  good  land  becomes  scarcer, 
the  erosion-prone  soito  of  steep  slq>es  and  the 
lateritic  soils  of  humid  tropics  are  likely  to  be 
cultivated.  Steep  slopes  erode  rapidly  when  cleared, 


If  cultivation  is  not  prolonged,  rapid  regeneration 
of  secondary  forest  vegetation  occurs  when  the 
land  IS  abandoned.** 

The  importance  of  the  pnrase  '*if  cultivation  is 
not  prolonged**  must  be  emphasized.  Sustainable 
shifting  agricultural  requires  periodic  fallow  pe- 
riods for  the  cultivated  lands  to  rebuild  soil  fer- 
tility," 

llie  possibilities  for  maintaining  an  adequate 
fallow  cycle  are  closely  related  to  size  of  the  shift- 
ing cultivator  population,  and  to  the  land  area 
available.  The  Global  2000  Study *s  projections 
suggest  that  the  size  of  these  populations  will  in- 
crease by  50-70  percent  by  2000.  The  amount  of 
land  burned*  and  cultivated  each  year  by  shifting 
ctiltivators  will  also  increase.  Where  will  this  land 
come  Arom? 

Virgin  forest  lands  are  not  likely  to  be  available 
to  meet  all  of  the  increased  land  needs  of  shifting 


*Littk  hat  been  wrinen  about  the  local  aad  |k>bal  effects  on 
air  quaUty  and  dirnatf  of  burning  for  agricultural  clearing  and 
weed  oontrol,  but  aoddental  forest  fires  have  icmewhat  similar 
effects  (see  *'Air  Quality  and  Smoke  'rom  I'cban  and  Forest 
Fitcs:  An  I&ttniatiofial  Sympoaium,"  Washington:  National 
Academy  of  Sciences,  1976).  One  of  the  primary  atmospheric 
effects  is  thought  to  be  a  large  contribution  of  pardculates.  It 
is  now  also  thought  that  thb  burning  contributes  to  the  ac< 
cynulatiflg  ooocentratioiis  of  carbon  dioxide  in  the  earth's 
atmosphere  (Oeorge  M.  WoodweU  et  al.,  The  Carbon  Diox- 
ide Problem:  Impfications  for  Policy  in  the  Management  of 
Energy  and  Other  Resouroei,**  report  to  the  Council  on  En- 
virjomental  Quality,  July  1979.) 
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incieasirg  floodtng,  droirghtt  and  sihation  down- 
stream. Similarly,  lateritic  trppical  soils  can  quickly 
b^xnne  unproductive  when  misused.  If  intensive 
shifting  cultivation  is  continued  in  such  areas, 
even  the  forest'sv  ability  to  regenerate  can  be 
threatened. 

The  populations  of  traditional  cultures— both 
hercTzmen  and  shifting  cultivators^— already  exert 
large,  population-related  environmental  effects 
on  approximately  a  quarter  of  the  world's  land 
area.  The  Land  Use  Patterns  map  and  Free  Range 
Grazing  Pressure  map  (in  the  colored  map  sec- 
tion) show  large  expanses  of  the  globe  now  peo- 
pled by  Aerdsmen,  pastoralists,  and  peoples 
practicing  shifting  crop  culiure.  Although  data  on 
these  populations  and  their  effects  on  the  envi- 
ronment are  quite  limited,  most  experts  agree  that 
large  and  growing  numbers  are  in^lved.*  Ah 
ready  major  reductions  in  the  productivity  of  parts 
of  Eurasia,  the  Near  East,  Africa,  Oceania,  and 
Latin  America  have  been  observed. "  Some  of  the 
productivity  losses  are  very  severe.^  Reductions 
in  land  productivity  by  as  much  as  90  percent  were 
reported  for  several  areas  during  the  1977  U.N. 
Conference  on  Desertification." 

The  Global  2000  Study's  population  projections 
indicate  that  by  2000  the  populations  of  traditional 
cultures  will  have  increased  significantly,  nearly 
doubling  in  some  areas.  If  present  trends  con- 
tinue, these  populations  can  be  expected  to  con- 
tinue growing  well  into  the  21st  century/  but  it 
some  areas,  the  trends  may  change.  Evidence  is 
accumulating  tlTat  agricultural  and  grazing  lands 
in  parts  of  Afiica,  Asia,  the  Near  East,  and  Latin 
Amerka  are  already  under  such  heavy  stress  that 
they  simply  cannot  be  expected  to  retain  their 
present  productivity  through  another  two  decades 
of  intensifying  human  and  animal  p9pulation  pres- 
sure.** In  such  areas,  further  population  growth 
makes  major  losses  of  biological  life-support  ca- 
pacity virtually  inevitable. 

Population  and  the  Environment  in 
Industrialized  Cultures 

Like  traditional  cultures,  modern  industrial  cul- 

•Enk  Eckholin  potnU  out  that  many  of  the  cultivators  re- 
spoMiMe  for  deforestatkm,  soil  erosion,  etc.,  are  not  "tradi- 
tioQii**  ihtfdng  cultivaion  but  rather  landless  castoffs  of 
modem  development  processes.  They  are  ipt  ecologically 
skilled  like  tribal  people,  b  jt  are  trying  to  farm  wherever  they 
can^Drivcn  by  populaUon  growth,  unequal  land  tenure,  and 
unwaploymem,  these  people  are  moving  onto  hillsides  and 
deiert  margvu.  Poverty  itself  is  a  cause  of  some  forms  of 
fP^^^^MPenm  deterioration.  (Erik  Eckholm,  The  Dispos 
m$€d  ofthi  Emh:  Land  Reform  and  Susiamable  Develop- 
mem,  Washington:  WorldWatch  Institute,  June  1979.) 


tures,*  place  population-related  pressures  on  the 
environment.  They  face  the  same  basic  problem 
of  the  tragedy  of  the  commons,  but  tiiere  are  at 
least  thivC  important  differences  between  indus- 
trial and  traditional  cultures.  First,  an  additional 
person  in  an  industrial  society  makes  larger  de- 
mands on  the  world's  resources  than  does  an  ad- 
ditional person  in  a  traditional  society.  Second, 
the  environmental  pressures  produced  by  an  ad- 
ditional person  in  an  industrial  society  are  trans- 
mitted by  transportation  and  commerce  over  a 
much  wider  geographic  area  than  are  those  of  an 
additional  person  in  a  traditional  society.  Third, 
the  economies  of  industrial  cultures  are  much 
more  complex  than  those  of  traditional  cultures, 
complicating  the  analysis — and  even  the  percep- 
tion—of population-related  environmental  im- 
pacts of  industrial  cultures. 

It  is  often  asserted  that  some  small  percentage 
(e.g.,  6  percent)  of  the  worid's  population  living 
in  industrial  cultures  consumes  some  dispropor- 
tionately large  share  (e.g.,  60  percent)  of  the 
world's  resources.  While  this  assertion  is  true  in 
some  generalized  sense,  the  percentages  often 
quoted  are  not  as  easily  developed  as  the  asser- 
tions might  suggest.  One  of  the  major  difficulties 
in  comparing  the  resource  consumption  (e^g.  com- 
mercial energy)  of  an  "average'^  person  in  an  in- 
dustrial sipciety  with  that  of  an  "average"  person 
in  a  traditional  society  is  that  the  indust^al  person 
Uses  a  significant  portion  of  the  resources  to  pro- 
duce products  that  are  ultimately  exported  and 
**consumed"  in  (jther  countries.  Food  is  probably 
the  resource  that  is  easiest  to  compare  direcily 
because  relatively  little  human  energy  (the  end 
product  of  food  consumption)  is  exported  as  com- 
pared to  the  human  energy  exported  in  industrial 
products,!  Tables  13-5  and  13^  present  data  on 

*The  populations  of  most  industrial  cultures  and  nations  are 
increasing  both  as  a  result  of  natural  increaK  and  as  a  result 
of  immigration.  The  effects  of  immigration  are  discussed 
brieOy  in  Chapter  2.  One  of  the  problems  associated  with 
demographics  in  industnal  cultures  is  that  tho* :  immigrants 
who  enter  a  country  illegally  avoid  contact  with  the  govern- 
ment and  are  often  not  counted  in  official  census  figures.  As 
immigration  continues,  the  demographic  importance  of  un- 
counted persons  will  increase.  A  demographic  analysis  by 
Robert  Cook  (available  from  the  Environment  Fund.  Wash- 
ington) suggesU  that  as  of  mid-1979,  the  official  population 
figures  for  the  United  States  arc  about  3  percent  low,  in  part 
because  of  uncounted  immigrants  residing  illegally  in  the  U.S. 
Concern  has  already  been  expressed  about  the  accuracy  that 
will  be  achievable  in  the  1980  Census  (T  R.  R  Rcid,  ^Billion. 
Dollar  Nosecount  of  '80  Fated  to  be  Wrong,"  Washington 
Post,  June  10,  1979,  p.  A2) 

tEven  here,  the  companson  is  not  clear>cut  because  there  is 
a  significantly  higher  human  energy  content  in  the  goods  ex- 
ported by  traditional  cultures  (such  as  onental  rugs)  than  in 
most  industrial  goods. 


ERLC 


301 


ENVIRONMENT  PROJECTIONS 


239 


TABLE  1» 
AbdimI  Grain  Consnmption  per  Capita  in  the  20 
Moft  Populous  Countries,  1975* 


Kilograms 

United  States 

708 

U.S.S.K. 

645 

spun  * 
France  ^ 

508 

446 

Federal  Republic  of  Germany 

441 

T^ey 

415 

Italy 

413 

United  Kingdom 

394 

Meiico 

304 

Egypt 

286 

Japan 

2U 

Bruil 

^  239 

Thailand 

225 

Feople*t  Republic  of  Chma 

218 

BangMesh 

203 

Pakiitan 

171 

Philippines 

157 

lodoiiesia 

152 

India 

150  ' 

Nigeria 

92 

Sourer  Lcsler  R  Brown.  THt  TWmy  Nuuh  Dmy,  New  York  Nonon.  1978.  p 
»> 

*  ladwtet  gnun  oottttimcd  both  dirtily  «nd  indirectJy  (in  the  form  of  meat  milk. 


the  food  and  commercial  energy  consumption  per 
capita  in  the  20  most  populous  countries.  The  rcl> 
atively  "industriaP*  nations  clearly  tend  to  have 
substantially  higher  per  capita  consunlption  ^Df 
both  food  and  energy  than  the  relatively  *'tradi- 
tional**  nations.  ( 
Another  approach  to  comparing  the  resource 
and  environmental  impacts  of  industrial  and  tra- 
ditional societies  is  to  compare  the  discarded 
waste  from  each.  In  traditional  societies  very  few 
resources  are  lost  as  waste.  Even  human  excre- 
ment is  returned  tojjiie  soil  where  it  adds  nu- 
trients. In  iqdustriaKiprieties,  wastes  of  every 
land  are  extehsive  and  environmentally  damag- 

In  the  United  States,  for  example,  industrial 
solid  wastes  generated  in  1977  totaled  about  344 
million  metric  tons,  and  the  amount  of  these 
wastes  is  growing  at  about  3  percent  per  year.^ 
The  Council  on  Environmental  Quality  (CEQ) 
reports  that  solid  wastes  from  residential  and  com- 
mercial sources  were  estimated  at  130  million 
metric  tons  in  1976.  Based  on  present  trends  and 
polides,  the  projection  for  1985  is^  180  million 
metric  tons.  These  rising  waste  generation  rates 
reflect  increasing  use  of  raw  materials  and  en- 
ergy.* Currently,  the  average  person  in  the 
United  States  produces  about  1,30U  lbs.  of  mu- 
nicipal solid  waste  annually.  ^ 


N      TABLE  13-4 
Energy  Consumption  per  Capita  in  the  20  Most 
 Popukms  Countries,  1974* 

Kilograms 
of  Coal 
Equivalent 


United  States 

Federal  Republic  of  Germany 

United  Kingdom 

IJ.S.S.R.. 

France 

Japan 

Italy 

Spain 

Mexico 

Brazil 

People's  Republic  of  China 
Turkey 

Fgypi 

Philippines 

Thailand 

India 

Pakistan  $ 
Indonesia 
Nigena 
Brngtfdesh 


11,495 
5.689 
5.464 

5,252 
4,330 
3,839 
3,227 
2.063 
1,269 
646 
632 
628 
322 
309 

*3oa 

201 
.  188 
158 
94 
31 


Source  Lester  R  Brown.  TV  Twenty  Suuk  Day,  New  >ork  Norton.  197S.  p 
202 

*  Eitdvdes  firewood  and  dung 


The  cost  of  disposing  of  this  waste  is  high — $9 
billion  in  1977 — and  the  rate  of  resource  recovery 
is  low — about  7  percent."  CEQ  reports*  that  the 
recovery  rate  could  be  tripled  by  individuals  set- 
ting aside  recyclable  materials  such  as  newspa- 
pers, glass,  and  metal  for  separate  collection  or» 
delivery  to  recycling  centers.^  The  composition 
of  municipal  refuse  generated  in  the  United  States 
in  1977  is  illustrated  en  Table  13-7.  In  addition  to 
reducing  per  capita  mineral  resource  demands,* 
recycling  has  energy-saving  and  environmental 
advantages.  CEQ  reports,  for  example,  that  mak- 
ing steel  reinforcing  bars  from  scrap  instead  of 
from  virgin  dre  takes  74  percent  fess  energy  and 
51  percent  less  water,  creates  86  ^H^nX  less  air 
pollution  emissions,  and  generates  97  percent  less 
mining  wastes.^' 

Per  capita  wastes  and  demands  on  environ- 
mental and  other  resources  in  the  United  States 
are  not  typical  of  all  industrial  societies,,  but  in 
general  an  ''industrial  pe^rson**  seems  likely  to 
have  a  larger  impact  on  the  world*s  resources  and 


*Since  ihis  teit  was  written,  CEO  has  reported  further  on 
resource  recovery.  (See  Council  on  En^iifonmental  Ouality. 
"Municipal  Solid  Wastes,'*  in  EnvirtMmeniai  QuMy  the 
Tenth  Anmrni  Report  of  the  Council  on  Environmenud  QusHty, 
Washington:  U.S.  Goveroment  Printing  Office,  1979.) 


ERIC 


302 


240 


THE  PROJECTIONS 


TABLE  13-7 

F^rt^onsumer  Rcddenti.1  «hI  CopmerdU  Solid  W«te  Generated  and  Amounts  Recorered,  by  Type 

of  Material,  1977  *  »  y  J'l* 

{As-generated  wet  weight,  m  mtiltons  of  tons} 


Material  Recovery 


Net  waste  disposed  of 


Gross 
Discards 


Piper 
Glitt 
Metals 

Ferrous 

Aluminum 

Other  nonferrous 
Plastics 
Rubber 
Leather 
Textiles 
Wood 

Total  nonfood  product  waste 

Food  waste  : 
Ya'd  waste 

Miscellaneous  inorganic  wastes 
subtotal 

Energy  recovery 

Total  recovery 
Total  net  disposal 


49  2 
14.7 
13,7 
11.9 
1.4 
04 
5.3 
3.3 
0.6 
3.0 
4.7 

94.5 

23.8 
27,3 
22 

147.8 


Quantity       Percent  Quantity 


10.2 
0.5 
0.4 
0.3 

o.r 

0.0 
0.0 
0.2 
0.0 
0.0 
0.0 

11.3 

0.0 
0.0 

0.0 

11  3 
+  0  7 

12.0 


20.7 
3.4 
29 
2.5 
7.1 
0,0 
0.0 
6.1 
0.0 
0.0 
0.0 

12.0 

0.0 
0.0 
00 

76 

0.5 

8  1 


?2rn,.^.^*|!!l'^^  ^  /»«ir-(o«««r.  Sottd  Waste  and  Rnounr  Reco.en 

K  omcrvaiton  commiiicc.        Enviroyincntal  Protection  Agjncy  May  16  1979  p  22 


39.0 

11.6^ 
1.3 
0.4 
5.3 
3.1 
0.6 
30 
4.7 

83.2 

23.8 
27.3 
2.2 

136.5 
-0  7 


135.8 


Percent 
of  Total 
Warte 


28.6 
10.4 

9.8 
8.5 
10 
0.3 
3.9 
2.3 
0.4 
22 
3.4 

61.0 

;7.4 
200 
1  6 

100.0 


Percent  of 
Nonfood 
Product 
Waste 


46.9 

17.1 
16.0 
13.9 
1.6 
0.5 
6.4 
3.7 
0.7 
3.6 
5.6 

lOQ.O 

28.6 
32.8 
2.6 

164.0 


Basrttiw  Working  Papfn.  draft  prepared  (or  ihc  JUtOMffce 


environment  than  a  "traditional  person."  Fur- 
thermore, the  industrial  person  has  less  direct  ex- 
perience of  the  impacts  being  made  on  the 
environment  tharf  the  traditional  person  because 
the  induArial  person  is  separated  by  distance  from 
many  of  the  more  severe  forms  of  environmental 
defradatbn  caused  by  modem  industrial  cul- 
tures;* Ttf  many  urban  members  of  industrial  so- 
cieties, energy  comes  from  an  electrical  outlet  and 
food  comes  from  grocery  stores.  Relatively  few 
have  had  anything  to  dp  with  the  strip  mines, 
power  plants,  and  nuclear  waste  facilities  involved 
in  producing  *'clean"  electricity  or  with  the  air 
and  water  pollution  associated  with  steel  manu- 
facturing and  with  the  chemicals  used  in  **indus- 
.  trial"  agriculture.  The  conjplex  economic  web  of 
trade  and  oommer^  extends  the  environmental 
imps^  of  each  additional  industrial  person  across 
oceans  and  continents  (see  the  map  Extent  of 
Commercial  Activity  in  the  colored  map  section 
of  this  volume). 
The  complexities  of  trade  and  industrial  com- 


merce do  not  alter  the  fact  that  increases  in  in* 
dustrial  populations  and  their  wealth — like 
increases  in  herdsmen  and  cattle— threaten  the 
resources  of  the  environmenul  commons.  The 
fundamental  population-related  problem  pre- 
sented by  the  tragedy  of  the  commons^  faces  both 
traditional  and  industrial  societies.  As  Garrett 
Hardin  has  shown,  common  environmental  re- 
sources can  be  protected  by  "mutual  coercion, 
mutually  agreed  upon"  both  under  socialist  and 
under  market  economic  systems.^  Th^^socialist 
approach  is  illustrated  by  the  examples  of  the  So- 
viet Union*  and^China*.  The  market  (or  mixed) 
economy  approach  is  illustrated  by  U.S.  efforts, 
among  others.  ^  It  should  be  noted,  however,  that 
both  socialist  and  market  economic  systems  face 
two  incompletely  resolved  difficulties  in  protect- 
ing the  resources  of  the  environmental  commons: 
They  place  a.  monetary  value  on  environmental 
resources  and  weigh  present  and  future  costs  and 
benefits  of  resources  and  protective  measures. 
Under  the  theo^  of  market  economies,  the 
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price  of  a  good  (or  service)  has  a  major  influence 
on  demand,  and  to  the  extent  that  environmertal 
costs  are  included  in  market  pnce;*,  the  market 
can  help  control  the  demand  for  and  use  of  the 
environmental  commons.  A  valuation  problem 
arises  because  many  environmental  costs  (e.g., 
degraded  water  and  air  quality  or  loss  of  species 
and  wilderness)  are  borne  by  a  large  portion — or 
all — of  society.  Called  **externalities''  by  econo- 
mists, these  costs  are  generally  not  included  in  the 
price  of  a  particular  good  or  service.  Unless  en- 
vironmental costs  are  included  in  the  market 
price,  the  market  cannot  act  to  protect  the  envi- 
ronment.* Similar  environm^'^tal  valuation  prob- 
lems arise  under  socialist  economic  systems, 
because  government-set  prices  often  fail  to  reflect 
external  costs  any  more  adequately  than  market 
prices. 

The  second  problem  involved  in  using  either 
socialist  or  market  economic  systems  to  protect 
the  environmental  commons  is  that  of  intergen- 
erational  equity.^  In.  most  societies,  a  present- 
value  approach  is  used  in  economic  decision-mak*^ 
ing.  Under  the  present  value  approach,  future 
benefits  and  costs  are  valued  less  (i.e.,  are  dis- 
counted) relative  to' current  benefits  and  costs. 
The  higher  the  discount  rate  the  more  difficult 
conseiA^ation  and  environmental  protection  be- 
come.'' 

Whatever  economic  system  is  involved,  in- 
creased numbers  of  people  lead  to  increased  en- 
vironmental pressures.  The  magnitude  and 
character  of  these  pressures  depends  significantly 
on  the  type  of  culture.  The  Global  2000  Study's 
projections  suggest  that  the  populations  of  tra- 
ditional cultures  will  be  growing  rapidly  (at  more 
than  2  percent  per  year  in  some  cases)  in  the  dec- 
ades ahead.  Increased  overgrazing  and  shortened 
fallow  cycles  will  aggravate  erosion,  forest  losses, 
and  desertification.  In  parts  of  Eurasia,  the  Near 
East,  Africa,  Oceania,  and  Latin  America,  the 
land  cannot  be  expected  to  retain  even  its  present 
productivity  under  another  two  decades  of  inten- 
sifying stress,  as  discussed  in  later  sections  of  this 
chapter.  The  Global  2000  Study's  projections 
show  the  population  growth  rates  of  industrial 
societies  falling  by  about  a  quarter  by  2000.  The 


^Energy  provides  an  example  of  the  cxternahlies  problem 
There  are  many  external  environmental  costs  of  energy  pro- 
duction that  are  not  now  included  in  the  market  pnce  of  en- 
ergy.  Although  this  problem  is  not  resolved,  much  thought  is 
being  given  to  alternative  methods  otjncludtng  external  costs 
into  the  market  price  of  goods  Wil'iam  Ramsey's  Unpatd  Costs 
of  Electrical  Energy  Health  and  Environmental  Impacts  from 
Coal  and  Nuclear  Power  {Baltimore.  Johns  Hopkins.  IW) 
provides  a  useful  introduction  to  this  problem 


population  increase  in  the  Soviet  Union,  Europe, 
and  North  America  (about  200  million)  is  small 
compared  to  the  rest  of  the  world  (about  2  bil- 
lion), but  the  per  capita  resource  and  environ- 
mental imf)acts  of  industrial  societies  are  relatively 
large.  Howrver  analyzed,  population  increase 
throughout  the  worid  must  be  regarded  as  a  major 
source  of  stress  on  the  common  environmental 
resources  of  the  earth. 

Population  Distribution  and  the 
Environment 

The  nature  of  the  demands  and  impacts  a  pop- 
ulation makes  on  its  environment  depends  in  part 
on  how  its  people  are  distribiued  over  the  land. 
For  both  developing  and  industrialized  nations, 
this  distribution  has  been  changing.  The  trend  has 
been  toward  a  decreasing  proportion  of  the 
world's  population  livmg  in  rural  areas  and  an 
increasing  proportion  living  in  urban  areas. 

Over  the  past  two  centuries  the  growth  of  rel- 
atively dense  human  settlements  has  been  rapid, 
even  more  rapid  than  the  growth  of  the  world's 
population.  Between  1800  and  1950,  the  world's 
population  increased  by  a  factor  of  2.6.  Over  this 
same  period  the  number  of.  persons  living  in  hu- 
man  settlements  of  20,000  or  more  increased  from  • 
22  million  to  more  than  500  million,  a  factor  of 
23.  The  populations  of  large  industrial  cities 
(100,000  or  more  inhabitants)  in  America,  Eu- 
rope, Oceania,  and  the  Soviet  Union  grew  still 
faster,  increasing  by  a  factor  of  35.  Recently,  how- 
ever, urban  expansion  in  developed  countries 
(especially  in  Europe)  has  slowed.  Large  dties  in 
the  LDCs  grew  less  rapidly  t|ian  large  cities  in  the 
industrialized  nations  during  this  period,  but  since  . 
1900,  LDC  urban  growth  has  accelerated.^ 

United  Nations  reports  suggest  that  trends  to- 
ward urbanization  may  continue.^*  In  19S0,  29 
percent  of  the  world's  population  lived  in  urban 
settlements.  The  urban  population  share  grew  to 
39  percent  in  1975  and  is  projected  to  approach  ^ 
50  percent  by  2000. «  Usijig  the  Glob*  2000 
Study's  medium  world  population  figure,  50  per- 
cent urbanization  would  mean  more  than  3  billion 
urban  resideiits  in  2000.  Such  a  population  dis- 
tribution would  have  significant  environmental 
implications  in  both  less  developed  and  industrial- 
ized nations.  *\  t!^^ 

Urbanization  and  the  Environment  In  the  LDCs 

How  much  urban  growth  can  be  expected  in 
the  LDCs  by  the  year  2000?  The  Global  2000 
Study's  projections  do  not  includ'*  'etail  regarding 
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TABLE  13^ 
Urtm  Population  in  A"  Cities  of  100,000  or  More 

1950        1975  2000 


TABLE  i3-9 
Estimiles  and  Rough  ProJecUons  of  Selected  Ur- 
ban Agglomerations  in  Utveloping  Countries 


World  392 
Indostnaltzed  counlnes  262 
Lett  developed  counlnes        1 30 


millions 
903 
503 
480 


2.167 
756 
1.411 


Stmtn  Tnndt  Froapetts  m  rhe  f^opuimtions  of  Vrbam  Agglomeranont  1950- 
iOOO.  m  Assessed  i»  I97S-I975.  New  York  Untied  Nittom  1975 


rural  or  urban  populations,  but  an  estimate  of  the 
LDCs'  urban  growth  can  be  obtained  from  United 
Nations  information. 

Projections  reported  by  the  U.N.  Secretariat 
mdicate  that  urban  areas  will  absorb  59  percent 
of  the  increase  in  LDC  population  between  1975 
and  2000.^  The  Global  2600  Study  projects  a  net 
population  growth  of  2.0  billion  persons  in  the 
developing  nations.  Applying  the  U.N.  urban  per- 
centage'to  this  figure,  the  urban  populations  of 
the  LDCs  would  increase  by  about  1.2  billion  by 
2000.  As  illustrated  in  Table  13-^,  U.N.  projec- 
tions are  similar,  but  somewhat  higher. 

Most  of  the  projected  increase  would  occur  in 
existing  cities,  and  as  a  result  many  LDC  urban 
populations  would  become  almost  inconceivably 
large.  For  example,  by  2000  Mexico  City  would 
house  nearly  32  million  persons— about  4  times 
New  York  City's  present  population.*  Sao  Paulo 
would  surpass  26  million.  ^  Altogether,  more  than 
.400  cities  would  be  expected  to  pass  the  million 
mark,  most  of  them  in  developing  countries.^  The 
projected  growth  of  selected  LDC  cities  is  illus- 
trated in  Table  13-9. 

The  m^t  rapid  urban  growth  of  less  developed 
countries  occurs  in  the  '^uncontrolled  settle- 
ments"—urban  slums  and  shantytowns*  where 
sanitation  and  other  public  services,  are  non- 
existent Oi ,  at  best,  minimal.  Already  more  than 
half  of  tijepopulations  of  many  larger  cities— for 
exai..ple/mwnaventura  in  Colombia,  Ismir  and 
Ankara  in  Turkey,  and  Maracaibo  in  Venezuela— 
♦  live  in  uncontrolled  settlements,  *  as  do  more  than 
a  quarter  of  the  populations  of  Baghdad,  Seoul, 
Calcutta,  Taipei,  Mexico  City,  and  Rio  de  Ja-*^ 
neiro.*  Recent  estimates  indicate  that  the  pcip- 
ulations  of  many  uncontrolled  settlements  are 
doubling  in  size  every  5-7  years,  while  the  urban 
populations  as  a  whole  double  every  10-15  years.'*' 
The  more  rapid  growth  of  the  uncontrolled  set- 
tlements means  that  as  time  goes  on,  a  larger  frac- 
tion sif  the  LDC  urban  population  will  be  living 
in  these  settlements.  In  Bombay,  where  uncon- 
trolled settlements  are  among  the  largest  in  the 
worW,  45  percent  of  the  6  million  urban  popula- 
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^^'^^^  i"!."'*^"  medium  vamnt  proccuon*  .4  pubhfhcdtn  Depart 
ment  of  State  Bui'eun.  Fall  1978.  p  17 


tion  m  1971  was  living  in  squatter  villages  and 
slums,  and  the  squatter-slutn  population  was 
'growing  at  17.4  per  cent  per  year.'*^ 

The  rapid  growth  of  LDC  urban  populations 
will  create  unprecedented  pressure  on  sanitation 
and  other  public  services  by  2000.  Waste  disposal, 
water,  health  care,  shelter,  education,  fobd,  and 
employment  will  be  needed  for  approximately  1.2 
billion  additional  urban  residents.  Simply  to  pro- 
vide in  2000  the  same  per  capita  services  that  now 
exist,  the  LDCs  will  need  to  increase  atl  of  the 
services,  infrastructures,  and  capital  of  their  cities 
by  roughly  two-thirds— and  this  massive  increase 
•would  provide  no  net  improvement  in  services. 
The  degree  to  which  public  services  are  provided 
will,  in  large  measure  determine  future  environ- 
mental conditions  in  LDCt;ities. 

Safe  drinking  water  and  sewage  disposal  are 
two  of  the  most  basic  indicators  of  LDC  urban 
environmental  conditions.  While  conditions  im- 
proved over  the  1970-75  period,  large  numbers 
of  LDC  urban  residents  still  do  not  have  access 
to  safe  drinking  water.  A  1975  Worid  Health  Or- 
ganization (WHO)  survey"  indicated  that  at  that 
time  24  percent  of  the  urban  populations  in  LDCs 
did  not  have  house  water  connections,  or  even 
access  to  standpipes,  and  25  percent  were  without 
even  hpuschold  systems  for  excreta  disposal.* 

Progress  in  providing  basic  LDC  urban  services 
also  appears  to  have  varied  significantly  according 
to  income  group.  The  WHO  survey  found  the 


For  comparison.  78  percent  of  the  LDC  rural  population  did 
not  have  acceu  to  an  adequate  water  supply,  and  86  percent 
were  without  even  household  systen.s  for  excreta  disposal 
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installation  of  piped  indoor  water  connections 
were  running  well  in  excess  of  anticipated  rates; 
thus,  It  was  proposed  that  the  1980  target  ifor  in- 
tallation  of  connections  from  piped  pubHc  water 
supplies  be  moved  upward  from  60  to  68  percent. 
On  the  other  hand,  service  from  public  standpipes 
increa^d  slower  than  anticipated,  and  the  pro* 
posed  target  for  this  form  of  service  has  been 
moved  downward  from  40  to  23  petcent."  These 
trends  suggest  that  service  is  being  provided  more 
rapidly  to  the  relatively  affluent  middle-class 
neighborhoods  than  to  the. very  poor  in  thf  rapidly 
growing  uncontrolled  settlements. 

Providon  of  potable  drinking  water  in  LDC 
cities  is  a  service  closely  related  to  the  problems 
of  sewage  treatment  and  disposal.  A  1976  report 
found  that  only  3.3  percent  of  the  world's  LDC 
urban  population  lived  in  dwellings  connected  to 
sewer  systems  that  were  in  turn  connected  to  some 
form  of  conventional  treatment  facility  or  oxida- 
tion pond.  The  dwellings  of  another  23.7  percent 
were  connected  to  sewer  systems  without  any 
form  of  sewage  treatment  capability.  I^ousehold 
systems— pit  privys,  septic  tanks,  and  buckets- 
were  used  by  42.1  percent.  Theiremaining  30.9 
percent  did  not  even  have  a  pit  privy ."^ 

While  WHO  reports  that  over  the  1970-75  pe- 
riod an  increasing  percent  of  LDC  residents  are 
served  by  sewers,  the  projected  growth  of  slums 
and  uncontrolled  settlements  projected  in  the 
years  ahead  present  an  unprecedented  challenge. 
In  Sao  Paulo,  the  number  of  homes  served  by 
sewers  increased  over  the  1940-75  period,  but  the 
proportion  of  urban  dwellers  served  by  sewers 
dropped  from  38  percent  to  29  percent  over  the 
same  period. The  high  capital  costs  of  Western- 
style  4(ewage  systems  lead  many  development  spe- 
cialists to  advocate  less  costly  composting  toilets 
as  an  alternative.^ 

Without  basic  hygienic  facilities,  LDC  urban 
populations  face  the  constant  threat  of  epidemics 
and  the  daily  reality  of  rampant  infectious  disease. 
The  health  impacts  of  sewage  pollution  of  water 
are  atrleady  serious  in  LDCs.  Growing  popula- 
tionft--flnd  the  resultant  sewage  burdens  in  stireams, 
rivers,  and  lakes  and  along  coastlines7-;are 
spreading  several  waterbome  diseases  in  jplmy 
urban  communities.  Recent  figures  on  the  impact 
of  waterbome  diseases  in  developing  countries 
show  that  such  dise^s  are  i^ponsible  for  40 
percent  of  the  affected  coontries*  mortality  and 
60  percent  of  their  morbidity.  In  areas  occupied 
by  more  than  67  percent  of  the  world*s  popula- 
tion, d^ntery,  typhoid,  cholera,  and  hepatitis, 
the  major  causes  of  death,  can  be  linked  to  in- 
adequate sewage  treatment. 
Environmental  problems  in  LDC  urban  areas^ 

O 
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are  by  no  means  attributable  to  growth  only  in 
the  poorest  classes;  growth  in  the  more  affluent 
classes  also  creates  environmental  problems.  One 
indicator  of  the  environmental  stress  produced  by 
growth  of  the  affluent  classes  is  the  increasing 
numbers  of  automobiles  and  the  associated  air 
pollution.  Although  statistics  on  LDC  urban  air 
quality  are  very  limited,  a  few  examples  will  serve 
to  indicate  some  of  the  general  trends:  « 

•  In  Caracas,  Venezuela,  the  motor  vehicle  pop- 
ulation grew  at  an  annual  rate  of  around  10 
pert^nt  prior  to  1974.  With  the  increase  in  in- 
comes brought  about  by  1973  oil  price  increases, 
the  figure  rose  roughly  20  percent  during  1974 
and  1975.  Vehicles  now  produce  90  percent  of 
the  air  contaminants  in  Caracas.  At  peak  traffic 
hours,  the  carbon  monoxide  concentrations 
reach  40-45 ^parts  per  million  (ppm);  the  aver- 
age urban  concentration  is  25-30  ppm."  An  8- 
hour  exposure  to  even  20  ppm  is  described  by 
the  U.S.  Environmental  Protection  Agency  as 
"very  unhealthful."" 

•  Air  pollution  problems  in  most  LC^  cities  rre 
made  worse  by  the  fact  that  many  automobiles 
used  are  old  and  in  poor  state  of  repair,  and 
their  engines  release  relatively  high  amounts  of 
carbon  monoxide,  particulates,  and  smog-pro- 
ducing hydrocarbons.  In  addition,  other  motor- 
ized vehicles  causing  relatively  high  releases  of 
air  pollutants  (motorbikes,  scooters,  motorcy- 
cles) are  commpn  in  LDC  cities.  LDC  urban  air 
pollution  problems  are  further  intensified  by  the 
lack  of  vehicular  air  pollution  control  laws  and 

,  associated  emtssion^ntrol  devices  for  internal 
coiiibusttc?)  engines. 

•  Ecologist  Carlos  Bustamante  of  Peru's  National 
University  of  Engineering  noted  recently  that 
Lima's  serious  air  pollution  problems  are  not 
just  due  to  its  low  diffusion  of  contaminated  air 
(Lima  is  surrounded  on  three  sides  by  Andean 
foothills).  He  claimed  much  of  the  problem  was 
due  to  the  city's  numerous  old  and  poorly  main- 
tained vehicles  aAd  estimated  that  such  vehicles 
emit  five  times  more  pollution  than  new  cars.^ 

•  In  the  capital  city  of  Ankara,  the  Turkish  Health 
Ministry  recently  reported  that  the  air  was  laden 
with  2.5  times  more  sulfur  dioxide  and  four 
times  mor^  smoke  than  the  maximum  levels  set 
by  WHO.  Because  of  this  condition,  the  Min- 
istry reports  that  cases  of  bronchitis,  asthma, 
pneumonia,  heart  attacks,  and  other  diseases 

'  caused  by  the  air  pollution  have  sharply  in- 
creased." 

•  Bombay,  India,  is  another  city  suffering  from 
serious  air  pollution.  A  recent  government  sur- 
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vcy  found  that,  largely  because  of  indusfrial 
growth,  pollutants €nter  the  area's  air  at  the  rate 
of  1,000  tons  every  four  hours."  The  air  pol- 
lutants include  38.4  percent  carbon  monoxide, 
33.4  percent  sulfur  dioxide,  and  9.8  percent  ox- 
ides of  nitrogen.  In  one  residential  area  of  Bom- 
bay, the  residents  were  found  to  be  inhaling 
very  large  amounts  of  sulfur  dioxide  every  day, 
and  most  were  suffering  from  cough,  constant 
sneezing,  asthma,  bronchitis,  chest  pain,  and 
fatigue.  Bombay  ^s  nearly  300,000  automobiles 
have  added  to  the  air  pollution  caused  by  local 
industrv,  magnifying  the  respiratory  disease  im- 
pacts.** 

Migration  to  cities  will  continue  to  be  a  major 
component  of  urban  growth  in  LDC  nations  as 
long  as  rural  populations,  especially  the  rural 
poor,  believe  that  urban  areas  offer  greater  eco- 
nomic opportunities  than  rural  areas.  As  urban 
populations  continue  to  expand,  however,  eco- 
nomic and  environmental  conditions  may  change. 
Existing  trends  indicate  that  the  problems  of  air 
and  water  pollution  can  be  expected  to  worsen, 
and  the  spread  of  waster-borne  diseases — and 
ev^n  the  disposal  of  the  dead*— will  present  in- 
creasing threats  to  human  health.  Urban  econ- 
omies will  be  hard  pressed  to  keep  pace.  Housing 
and  employment  are  in  short  supply,  and  energy  " 
will  present  increasing  difficulties,  especially  for 
the  LDC's  urban  poor.  Many  can  no  longer  afford 
kerosene  or  gas  and  depend  on  firewood  and  char- 
coal. In  some  areas  the  price  of  firewood  has  in- 
creased at  rates  exceeding  international  oil  price 
increases**  (see  also  the  forestry  section  of  this 
chapter).  The  FAO  reports  that  in  some  areas  of 


'Disposal  of  the  dead  presents  fcvvcr  phys.cal  and  health  prob- 
lems in  countnes  where  religion  and  custom  encourage  crt^v 
mition.  In  cultures  where  burial  is  preferred  and  space  is 
scarce,  public  health  issues  become  more  important  The  dif- 
,ficuiti€s  are  most  severe  m  LDC  cities  following  an  earthquake 
or  some  other  temporary  cause  of  high  mortality  but  can  occur 
in  industnalizcd  countnes  as  well  A  particularh  sinking  ex- 
ample of  the  cumulatjve  problems  that  burial  can  present  oc- 
curred  in  France  during  the  laic  1 70()s  Ttie.principal  cemetery 
m  Paris  had  accumulated  some  2  million  bodies  m  a  space  of 
only  131  by  65  yards  The  .Vm///M<)«w/i  magazine  reports  "This 
human  compost  heap  was  30  fee!  deep  and  extended  seven 
feet  above  ground  In  1780.  m  a  catastrophic  landslide,  the 
walls  of  an  entire  apartment  block  adjoining  the  cemetery  gave 
way  and  2.000  corpses  slid  into  the  cellars,  giving  off  a  stench 
that  wcll-nigh  asphyxiated  the  residents  above  It  was  clear 
that  new  arraijgemcnts  were  urgently  needed  But  the  turmoil 
of  the  French  Revolution  and  the  establishment  of  the  Na- 
poleonic Empire  precluded  the  opening  of  (the  new]  P^re- 
Lachaisc  [cemetery]  until  1804  "  (Robert  WjIUcc.  '  The  Ele- 
gies and  Enigmas  of  Romantic  Pire-Lachaise.  *  Sm  thsoman 
Nov  1973.  pp  108^15 


Asia  and  Africa,  firewood  now  absorbs  15-25  per- 
cent of  household  income.** 

Will  the  trends  continue?  Some  observers  are 
beginning  to  have  doubts.  Harold  Lubell,  project 
leader  for  an  International  Labor  Organization 
study  of  six  major  Third  World  cities,  concludes 
that  *'there  appears  to  be  a  saturation  point,  and 
when  this  is  reached  migration  falls  off  in  response 
to  declines  in  the  urban  economy."*^  Lester  R. 
Brown,  President  of  the  Worldwalch  Institute, 
questions  whether  sufficient  food  will  be  available 
to  LDC  citiek,  either  from  other  countries  or  from 
domestic  sources  in  large  enough  quantities  and 
at  low  enough  prices  to  allow  the  urbanization 
trends  to  continue  for  many  more  ye?rs.**  In  ef- 
fect, negative  feedback  may  slow  the  growth  of 
already  overcrowded  cities. 

If  present  trends  do  continue  to  2000,  urban 
populations  would  approach  a  majority  of  the 
world's  population,**  and  the  largest  urban  areas 
would  be  in  the  LDCs.  The  economic  and  envi- 
ronmental challenges  implied  by  these  trends  are' 
enormous.  Whether  these  challenges  can  be  met 
to  the  degree  necessary  if  the  trends  are  to  co!i- 
tinue  is  an  open  question. 

Urbanization  and  the  Environment  in  Industrial 
Nations 

Over  the  past  several  decades  population  pat- 
terns in  most  industrial  nations  have  changed  sig- 
nificantly. Rural  to  urban  migration  has  created 
large  national  majorities  of  urban  dwellers,  de- 
clining populations  in  most  small  towns  and  vil- 
lages, the  consolidation  and  mechanization  of 
farms,  and  a  concurrent  decline  in  the  number  of 
small,  family-owned  farms.  Rapid  growth  of  var- 
ious transport  systems  (particularly  highway  and 
air)  has  lead  to  high  personal  mobility  and  rapid 
growth  of  single-family  houses  and  *'townhouse 
complexes"  in  suburban  areas.  Urban  and  sub- 
urban installation  of  potu'^Ie-water,  sewer,  and 
electric  and  fossil  fuel  energy  systems  for  house- 
holds is  nearly  complete.  Although  some  of  these 
changes  have  also  been  occurring  to  a  degree  in 
some  developing  nations,  such  changes  are  rela- 
tively well  advanced  in  industrial  nations. 

The  environmental  consequences  of  these  pat- 
terns of  population  distribution  and  human  set- 
tlement, many  of  which  have  already  been  touched 
upon,  are  numerous.  One  factor  needing  empha- 
sis concerns  ihe  importance  of  the  low  (even  the 
falhng)  real  price  of  energy  and  other  raw  ma- 
terials during  the  period  of  urbanization  in  the 
industrialized  nations. 

During  the  1950s  and  60s,  the  low  real  cost  of 
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energy  encouraged  a  variety  of  wasteful  and  in- 
efficient designs.  Hbmes^  offices,  and  factories 
were  built  with  minimal  insulation  and  energy- 
^     conserving  features.  Labor-saving,  but  energy-in- 
tensive, appliances  and  machinery  spread 
throughout  the  culture.  Agriculture  and  industry 
became  increasingly  energy-intensive  and  less  la- 
bor-intensive. Pr6duction  of  vehicles  expanded 
rapidly,  and  their  weight  and  horsepower  grew 
substantially.  Simultaneous  massive  investments 
in  highway  and  road  construction  led  to  rapid 
growth  of  energy-inefficient  single-family  ho^es 
^      in  suburban  communities,  often  around  decaying 
\^    inner  cities.  Oil-based  chemicals,  plastics^  and 
"^xfabrics  replaced  many  natural  materials,  such  as 
yood,  wool,  a^id  cotton.  All  this  was  made  pos- 
/sible  by  dbu^ap,  abundant  energy,  especially  fluid 
fuels,  and  all  of  this  has  now  changed. 

Some  of  the  environmental,  resource,  and  eco- 
nomic cost^  of  the  past  decades  of  urbanization 
have  been  analyzed  for  the  United  States  in  **The 
Costs  of  Sprawl,"  a  study  prepared  by  the  Real 
Estate  Research  Corporation  for  the  Council  on 
Environmental  Quality  and  other  federal  agencies 
in  1975; "  This  study  documents  how,  in  contrast 
to  urban  sprawl,  higher-density,  better-planned 
communities  require  less  energy  for  cooling  and 
heating,  stimulate  less  automobile  use,  and  con- 
serve water.  They  produce  about  ^45  percent  less 
air  pollution  than  sprawling  communities,  reduce 
storm  water  rifnoff,  and  allow  more  land,  wildlife, 
and  vegetation  to  be  protected  in  parks  and  open 
spaces. 

Now  that  the  era  of  inexpensive,  widely  avail- 
able energy  has  come  to  an  end,  the  implications 
for  both  population  (]istribution  and  environmen- 
tal quality  are  likely  to  be  profound.  Although 
the  future  shape  of  cities  in  industrial  nations  is 
not  yet  clear,  it  is  certain  that  such  communities 
will  be  confronting  radical  transformation  frpm 
energy-wasteful  to  energjf-conserving  societies. 
Smaller,  well-insulated  homes,  and  increasing 
shifts  to  townhouses  and  condominiums  are  trends 
already  underway  in  housing.  Slower  driving 
speeds,  smaller  and  more  efficient  automobile 
engines  and  greater  use  of  public  transport  are 
energy-conserving  transportation  measures  al- 
ready beginning  to  take  effect.  Recycling  of  ma- 
terials and  increased  reliance  once  again  on 
rjBnewable  sources  of  materials  (especially  wood) 
may.  also  reduce  societal  energy  requirements^* 
but  might  also  increase  the  competition  for  land. 

The  fundamental  nature  of  the  long-term  change 
was  indicated  briefly  in  the  1977  U.S.  National 
Energy  Plan  (NEP).  7  The  NEP  noted  that  a  basic 
aspect  of  the  energy  problem  in  the  U.S.  is  that 


abundant  cheap  energy  has  led  to  the  develop* 
ment  of  a  stock  of  capital  goods,  such  as  homes, 
cars,  and  factory  equipment,  that  uses  energy  in- 
efficiently.  "Yhe  NEP  went  on  to  note  that  a  tran- 
sition to  an  era  of  substantially  more  expensive 
and  less  abundant  energy  is  in  progress  and  that 
as  a  part  of  this  transition,  changes  m  capital 
Stocks  wH}  be  needed.  These  changes,  if  started 
soon,  can  be  accomplished  incrementally. 

In  I  eviewing  the  NEP,  the  Office  of  Technology 
Assessment  (OTA)  noted  that  energy  efficiency 
in  the  usb  of  capital  stocks  depends  in  significant 
part  on  how  the  stocks  are  distributed  over  the 
nation  and  that  changes  in  patterns  of  capital  dis- 
tribution and  transportation  are  long-range  and 
fundamental  and  will  take  more  than  one  gener- 
ation to  complete.^'  The  OTA  import  recom- 
mends guidelines,  leadership  and  incentives  to 
initiate  the  process  now.  Its  point  might  be 
summed  up  as  follows: 

The  United  States  and  other  ind^triai  nations 
will  face  an  exceedingly  difficult  enersv  problem 
in  2000  if  its  patterns  of  capital  distmution  are 
still  based  on  the  sprawl  that  is  so  characteristic 
of  many  industrial  cities;  yet  because  of  the  long 
depreciation  times  associated  with  transportation, 
communication,  sewage,  and  other  systems  as- 
sociated with  sprawling  types  of  land-use  patterns, 
the  major  capital  systems  of  most  industrial  cities 
in  2000  will  look  much  like  those  that  existed  in 
1977  unless  the  **guide!ines,  leadership,  and  in- 
centives" called  for  by  OTA  are  established  im- 
mediately. The  distribution  patterns  of  major 
capital  systems  can  be  changed  only  over  a  period 
of  decades,  not  within  a  few  years. 

At  least  in  the  U.S.,  the  dependence  on  and 
the  passion  for  the  private  automobile  is  not  likely 
to  change  easily.  Th"  U.S.  Bureau  of  the  Census 
recently  completed  a  study  of  some  of  the  ties 
between  Americans  and  their  automobiles.  The 
study  found,  among  other  things,  that  while  the 
use  of  car  pools  and  mass  transportation  probably 
increased  after  the  1973-74  Arab  oil  embargo,  the 
increase  was  apparently  only  temporary.  By  197S: 

•  Of  80.1  million  Americans  going  to  work  each 
day,  S2.3  million  (65  percent)  were  driving 
alone.  ^ 

•  Another  15.6  million  (19.4  percent)  were  driv- 
ing, but  with  other  passengers  in  the  car  or 
truck. 

•  Oii!y  4.8  million  (6  percent)  used  public  trans- 
portation, and  3.8  million  (4.7  percent)  walked. 

•  The  remaining  3.6  million  (4.5  percent)  used 
bicycles  or  motorcycles  or  worked  at  home. 
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•  The  average  commuter  trip  was  9  miles  each 
way^nd  was  20  minutes  in  duration.'*' 

•  The  proportion  of  mass-transit  nisers  among 
those  empidying  vehicles  actually  decreased 
from  10  percent  to  just  over  6  percent  in  1975. 

Despite  the  abiding  passion  and  dependence, 
the  future  of  the  private  automobile  is  m  doubt 
not  only  in  the  U.S.  but  throughout  the  world. 
Virtually  every  other  use  of  dwindling  petroleum 
resources  has  been  found  to  have  a  higher  priority 
than  that  of  the  private  automobile.'*  However, 
it  will  be  difficult  to  eliminate  dependence  on  the 
private  automobile  without  fundamental  changes 
in  population  and  land-use  patterns.  As  discussed 
briefly  in  the  energy  section  of  this  chapter,  the 
choice  of  future  energy  systems  and  technolo- 
gies— large-scale  centralized  systems  or  vsmall- 
scale  decentralized  systems — will  have  a  ipajor 
influence  on  the  population  acid  land-use  patterns 
than  can  be  expected  in  the  future. 

Whether  or  not  in  direct  response  to  energy 
developments,  the  trend  toward  urbanization  in 
some  industrial  nations  has  begun  to  change.  In 
the  U.S., for  example,  signs  began  to  appear  after 
1970  that  many  of  the  nation*s  larger  cities — New 
York,  Los  Angeles,  Detroit,  Seattle,  Chicago, 
and  St.  Louis — were  declining  in  population. "  At 
the  same  time,  much  of  the  nation's  fastest  pop- 
ulation growth  has  shifted  to  rural  areas.  From 
1970  to  1975,  7  million  people  emigratedyfrom 
U.S.  central  cities  to  suburbs  and  other 'nomljet-^ 
ropolitan  areas. '^ 

However  these  trends  continue,  the  industrial 
nations  of  the  world  face  a  period  of  perhaps  50. 
to  100  years  cf  transition.  Over  the  next  decades, 
choices  will  have  to  ht  made,  not  only  in  energy 
development  but  in  many  other  sectors  of  indus- 
tnal  society  (such  as  food  production  and  water 
and  minerals  supply)  that  will  encounter  problems 
of  scarcities  and  resource  degradation.  How  these^  * 
choices  are  made  will  profoundly  affect  patterqs' 
of  future  development  and  human  settlement  in 
industrial  nations. 

Urbanization  and  the  Environment — Summary 

Urban  growth,  due  largely  to  the  migration  of 
poor  people  from  rural  areas,  may  have  created 
cities  in  the  developing  countries  of  unprece> 
dented  sizes  by  the  year  2000.  On  the  other  hand, 
it  is  possible  that  rural  development  plus  a  decline 
in  economic  and  public  health  condit^pns  in  LDC 
cities  will  slow  ihe  migration  somewhat.  In  any 
event,  it  is  anticipated  that  the  most  rapidly  grow- 
ing parts  of  these  cities  will  be  the  uncontrolled 
settlements  where  large  numbers  of  the  poor  exist 


wilhout  access  to  even  basic  public  services  such 
as  potable  water  and  sewage  disposal.  At  antici- 
pated growth  rates,  it  is  doubtful  that  the  services 
of  many  LDC  cities  can  be  increased  rapidly 
enough  to  provide  services  at  even  the  present  per 
capita, level.™  Raw  sewage,  air  pollution,  lack  of 
housing,  poor  and  crowded  transport,  inadequate 
fire  protection,  and  disease  will  present  increasing 
difficulties  within  these  cities.  Immediately  out- 
side the  cities,  firewood  gatherers,  animal  grazers, 
and  charcoal-makers  will  strip  the  surrounding 
areas  of  accessible  trees,  shrubs,  and  grasses.  As 
the  area  of  degradation  widens,  there  are  likely 
to  be  losses  of  indigenous  plants  and  animals,  ag- 
gravated soil  erosion ,  and  increased  risk  of  serious 
flooding.'' 

In  the  industrial  nations,  future  trends  in  ur- 
banization are  not  clear,  but  de^signs  (hat  conserve 
resources,  especially  energy,  will  become  increas- 
ingly attractive.  T(ie  era  of  rapid  growth  in  in- 
dustrialized nations  fyeled  by  high  consumption 
of  resources,  particulariy  relaMvely  clean,  inex- 
pensive, and  abundant  petroleum  fuels,  has  ended. 
In  the  future,  consumption  patterns  of  both  rural 
and  urban  settlements  of  industrialized  nations 
will  be  altered  by  inevitable  shifts  from  a  high- 
consumption  to  a  conservation  approach."  Be- 
fore the  year  2000,  industrialized  nations  will  be 
forced  to  make  major  choices  relating  lo  their 
future  energy  and  resource  industries  and  their 
production  technologies — choices  that  will  have 
"pfofound  implications  for  population  distribution 
and  environmental  quality  throughout  the*  21st 
century. 


The  Population  Projections  and  Human 
Health 

The  life  expectancy  of  a  population 'is  perhaps 
the  most  all-inclusive  and  widely  measured  indi- 
cator of  a  nation*s  environmental  health.  In  the 
absence  of  safe  drinking  water,  sewage  systems, 
adequate  food  and  shelter,  medical  services,  and 
controls  over  toxic  pollutants  and  disease  vectors 
and  hosts,  the  release  of  environmental  pathogens 
and  pollutants,  life  expectancies  are  low.  With 
these  basic  environmental  conditions  met,  life  ex- 
^  pectancic'S  are  high.** 

It  'is  generally  believed  that  as  economic  de- 
velopment proceeds,  one  of  its  major  benefits  is 
a  combination  of  beneficial  environmental  con- 
ditions that  increase  the  average  period  of  pro- 
ductive life.  The  increased  life  expectancy  is 
brought  about  in  three  stages  according  to  a  the- 
ory that  has  been  expressed  succinctly  by  Dr.  N. 
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R.  E.  Fendall,  former  director  of  medical  services 
for  Kenya: 

1..  In  the  earliest  stages  of  development,  the  ep- 
idemiological picture  is  determined  largely  by 
an  endemic  infectious  disease  situation  with  a 
high  prevalence  of  parasitosis,  gastroenteritis, 
respiratory  diseases,  malnutrition,  and  vector- 
borne  diseases. 

2.  As  living  standards  rise  and  environmental 
conditions  improve,  the  endemic  infectious 
disease  problems  are  brought  under  control, 
and  measles,  whooping  cough,  poliomyelitis 
and  other  bacterial  and  virus  diseasesdominate 
the  epidemiological  picture.  ^ 

3.  In  the  final  stage  of  economic  development, 
the  degenerative  diseases  of  a  cereorosclerotic 
nature,  hypertension,  heart  failure,  diabetes, 
psychosomatic  diseases,  and  cancer  comprise 
the  major  portions  of  ill  health.  Ondernutrition 
givrs  way  to  overnutrition  and  the  severity  of 
thetdisease  pattern  shifts  from  fhe  child  to  the 
aged.^ 

This  theory,  in  effect,  underlies  the  projections 
of  life  expectancy  made  by  the  Bureau  of  the  Cen- 
sus for  the  Global  2000  Study.  These  projections 
(see  Chapter  2)  assume  that  future  economic 
progress  and  dev^lopaient  will  lead  to  environ- 
mental conditions  tha.  will  in  turn  result  in  in- 
creased life  expectancy.  For  the  world  as  a  whole, 
life  expectancy  is  projected  to  increase  6.7  yeacs 
(11  percent)  by  the  year  2000  (from  58.8  years  in 
1975  to  65.5  years  in  2000).  For  the  LDCs,  the 
projected  increase  is  18  percent  (form  54.0  to  63.5 
years),  and  for  the  industrialized  countries,  3  per- 
cent (from  71.1  to  73.3  years).  In  no  country  ts 
life  expectancy  projected  to  decline. 

Since  the  advent  of  preventive  immunization 
against  communicable  diseases,  life  expectancies 
have  improved  s^teadily.  The  continuing  trend  of 
life  expectancy  is  illustrated  and  compared  in  Ta- 
ble 13-10  with  the  Bureau  of  Census  projections 
developed  for  the  Global  2000  Study.  For  the 
world  as  a  whole,  a  15  percent  increase  was 
achieved  over  the  1950-70  period.  Life  expectan- 
cies increased  everywhere,  but  the  most  dramatic 
increases  were  in  the  less  developed  countries — 
a  21  percent  increase  overall.  Asia  achieved  a 
striking  24  percent  increase. 

On  closer  examination,  the  life  expectancy  data 
show  another  important  development:  The  rate 
of  increase  of  life  expectancy  has  slowed.  For  the 
world  as  a  whole,  the  average  annual  increment 
in  life  expectancy  declined  from  0.64  to  0.34  years 
over  the  1950-70  period.  Further  increases  in  life 


expectancy  have  been  particularly  difficult  to 
achieve  in  the  industrialized  nations,  where  child 
mortality  is  relatively  low.  Degenerative  diseases 
(e.g.,  cancer,  heart  disease,  cerebrovascular  dis- 
ease) have  proven  very  difficult  to  prevent  or  con- 
trol. In  the  LDCs,  decreases  in  infant  and  child 
mortality  have  been  difficult  to  achieve,  and  prog* 
ress  in  increasing  life  expectancies  has  slowed 
there  too.  ^ 

The  Bureau  of  the  Census  life  expectancy  pro- 
jections are  based  on  an  examination  of  past 
trends,  not  on  an  examination  of  the  causes  of 
mortality  and  the  prospects  for  changes  in  these 
causes.  The  c^ses  are  largely  associated  with  en- 
vironmental problems,  and  the  prospect^  for 
change  need  to  be  examined.  Th$  problems  and 
prospects  for  improvements  ai^^^ite  different  in 
the  industrialized  countries  than  in  the  less  de- 
veloped countries. 

Environmcnl  and  Health  in  the  LDCs. 

Mortality  statistics  show  that  in  most  LDCs  high 
mortality  rates  among  infants  and  children  art  the 
primary  statistical  contributors  to  low  life*expec- 
tancies.  A  1975  World  Bank  Policy  Paper  con- 
taining vital  statistics  for  67  countries  lists  19 
countries  with  per  capita  incomes  of  less  than  $200 
per  year."  Of  these,  only  2  had  infant  mortality 
rates  below  10  percent,  while  10  had  rates-iS  per- 
cent or  higher.  By  contrast,  only  4  of  the  16coun- 
tries  with  per  capita  incomes  of  over  $700  had 
child  mortality  rates  greater  than  5  percent;  8  had 
rates  of  less  than  3  percent.*^ 

The  World  Bank  also  notes  that  the  rate  at 
which  life  expectancies  have  improved  in  less  de- 
veloped countries  has  declined  since  1955 — from 
2.7  years  in  the  periods  1950-55  and  1955-60  to 
2.6  years  in  1960-65  and  to  only  2.0  years  in  1965- 
70.*^  A  particularly  significant  factor  in  the  slow- 
down of  the  decline  of  LDC  mortality  appears  to 
be  that  mortality  in  childhood  has  shown  a  some- 
what greater  resistance  to  decline  than  mortality 
at  some  later  ages.^ 

The  persistence  of  infectious  diseases  (above  all 
diarrhea)  that  cannot  be  conquered  with  modem 
medicine  is,  inlarge  part,  responsible  for  slowing 
the  decline  in  infant  mortality.  Malaria  control, 
antibiotics,  and  immunization  programs  have 
brought  some  quick,  dramatic  gains,  but  further 
progress  depends  on  improvements  in  nutrition 
and  sanitation,  which  are  coming  along^owly,  if 
at  all.  According  to  Dr.  John  Bryant  (formerly 
with  the  Rockefeller  Foundation,  now  with  the 
office  of  International  Health,  U.S.  Department 
of  Health,  Education  and  Welfare): 
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The  great  weapons  of  modern  medicine  are  aimed 
at  the  patho-physiolo^  of  disease  and  its  suscep- 
tibility to  pharmaceutical,  immunological,  orsur- 
aical  attack.  Health  services  are  designed  to 
oelivei  these  weapons  mainly  through  the  hands 
of  doctors.  The  dismal  fact  is  that  these  great  kill- 
ers of  children— diarrhea,  pneumonia,  malnutri- 
tion—arc beyond  the  reach  of  these  weapons. 
^  If  children  sick  with  these  diseases  reach  the 
physician,  there  are  sharp^its  to  what  he  can 
do.  Diarrhea  and,  pneumonia  r*'^  often  not  af- 
fected by  antibiotics,  and  the  frc^i^  ent  presence 
of  mabiutrition  makes  even  supportive  therapy 
difBcult  or  futile.  And  even  these  interventions 
by  the  physician,  whether  or  net  they  are  thera- 
mab«^.««aii«>  ^a^MtA mmm^  m^^^       ^^^—^jT—  !  )les  in 


[  so- 

 ^,    any  mven  time,  a  third  of  the 

.  children  may  have  diarrhea  and  more  thar  ihat 
mcv  be  maUiourished.  Their  lives  are  saturated 
with  the  causes^-poverty,  crowding,  ignorance, 
poor  ventilation,  filth,  flies.*' 


/I  he  causes  of  high  infant-mortality  rates  are 
well  known  and  closely  linked  to  environmental 
conditions.  As  shown  in  Table  13-11,  the  diseases 
most  often  fatal  during  early  childhood  in  a  de- 
veloping area  (in  this  C£i$e,  Latin  America)  are 
fecaliy  related  and  airborne  contagious  diseases.^ 
Although^ diseases  such  as  cholera,  typhoid,  and 
Kk>lio  all  contribute  to  the  mortality  statistics,  in- 


testinal parasites  and  various  infectious  diarrheal 
diseases  are  prfibably'the  most  devastating  of  the 
fecaliy.  related  typ^s.  Surveys  of  parasite-infected 
populations  frequently  show  from  70  to  90  percent 
infestations.  In  Egyot,  Iran,  and  Venezuela,  the 
monthly  incidence  of  dianhea  among  preschool 
children  has  been  estimated  to  be  4&-S0  percent. 

The  effects  of  diarrhea,  pneumonia,  and  intes- 
tinal parasites  are,  greatly  aggravated  by  under- 
nutrition, which  is  the  major  underlying  cause  of 
death  among  children.  Deaths  from  infection 
nearly  always  result  from  n  combination  of  un- 
deinutrition  and  infection.  When  women  are  un- 
dernourished, too  frequent  pregnancies  result  in 
malnutrition  for  the  mother  and  baby,  low  aver- 
age birth  weights,  and  poor  resistance  to  disease. 

The  prospects  for  reducing  malnutrition  are 
mixed.  The  Global  2000  Study  food  projections, 
in  the  medium  case,  show  only  Umited  improve- 
ment in  per  capita  food  availability  and,  in  some 
instances,  declines.  Furthermore,  when  food  dis- 
tribution among  income  classes  is  taken  intq  con- 
sideration, the  number  of  malnourished,  .^tsease- 
vulnerable  children  is  likely  to  increase  by  2000. 
Increased  death  rates  in  parts  of  Asia  have  already 
been  observed  during  poor  crop  years.  ^ 

To  further  complicate  the  situation  many  of 
the  diseases  most  threatening  heakh  in  developing 
countries  are  becoming  increasingly  resistant  to 
^  igs  now  being  used  in  their  treatment.^  Al- 
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ready  drug-resistant  pathogen  strains*  have  con- 
tributed to  severe  epidemics  in  several  LDCs: 

•  In  Centrai  Amenca  between  1968  and  1971,  a 
(dysentery  pandemic  occurred  in  which  the  drugs 
normally,  used  to  treat  the  disease  proved  in- 
effective.*^ .The  strain — Shigella  dysentehae 
I — had  high  mortality  rates  in  both  Guatemala 
and  El  Salvador.  In  Guatemala  alone,  an  esti- 
mated 12,50  people  died  from  the  disease  in 
1968,(200  out  of  every  100,000  inhabitants).*' 

•  In  Mexico  in  1972,  an  epidemic  of  typhoid  fever 
appeared  on  a  scale  unprecedented  in  modern 
times. The  strain — Salmonella  typhi — has  re- 
Giitance  to  a  wide  range  of  drugs.  The  out- 
break lasted  for  months  and  involved  four 
Mexican  states  Large  numbers  of  persons  of  all 

.  ages  and  varying  socioeconomic  groups  were 
affected. 

•  In  recent  years  resistance  to  commonly  used 
therapeutic  agents  against  malaria  has  inoeased 
substantially  in  South  America  and  Southeast 
Asia,  There  is  every  reason  to  believe  that  these 
resistant  strains  will  spread,  thus  hampering 
treatment  and  eradication.*^ 

In  short,  there  is  growing  evidence  that  nu- 
merous pathogens  and  vectors!  are  evolving 
strains  that  are  resistant  to  many  of  the  common 
and  least  expensive  drugs."  While  new  drugs  will 
continue  to  be  developed,  the  new  drugs  are  often 
more  expensive  and  effective  against  a  smaller 
gioup  of  pathogens  than  those  that  they  replace  .** 
Excessive  use  of  cortimom  antibiotics  both  by  hu- 
mans and  in  animal  feed'**  may  increase  the 
rate  at  which  resistant  strains  evolve.  The  most 


*Pat(  gen  resistance  to  drugs  is  not  limited  to  developing 
countries,  it  cau^s  increased  mortality  in  industrialized  soci- 
eties as  weM  ^'  Risc  of  Antibiotic-Resistant  Bactena.**  Saencf 
News,  \u$  24/3!  !'/74.  p  119)  Certain  staphylococcus  in- 
fection^ (espeaaliy  in  hospita!5)  and  gonorrhea  in  particular 
are  growing  problems  There  are  many  indications  that  drug 
resistance  in  pathogen^  will  continue  to  increase  throughout 
the  world  (Marietta  Whittlesey.  'The  Runaway  Use  of  An- 
tibiotics.** New  York  Times  Magazine.  May  6.  1979.  p  122) 
Coastal  waters  off  New  York  have  been  contaminated  with 
both  sewage- and  mercury  Tests  show  that  bactena  in  these 
waters  have  developed  varying  degrees  of  resistance  to  am- 
picillin.  tetracychne.  kanamycin.  and  streptomyan.  and  re- 
search with  both  the  genus  Vibro  and  the  genus  Bacillus  led 
to  the  conclusion  that  ampicillin  resistance  and  mercury  re- 
sistance are  genetically  linked  (Manne  Ecosystems  Analysis 
Program.  New  York  Bight  Project  Annual  Report  for  FY  1976- 
76T.  Boulder.  National  Oceanic  and  Atmospheric  Adminis- 
tration. 1977.  p  28) 

t  See  the  food  and  agriculture  section  of  this  chapter  for  a 
discussion  of  the  increasing  problems  of  insecticide  resistance 
and  immunities  developing  in  strains  of  insect  vector* 
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inexpensive,  common  antibiotics  are  widely  avail- 
able without  prescription  even  in  remote  rural 
LDCs.***  And  the  appearance  of  resistant  bacte- 
rial strains  may  not  be  due  only  to  low  probability 
mutations;  it  is  now  thought  that  epidemic  dis- 
eases may  suddenly  acquire  resistant  traits  through 
highcr-probablility  contacts  with  more  common, 
harmless  intestinal  species  that  have  already 
evolved  their  own  resistance.'*' 

If  the  reduced  LDC  mortality  figures  projected 
in  the  population  chapter  are  to  be  achieved, 
progress  musi  be  made  in  controlling  the  fecally 
related  diseases,  the  airborne  diseases,  and  the 
increased  mortality  associated  with  these  diseases 
as  a  result  of  nutritional  deficiency.  These  diseases 
are  largely  of  environmental  origin  and  can  be 
coi.trolled  only  through  improved  environmental 
and  sanitation  conditions  and  through  improved 
nutrition  and  education,  all  of  which  require  cap- 
ital investment,  as  well  as  through  changes  of  hab- 
its and  cultural  traditions.  As  discussed  above 
under  urbanization  in  the  LDCs,  there  is  reason 
to  question  whether  the  needed  improvements  in 
sanitary  and  environmental  conditions  will  occur. 
By  the  year  2000,  sanitary  conditions  in  some 
areas  may  even  deteriorate.  Thib  situation,  wors- 
ened by  increasing  scarcities  of  food  and  energy 
in  poorer  regions,  could  lead  to  an  increase,  rather 
than  a  decrease,  in  mortality  rates  among  some 
populations. 

Environment  and  Health  in  the  Industrialized 
Natiom: 

Two  important  developments  in  health  condi- 
tions are  occurring  in  the  industrialized  nations. 
First,  life  expectancies  are  continuing  their  trend 
of  many  years,  increasing  slowly.  In  the  U.S.,  for 
example,  the  rate  of  increase  of  life  expectancy 
averaged  0.53  years  per  year  over  the  1940-50 
period  but  fell  to  0. 15  years  per  year  for  the  1950- 
60  decade  and  to  0. 12  years  per  year  for  the  1960s. 
Over  the  first  five  years  of  the  1970s,  the  annual 
rate  has  increased  to  an  average  0  J2  years,  bring- 
ing the  U.S.  life  expectancy  at  birth  to  72.5 
years.  *** 

The  second  developr^ient  relates  to  causes  of 
death.  Although  there  is  much  dispute  over  par- 
ticulars, medical  experts  generally  agree  that  the 
causes  of  the  diseases  and  accidents  responsible 
for  most  fatalities  and  prolonged  |>eriods  of  ill 
health  in  affluent  societies  (heart  disease,  lung 
disease,  cancer,  stroke,  highway  accidents)  are 
now  related  largely  to  life-styles  and  environmen- 
tal circv  nstances.  Frequently  mentioned  as  con- 
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TABLE  13-11 

Percentages  of  Deaths  of  ChUdren  Under  the  Age  of  Five  Due  to  Fecally  ReUted  and  Airborne  Diseases 

or  Malnutrition,  Latin  America,  Selected  Areas 


Chaco,  Argcntini  (rural) 
San  Ju^n.  Argentina  ^central 
urban) 

S^n  Juan.  Argentina  (suburban) 
San  Juan.  Argentina  (rural) 
Chaco  Reststenaa,  Bolivia  (ru- 
rtl) 

La  Paz*  Bolivia  (urban) 
Viacha.  Bolivia  (rural) 
Recife*  Brazil  (urban) 
Ribeirao  Preto«  Brazil  (urban) 
Ribeirao  Preto.  Brazil  (rural) 

Ribeirao*  Preto  Franca.  Brazil 
(rural) 

Sao  Paulo.  Brazil  (urban) 
Santiago.  Chile  (central  urban) 
Santiago.  Chile  (suburban) 
Call.  Colombia  (urban) 

Cartagena.  O)lombia  (urban) 
Medelltn*  Colombia  (urban) 
San  Salvador.  El  SaWador  (ur* 
ban) 

San  Salvador.  El  Salvador  (rural) 
Kingston.  Jamaica  (urbair) 

St.  Andrew.  Jamaica  (rural) 
Monterrey*  Mexico  (urban) 


Fecally 

Related 

Airborne 

Nutntional 

Total 

Disease 

Disease 

Deficiency 

40 

36 

2 

79 

38 

32 

3 

72 

34 

38 

8 

80 

35 

42 

a 
6 

OA 

52 

27 

D 

OA 

84 

29 

55 

3 

87 

65 

0 

91 

12 

41 

c 
3 

49 

36 

2 

87 

50 

29 

3 

81 

55 

20 

7 

82 

4U 

33 

5 

78 

31 

■^7 

0 

73 

33 

38 

3 

74 

44 

25 

15 

84 

38 

23 

17 

78 

49 

22 

H 

82 

52 

28 

6 

86 

51 

22 

13 

86 

37 

21 

5 

63 

23 

23 

23 

69 

43 

35  . 

4 

83 

j!I!r'.JIr^*  Pjrffer.tiHlCartotV  SefT«»./iiirr^m*rtf*«/«wft,«iiwofW<««/,rvmai/ifcoorf.^  Pan  Amcriciin  Health  OriainMlion. 

It7i  pp  13^34 


tributing  factors  are  limited  exercise,  cigarette 
smolcing,  alcohol  consumption,  exposure  to  toxic 
chemicals,  chronic  psychological  stress,  and  diets 
high  ii!  fats,  salt,  and  refined  carbohydrates.'^ 
Qianges  in  xh^  contributing  factors  must  occur 
if  the  increased  life  expectancy  projected  in  the 
Global  2000  population  projections  is  to  be 
achieved  in  the  industrialized  countries.  What  are 
the  prospects? 

The  prospects  for  change  are  mixed,  at  least  in 
the  U.S.  The  adverse  effect";  of  smoking  have  re- 
ceived much  attention  since  the  Surgeon  Cen- 
eral's  report  of  a  decade  ago,  but  smolcing  habits 
have  changed  relatively  little.  Oer  the  11-year 
period  fr^  1965  to  1976  smolcing  among  males 
declined  about  10  percentage  points  (from  52.4 
to  41.9  percent  of  the  male  population)  and  about 
2  percentage  points  for  women  (from  34.1  to  32.0 
percent  of  the  ;male  population).  ^  Efforts  are 
being  made  to  control  toxic  suBstances,  but  there 
will  be  long  lags  in  identifying  and  removing  toxic 
substances  from  the  environment.    Cancer  is  the 


only  major  cause  of  death  that  has  continued  to 
rise  from  1970  to  1976,  and  environmental  (i.e., 
exogenous  nongenetic)  factors  contribute  80-90 
percent  of  the  present  cancer  cases.'**  Little 
change  seems  in  prospect  for  the  life-styles  and 
institii'tional  demands  that  are  the  root  cause  of 
much  stress.  However,  many  persons  are  making 
efforts  to  improve  their  physical  fitness.  Some 
persons  are  changing  their  dietary  habits,  but  the 
Global  2000  food  projections  (see  Table  13-17) 
shoi^  the  industrialized  nations  increasing  their 
already  high  per  capita  food  consumption  still  fur- 
ther to  130-35  percent  of  the  standards  recom- 
mended by  the  Food  and  Agriculture  Organization. 
Efforts  to  reduce  energ;-  co^isumption  have  in- 
creased life  expectancies  in  at  least  one  way:  Ac- 
cidental deaths  associated  with  motor  vehicle 
accidents  have  declined  by  25  percent  between 
1972  and  1975,  due  primarily  to  reduced  speeds. 
However,  due  to  lax  enforcement  ot  the  new 
speed  limit  peed  and  accidents  are  both  in- 
creasing agai:.. 
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Conclusions 

The  discussion  in  this  and  other  sections  of  this 
chapter  make  clear  that  thr  projected  levels  of 
human  population  will  exert  significant  pressures 
on  the  environment,  both  directly  and'indirectly. 
Environmental  impacts  will  occur  in  both  tradi- 
tional and  industrial  cultures. 

A  number  of  traditional  cultures  have  existed 
for  centuries  in  relative  equilibrium  with  their 
environments.  Today /population  growth,  chang- 
ing technologies,  and  altered  life-styles  have  ren- 
dered the  balancing  mechanisms  ineffective.  Highly 
evolved  social-ecological  systems  are  breaking 
down  with  disastrous  results  for  both  humans  and 
their  life-supporting  environment. 

the  threat  to  most  ecosystems  in  less  developed 
regions  is  illustrated  in  the  last  four  maps  in  u.. 
colored  map  section  at  the  end  of  this  volume. 
These  maps  show  the  extensive  overlap  between 
the  areas  of  high  population  density,  limited  ag- 
ricultural potential,  and  intense  land  use.  In  parts 
of  Asia,  Africa,  and  Latin  America,  the  produc- 
tivity of  the  life-supporting  ecosystems  can  be  ex- 
pectedv  to  decline  as  a  result  of  another  two 
decades  of  intensifying  pressure. 

The  Global  2000  population  projections  show 
no  significant  slowing  in  growth  through  the  year 
2000,  and  increases  can  be  anticipated  well  into 


the  21st  century.  A  large  portion  of  the  6.4  billion 
persons  projected  for  2000  will  be  desperately 
poor.  Biological  resources  and  the  environment 
generally  as  well  as  economies  will  be  stressed 
just  to  meet  basic  human  needs.  Income  dispar- 
ities and  limited  educational  opportunities  will 
compound  the  difficulties. 

Population-related  pressures  on  the  environ^ 
ment  are  also  expected  to  increase  in  the  indus- 
trialized countries.  Although  population  growth 
in  these  countries  is  much  less  than  in  the  LDCs, 
the  resource  requirements  and  waste  production 
of  an  ''industrial  person"  is  large.  Trade  and  com- 
merce spread  the  environmental  impacts  of  ^in- 
creased industrial  populations  over  very  wide 
areas. 

Environmental  factors  will  complicate  preven- 
tive health  measures  in  both  less  developed  and 
industrialized  countries.  Poor  sanitary  conditions 
will  hamper  efforts  to  eradicate  the  diseases  that 
have  the  largest  influence  on  mortality  rates  in 
the  LDCs.  In  the  industrial  nations,  environmen- 
tal factors  and  life-styles  may  lead  to  the  contin- 
ued prevalence  of  premature'  deaths.'*'  Curative 
health  measures  will  be  complicated  in  both  de- 
veloping and  developed  countries  as  a  result  of 
increased  pathogen  resistance  to  many  common 
and  inexpensive  drugs. 


The  GNP  Projections  and  the  Environment 

The  Projections 

The  medium-growth*  Gross  National  Product  (GNP)  projections,  developed 
from  World  Bank,  CIA,  and  nongovernmental  data,  are  summarized  in  Table 
13-12.  GNP  is  projected  to  grow  exponentially  at  3.6  percent  per  year,  in- 
creasing 145  percent  by  2000.  The  industrialized  countries'  GNP  grows  more 
slowly  than  the  world  average,  increasing  by  129  percent.  The  less  developed 
countries  more  than  triple  their  GNP  but  the  magnitude  of  the  LDC  increase 
($2.4  trillion)  is  much  less  than  the  magnitude  of  the  increase  in  the  indus- 
trialized countries  ($6.3  trillion).  Nonetheless,  the  LDC  share  of  the  worid's 
total  GNP  is  projected  to  rise  from  18  to  24  percent. 

On  the  average  these  trends,  when  combined  with  the  trends  inherent  in 
the  population  projections,  imply  that  real  per  capita  incomes  increase  by 
about  a  third—  more  in  countries  with  rapid  economic  and  slow  population 
growth,  less  in  countries  with  slow  economic  growth  and  rapid  population 
growth.  In  some  cases  (Pakistan,  India,  Bangladesh),^little  or  no  growth  in 
real  per  capit"'  income  is  projected.  The  GNP  projections  do  not  address  the 
distribution  of  GNP  (or  income)  among  socioeconomic  classes  within  coun- 
tries and  give  no  indication  of  any  changes  that  might  occur  in  the  composition 
of  GNP. 


  Introduction 

•  The  GNP  projections  in  Chapter  3  are  ba'^d  on  rates  for  ...              ,  . 

low.  medium,  and  high  growth  Only  the  mcdium  growth  case  Although  economic  activity  certainly  has  many 

is  considered  here.  environmental  effects,  GNP  estimates  are  not  an 
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adequate  batii  from  which  to  deduce  detailed  en- 
vironmental impacts.  At  best,  GNP  figures  pro* 
vide  an  indication'  of  the  volume  of  economic 
activity,  but  with  virtually  no  hint  of  the  content. 
The  content  of  GNP  ts  particularly  imporunt  in 
connection  with  the  environment;  as  the  U.S. 
Commission  oil  Population  Growth  and  the 
American  Future  observed,  ''An  irony  of  [pres- 
ent] economic  measurement  is  that  the  value  of 
goods  ami  services  represented  by  the  GNP  in- 
dudes  the  cost  of  producing  the  pollutanU  u  well 
as  expenditures  for  cleaning  up  afterward.""^ 
Withmit  knowledge  of  the  specific  goods  and  bads 
and  the  lervioes  and  disservices  to  be  produced, 
only  a  very  general  discussion  of  the  environmen- 
tal implications  of  GNP  projections  is  possible. 

Nonetheless,  GNP  projections  do  provide  some 
due  to  future  environir.ental  problems,  particu- 
larly with  respect  to  pollution  and  waste  genera- 
tion and  resource  consumption.  By  tU  year  2000, 
even  the  slowest  growing  economy  is  projected 
to  have  nearly  doubled  iu  GNP,  while  more  vig- 
orous economies  will  have  more  than  tripled 
theirs.  Barrng  major  changes  in  the  kinds  of 
goods  (and  biia)  and  services  (and  disservices) 
produced— and  barring  major  changes  in  the  tech- 
nologies employed  and  in  the  share  of  GNP  de- 
voted to  environmental  protection— certain  rough 
proportional  increases  in  waste  and  pollution  gen- 
eration and  in  resource  consumption  can  be  an- 
ticipated/ 

In  the  paragraphs  that  follow,  the  implications 
of  GNP  growth  for  pollution  and  waste  generation 
and  for  resource  consumption  are  considered  very 
briefly.  (The  specific  implications  of  the  projected 
resource  developments  are  discussed  in  later  sec- 
tions of  this  chapter.)  Then,  toxic  substances— a 
topic  that  relates  more  to  GNP  growth  than  any 
of  the  other  projections — are  discussed  briefly. 

PoUutkm  and  Waatc  Gcneratioii 

Unleu  there  are  very  significant  structural 
changes  in  the  world's  economies,  increr'^ed  eco- 

*  Thk  obiervaUon  depends  to  a  degree  on  where  tector-^My 
the  ONP  srowth  oocun.  In  industnaKzed  countries,  economic 
growth  has  become  increasingly  concentrated  in  the  relatively 
dean  lervioe  sector,  rather  than  in  the  more  polluting  extrac- 
tive and  manufacturing  sectors.  ONP  growth  in  the  LDCt, 
which  will  occur  largely  in  primary  and  secondary  sectors,  will 
probaMy  have  relatively  larger  impacu  on  the  environment 
ovar  the  neit  two  decades.  Furthermore,  as  discussed  m  Chap- 
ter 14»  the  GNP  model  assumes  that  the  proportion  of  GNP 
allocated  to  eovironmental  pollution  will  not  increase  mark- 
edly in  the  LDCs,  and  the  energy  model  assumes  that  the  real 
coit  of  eavinKiflsental  protection  will  not  significantly  increase 
the  cost  of  butk^ng  or  operating  future  energy  facilities  in  the 
iaduatriaiiaed  countries. 


TABLE  1^12 

GNP  Trends,  197S-2000,  Medium-Growth  Rate 

(in  mlitons  (/<^'J  of  constant  1975  U  5,  doilars) 


1975  2000  Increase 


ONP 

Share 

GNP 

Share 

Aver-   -  ,  , 
age  ^^••^ 

per* 

cent 

cent 

percent 

Industrialized 

countries 

4.9 

82 

11.2 

76 

3.4  129 

Less  developed 

countries 

I.I 

18 

3  5 

24 

4  7  218 

WotM 

6.0 

100 

14.7 

100 

3.6  145 

Somm  Oiaptcr  2.  this  vfrfuiiK 


nomic  activity  can  be  expected  to  produce  larger 
quantities  of  waste  materials  and  more  residual 
wastes.  Whether  these  residual  wastes  actually 
enter  the  environment  as  pollutants  depends  on 
policies  for,  and  expenditures  on,  environmental 
protection.  The  projected  economic  growth  will 
have  one  of  two  effects  (or  a  combination  of 
both):  increased  release  of  wastes  and  pollutants 

^  into  the  environment  or  increased  costs  of  keeping 
the  waste  and  pollution  out  of  the  environment. 

Increased  environmental  pollution  can  occur  in 
at  least  two  ways:  firat,  as  a  result  of  relaxed  or 

.  unmet  ambient  (or  source-emission)  standards; 
second,  as  a  consequence  of  increased  numbers 
of  emiuion  sources,  ail  of  which  meet  unchanged 
source-emission  standards.  As  the  number  of 
sourm  (or  the  volumes  discharged  from  existing 
sources)  increases,  source-emission  standards  (per 
unit  of  effluent  discharged)  must  be  tightened  just 
to  maintain  present  environmental  conditions. 

Tightening  standards  to  compensate  for  in- 
creased economic  activity  may  become  quite  ex- 
pensive. For  example,  if  the  number  of  sources 
meeting  a  94  percent  emission  standard  doubles, 
the  standard  must  be  tightened  to  97  percent,  just 
to  break  even.  If  the  discharges  triple,  increased 
pollution  occurs  unless  the  standards  are  tight- 
ened to  98  percent.  As  the  standard  approaches 
100  percent,  the  costs  of  meeting  the  standard 
generally  increase  very  rapidly.  Thus,  the  pro- 
jected doubling  or  tripling  of  economic  activity 
can  be  expected  to  lead  to  either  an  increasing 
proportion  of  GNP  being  devoted  to  pollution 
control,  to  more  pollution,  or  to  both--unless 
there  are  innovations  in  production  processes,  by 
which  ''wastes"  are  recycled  and  used  (as  in  the 
pulp  and  paper  industry,  which  now  uses  "waste*' 
u  an  energy  source). 
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Resource  Consumptkm 

The  projected  increases  in  GNP  imply  in- 
creased demand  for  both  renewable  and  nonre- 
newable resources.  Meeting  these  resource 
demands  will  have  many  environmental  implica- 
tions. 

The  Global  2000  Study's  nonrenewable  re- 
source projections  (i.e.,  the  energy  and  minerals 
projectKHit  of  Chapters  10-12)  are  based  on  var- 
ious asnimed  linkages  to  GNP.  For  example,  as 
discttfted  in  Chapter  14,  the  LDC  minerals  pro- 
jections Mtume  that^DC  economies  will  become 
more  riineral-intensive  as  growth  continues;  the 
LDC  energy  projections  suggest  that  LDC  econ- 
omies will  not  increase  in  energy  intensiveness  as 
industrialization  proceeds.  In  the  industrialized 
economies,  the  models  assume  that  GNP  growth 
will  lead  to  little  change  in  energy  intensiveness 
and  to  decreasing  minerals  intensiveness.  What- 
ever the  actual  relationship  is  between  GNP  and 
^  nonrenewable  resources,  increased  environmen- 
tal &npacts  can  be  anticipated  in  the  mining,  re- 
X  finin^h4lld  energy  sectors  as  a  result  of  increased 
eoonomicl&tivity.  The  environmental  impacts  of 
the  projected  increase  in  demand  for  nonrenew- 
able resources  are  considered  in  other  sections  of 
this  chapter. 

Renewable  resources  are  also  of  critical  impor- 
tance to  the  heakh  of  the  world's  economies.  As 
Lester  R.  Brown,  President  of  Woridwatch  Insti- 
tute, has  observed: 

Four  biological  systems — fisheries,  forests,  grass- 
lands, and  croplands— form  the  foundation  of  the 
global  economic  system.  In  addition  to  supplying 
all  our  food,  these  four  systems  provide  virtually 
all  the  raw  materials  for  industry  except  minerals 
and  petroleum-derived  synthetics.  The  condition 
of  tM  economy  and  of  these  biological  systems 
cannot  be  separated.  As  the  global  economy  ex- 
^\    pands  .  .  .  pressures  on  earth^  biological  systems 

'  aire  mounting.  In  large  areas  of  the  world,  human 
daimt  on  these  systems  are  reaching  an  unsus- 
tainable level,  a  point  where  their  productivity  is 

^  being  impaired.  When  this  happens,  fisheries  col- 
lapse, forests  disa|»ear,  grasslands  are  converted 
into  banen  wastelands,  and  croplands  deterio- 
rate.*" 

The  environmental  impacts  of  projected  in- 
creases in  demand  for  renewable  resources  are 
considered  in  other  c^ions  of  this  chapter. 

The  Use  of  Chemicib  in  the 
Devflopmeiit  of  Societies* 

Reports  can  be  found  documenting  the  use  of 
chemioils  dating  back  to  antiquity.  The  utilization 


of  chemicals  to  enhance  living  conditions  can  be 
traced  to  the  simple  use  of  metals  in  the  devel- 
opment of  glazing  materials  for  ceramic  utensils. 
Other  uses  of  metals  are  found,  for  example,  in 
the  development  of  bronze,  initially  for  weap- 
onry, then  for  the  creative  arts.  Accounts  are  also 
found  of  the  use  of  metals  in  the  development  of 
medical  practice,  such  as  the  use  of  mercury  for 
medicinal  purposes  by  the  Romans.  The  reliance 
by  civilizations  on  chemicals  in  order  to  improve 
their  living  conditions  has  had  a  long  history  in 
Western  civilization. 

By  the  same  token,  however,  the  use  of  chem- 
icals in  an  adverse  sense  also  has  had  a  long  his- 
tory, beginning  with  the  use  of  extracts  from  the 
fruit  of  tfie  hemlock  by  the  Greeks.  This  was  fol- 
lowed by  the  Romans,  who  used  other  forms  of 
poisons,  and  later  still  by  those  who  participated 
in  the  Italian  court  intrigues  of  the  Renaissance 
era.  This,  of  course,  continued  into  the  end  of  the 
19th  century  with  the  development  of  trinitroto- 
luene (TNT)  and  the  use  of  chemicals  in  modem 
warfare  in  Worid  War  I. 

It  was  not  until  the  end  of  the  19th  century  that 
the  use  of  chemicals  in  society  began  to  become 
widespread.  It  was  at  this  point  that  reliance  on 
natural  sources  for  chemicals  became  so  strong 
that  the  sources  of  supplies  began  to  lag  signifi- 
cantly behind  the  demands  society  placed  upon 
them.  Thi5  *ed  to  the  development  of  experimen- 
tal chemistry  in  Europe  for  the  express  purposes 
of  synthesizing  new  chemicals  to  replace  those 
originally  obtained  from  natural  sources.  This  de- 
velopment coincided  with  the  discovery  that  crude 
oil,  which  was  initially  used  as  a  replacement  for 
whale  oil,  could  also  l>e  used  as  a  new  source  of 
supply  for  chemicals.  A  new  scientific  discipline 
emerged,  to  expand  the  utility  of  crude  oil:  or- 
ganic chemistry. 

With  the  advent  of  organic  chemistry,  the  syn- 
thesis of  every  imaginable  organic  compound 
originating  from  crude  oil  feedstock  began.  In 
part,  this  activity  was  the  domain  of  the  scientist 
in  order  to  further  understand  the  mechanisms  of 
organic  chemical  reaction  rates.  Uses  for  the  in- 
creasing number  of  organic  compounds  synthe- 
sized by  the  organic  chemists  was  left  to  others, 


*  This  lection  wit  added  at  the  tusiestkm  of  the  U.S.  De- 
partment of  Sute,  while  Chapter  13  was  in  press.  It  if  the  work 
of  Mr.  Jack  Blanchard  in  the  Office  of  the  AMisu..<  Secreury 
for  Oceans  and  Intemational  Environmental  and  Scientific 
Affain,  Department  of  State .  Since  toiic  chemicab  are  a  major 
source  of  pollutants  in  the  coasul  waten  of  the  world's  oceans, 
they  are  also  discusaed  below,  in  the  section  or  the  marine 
environment. 
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however,  to  develop.  An  example  of  such  a  proc- 
ess was  DDT.  It  was  considered  a  novel  com- 
pound by  organic  chemists  in  the  early  1940s.  It 
was  not  until  the  latter  stages  of  World  War  II, 
however,  that  it  was  found  to  have  pesticide  ac- 
tivity and  was  u^  extensively  as  a  disinfectant. 
Subsequently,  its  use  as  an  overall  general  pes- 
ticide expanded  enourmously  after  the  war.  It  was 
used  widely  and  it  was  inexpensive.  Only  recently 
have  wc  realized  its  adverse  effects:  pesticide  re- 
sistance, thinning  of  eggshells,  and  its  appearance 
in  foodstuffs  worldwide.  Indeed,  the  field  of  or- 
ganic chemistry  spawned  an  impressive  expansion 
of  new  pharmaceuticals  which  led  to  striking  ad- 
vancements in  medical  health  practices.  In  time, 
the  advent  of  novel  synthetic  organic  chemicals 
quickly  found  commercial  uses,  such  as  plastics 
and  even  artificial  diamonds.  Just  before  the 
World  War  II,  U.S.  production  of  synthetic  or- 
ganic materials  was  less  than  1  billion  pounds  per 
year.  By  1978,  U.S.  production  had  risen  to  ap- 
proximately 172  billion  pounds  annually."^ 

The  use  of  chemicals  in  the  20th  century  has 
become  so  widespread  that  it  can  be  said  that  their 
presence  is  ubiquitous.  Along  with  this  expanded 
reliance  of  chemicals,  however,  has  been  an  in- 
creasing awareness  in  recent  years  of  the  unin- 
tended adverse  impact  to  the  environment  and 
public  health  due  to  the  widespread  use  of  chem- 
icals. Society  has  come  to  rely  extensively  on 
chemicals  and  is  now  beginning  to  realize  the 
problems  that  have  been  created  with  the  maif- 
ufacture,  use,  transportation,  and  disposal  of 
chemicals.  For  the  advantages  that  chemicals  have 
given  societies,  which  have  been  overwhelming, 
there  have  also  been  disadvantages  which  have 
proven  striking.  We  are  now  beginning  to  realize 
how  extensive  these  disadvantages  are,  and  in  in- 
dustrialized societies  remedial  measures  are  being 
developed  to  respond  to  the  more  serious  prob- 
lems chemicals  pose  to  the  environment  and  pub- 
lic health. 

At  the  Governing  Council  meeting  of  tha 
United  Nations  Environment  Programme  in  1978, 
it  was  estimated  that  4  million  identifiable  chem- 
icals are  in  common  use,  with  the  worlc|wide  value 
of  chemical  sales  in  excess  of  $300  million  annually 
and  with  over  30,000  chemicals  ir^commercial  use. 
There  are  some  1,000  new  chemicals  brought  on 
to  the  market  annually.  With  regard  to  inter- 
national trade  in  chemicals  among  OECD-mem- 
ber  countries,  this  amounted  to  approximately 
$50  billion  in  1976. 

Along  with  this  expanded  use  of  chemicals, 
however,  has  beeaan  increasing  awareness  in  re- 
cent years  of  tKe  unintended  adverse  impact  to 


the  environment  and  public  health  following  long- 
term  low  level  exposures  to  chemicals.  Society  has 
come  to  rely  extensively  on  chemicals  in  order  to 
improve  its  living  conditions.  This  heavy  reliance 
on  chemicals,  however,  has  begun  to  elicit  con- 
cerns about  the  benefits  when  evaluated  with  the 
unintended  risks  associated  with  their  use.  These 
risks  have  been  associated  with  every  facet  in  the 
utilization  of  chemicals,  from  their  manufacture 
and  use  to  their  transportation  and  disposal. 

Examples  of  such  risks  to  chemicals  abound, 
not  only  in  the  technical  press,  but  the  lay  press 
as  well.  There  can  be  no  dispute  that  radium, 
originally  used  on  watch  faces  for  luminescent  fig- 
ures, causes  cancer.  Similariy  that  dibromochio- 
ropropane  (DBCP)  developed  as  a  herbicide 
causes  sterility  in  males  following  occupational 
exposures."'  Also  that  vinyl  chloride  monomer, 
the  precursor  to  polyvinyl  chloride,,  causes  an- 
giosarcoma of  the  liver.  '"Transportation  of  bulk 
chemicals  has  periodically  resulted  in  major  ac- 
cidents requiring  the  evacuation  of  whole  com- 
munities in  order  to  protect  them  from  clouds  of 
poisonous  gas,  explosives,  or  other  hazards. 
Similarly,  disposal  of  chemicals  until  recently  has 
never  been  regulated.  Environmental  contami- 
nation of  the  Hudson  and  James  Rivers  by 
PCBs"*and  Kepone,"'  respectively,  of  the  Love 
canal  in  New  York  State,'"  and  of  Hardeman 
County,  Tennessee,'"  and  Seveso,  Italy,  are  ex- 
amples of  large-scale  industrial  disposals  of  chem- 
icals, which  in  time  have  proven  injurious  to 
communities. 

Where  does  the  control  of  chemicals  begin  in 
order  to  provide  society  with  some  protection? 
How  will  the  uses  of  chemicals  be  tempered  in 
order  to  provide  a  rational  basis  for  their  contin- 
ued use?  The  projected  outcome  may  not  be  dif- 
ficult to  develop  if  current  practices  are  taken  into 
consideration.  The  major  question  remains  as  to 
whether  controls  on  chemicals  will  be  adequate 
to  allow  for  their  continued  use  by  society  while 
maintaining  an  acceptable  measure  of  protection 
from  exposures  associated  with  their  manufac- 
ture, use,  transportation,  and  disposal. 

Chemicals  will  continue  to  play  an  integral  role 
in  the  development  of  societies  of  both  industrial- 
ized nations  and  less  developed  countries.  The 
roles  played  by  these  societies  with  regard  to  the 
control  of  toxic  substances  may  not  be  changed 
materially  by  the  year  2000. 

Industrialized  countries  have  begun  to  institute 
regulatory  controls  on  cheniicals.  As  national  pro- 
granis  have  been  developed  in  the  last  few  years, 
continued  examples  of  adverse  environmental  and 
public  health  damage  coupled  with  society's  in- 


ERLC 


ai7 


ENVIRONMENT  PROJECTIONS 


255 


creasing  concerns,  have  led  to  this  development. 
As  governments  move  to  implement  their  respec- 
tive national  programs,  two  major  goals  are  being 
addressed:  (1)  protection  of  public  health  and  en- 
vironment and  (2)  recognition  that  economic  im- 
pacts associated  jivith  these  controls  should  not 
impede  unduly  (or  preate  unnecessary  economic 
barriers  to)  technological  innovation.  Tliese  issues 
have  international  ramifications.  Considerable 
movement  has  been  made  in  attempting  to  reach 
consensus  among  industrialized  countries  regard- 
ing the  control  of  chemicals.  It  seems  prudent  to 
project  that  some  form  of  international  cooper- 
ation will  take  place  in  the  future,  hopefully  well 
before  the  year  2000. 

A  different  set  of  problems  exist,  however,  for 
less  developed  countries.  In  these  instances,  ex- 
amples already  exist  with  regard  to  governments 
who  perceive  themselves  at  some  disadvantage 
relative  to  industrialized  countries  in  protecting 
themselves  from  adverse  exposures  to  chemicals. 
Developing  countries,  and  in  some  cases  less  de- 
veloped countries,  have  indicated  that  insufficient 
data  are  available  to  them  in  order  to  develop 
adequate  control  programs.  Few  developing 
^  countries  have  the  capacity  to  cope  with  the  so- 
phisticated analyses  required  to  assess  the  risks 
of  imported  or  locally  manufactured  chemicals, 
and  multinational  chemical  ihanufacturers  are  lo- 
cating plants  in  the  LDCs  to  oid  the  regulations 
that  already  exist  in  many  tnuustrialized  nations. 
In  view  of  these  problems,  the  LDCs  have  asked 
the  United  Nations  Environment  Programme 
(UNEP)  for  assistance  in  developing  and  strength- 
ening their  capabilities  for  evaluating  chemicals, 
food,  drugs,  and  cosmetics. 

The  projections  for  less  developed  countries  for 
the  year  2000  in  dealing  with  chemicals  are  less 
amenable  to  generalizations.  It  can  be  ;»aid  that 
they  will,  of  course,  rely  on  UNEP  as  well  asother 
multilateral  organizations  to  provide  the  basic 
technical  skills  for  controlling  the  manufacture, 
use,  transportation,  and  disposal  of  chemicals, 
^me  countries  may  incorporate  directly  part  or 
all  of  the  control  programs  implemented  by  in- 
dustrialized countries.  As  such  the  work  of  de- 
veloped countries  in  harmonizing  regulatory 
controls  in  chemicals  becomes  quite  important  to 
both  the  chemical-exporting  countries  and  the 
chemicaNimporting  countries. 

The  level  of  control  of  chemicals  by  the  year 
2000  may  be  somewhat  anticipated  on  the  basis 
of  developments  already  under  way.  Within  in- 
dustrialized societies,  the  environmental  move- 
ment has  established  a  substantial  body  of  legislative 
mandates  designed  to  protect  public  health  s^nd 


the  environment  from  pollutants  from  industrial 
sources.  This  activity  has  been  concerned  with 
toxic  chemicals.  Many  of  these  programs  have 
been  adopted  by  the  World  Bank  in  establishing 
environmental  guidelines  for  developing  coun- 
tries desirous  of  undertaking  rapid  growth  in  their 
economies.'^  While  environmental  controls  are 
being  imposed  in  industrial  countries,  less  devel- 
oped countries  will  be  able  to  benefit  from  these 
efforts. 

With  regard  to  direct  controls  in  chemicals 
themselves,  the  picture  is  a  bit  less  clear.  Indus- 
trialized countries  have  identified  the  character- 
istics of  those  chemicals  which  could  be  regarded 
as  having  unacceptable  effects  on  humans  and 
their  environment.  These  generally  are  persist- 
ence, wide  distribution,  and  bioaccumulation 
leading  to  biological  effects,  and  they  form  the 
basis  of  their  respective  chemical  control  pro- 
grams. Since  pollution  readily  crosses  political 
boundaries,  there  is  a  definite  correlation  that  can 
be  expected  to  occur  between  control  programs 
in  industrialized  and  those  in  less  developed  coun- 
tries, the  only  mitigating  aspects  being  economics, 
technical  expertise,  and  societal  factors.  In  time, 
one  would  expect  that  regulatory  controls  of  toxic 
substances,  once  initiated  by  industrialized  coun* 
tries,  will  also  be  adopted  by  nonindustrialized 
countries. 

As  less  developed  countries  improve  their  econ- 
omies, a  transfer  of  information  on  the  control  of 
chemicals  will  be  expected  to  occur.  In  time,  the 
differences  will  be  one  of  a  degree  of  enforcement 
from  country  to  country.  Society  cannot  live  with- 
out chemicals.  It  is  clear,  on  the  other  hand,  that 
society  cannot  live  without  controls  on  chemicals. 
Somewhere  in  between'^tll  be  found  the  position 
of  the  broad  range  of  societies,  their  disparities 
measured  by  their  willingness  to  coexist  with 
chemicals  in  their  environment. 


Conclusions 

The  GlobPi  2000  Study  projects  the  GNP  of  the 
worid  to  increase  from  $6  trillion  in  1975  to  $14.7 
trillion  in  2000.  Because  GNP  figures  include  the 
cost  of  producing  pollution  as  well  as  cleaning  up 
afterward,  they  are  an  inadequate  basis  for  antic- 
ipating environmental  impacts.  However,  the 
GNP  projections  imply  increasing  demand  for 
both  renewable  and  nonrenewable  resources. 
Short  of  major  changes  in  the  structure  of  the 
world's  economies,  meeting  the  projected  re- 
source i^emands  will  lead  to  increases  in  environ- 
mental pollution  or  increases  in  the  proportion  of 
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ONP  devoted  to  environmental  protection,  or  the  projected  demands  are  analyzed  in  other  sec^ 
both.  The  environmental  implicationi  of  meeting     tiont  of  diis  chapter. 


CLIMATE  CHANGES  AND  THE  ENVIRONMENT 
The  Projections 

Because  of  the  difficulty  of  climatological  modeling,  it  is  not  possible  currently 
to  produce  generally  agreed-upon  quantitative  cUmate  projections.  Instead, 
the  OA  developed  for  the  Global  2000  Study  three  climatolo^  scenarios,* 
each  of  approximately  equal  probability,  and  described  the  principal  char- 
acteristics and  probable  broad-scale  effects  of  each.  The  three  scenarios, 
discussed  in  detail  in  Chai^er  4,  are,  in  brief: 

Case  I:  No  Change.  Qimate  conditions  approximate  those  of  the  1941-70 
period. 

Case  II:  Warming.  A  general  wanning,  mainly  in  the  polar  and  higher  middle 
latitudes,  is  associated  with  smaller  year  to  year  variation  in  precipitation  and 
with  slight  increases. in  global  precipitation  but,  at  the  same  time,  with  a 
greater  likelihood  of  continental  drought  in  the  U.S. 

Case  III:  Cooui^p.  Cooling  in  the  higher  and  middle  latitudes  is  associated 
with  a  decrease  in  precipitation  amounts  and  an  increase  in  month  to  month 
and  year  to  year  variation  in  predpiution,  a  general  equatorward  shift  of 
storm  tracb,  more  frequent  failures  of  the  monsoon  over  India,  and  Recurrent 
severe  droughts  in  tiie  Sahel  (as  during  tiie  1972-74  period). 

Aspects  <rf  die  eoern^,  forestry,  food,  and  GNP  projections,  which  also 
have  the  potential  to  influence  (and  be  influenced  by)  climatie,  are  listed  here 
in  summary  form. 

The  Enerp  Frojedons  through  1990  show  annual  increases  in  the  de- 
mand for  oil  of  3.0  percent;  oil  will  supply  47  percent  of  the  1990  energy 
demand.  (See  Chapters  10  and  20  for  an  explanation  of  the  1990  limit  to  the 
energy  ptx>jections.)  It  is  projected  Uiat  coal  will  furnish  one-fifth  of  the  total 
energy  for  1990.  Nudear  and  hydroelectricity  production  will  treble  and  will 
furnish  16  percent  of  the  1990  energy  demand.  Natural  gas  usage  will  have 
increased  43  percent  by  1990  to  satisfy  17  percent  of  the  demand. 

The  Forestry  Projections  anticipate  deforestation  at  rates  that  will  reduce 
total  forested  areas  on  tiie  earth  by  16-20  percent  by  2000. 

The  Food  md  Agriculture  Projections  foresee  a  90-100  percent  increase 
in  total  world  production.  This  increase  is  based  on  a  small  (S  percent) 
increase  in  arable  land  and  a  70-100  percent  increase  in  productivity  of  land 
under  cultivation.  Much  of  Uie  increased  productivity  is  a  result  of  more  than 
a  doubling  of  fertilizer t  use  per  hectare  for  the  world  as  a  whole,  and  a 
quadrupling  of  fertilizer  use  per  hectare  in  tiie  LDCs. 

The  Gross  National  Product  Projections  show  trends  toward  increases  in 
real  per  captU  incomes  by  about  one-third,  witii  greater  increases  in  countries 
wiUi  rapid  economic  growth  but  slow  population  growth,  and  smaller  increases 
in  countries  with  slow  economic--but  rapid  population— growth. 


*  The  three  dimatologkal  toeminos  developed  by  the  CIA  were  haied  in  part  on  five  Kenarios 
developed  Jointly  by  the  NatiOMi  Oceanic  and  Atmoipheric  Administration,  the  Department 
oi  Agriculture,  the  National  C^efeme  Univenity  and  the  Central  IntelUsence  A|ency. 
t  In  the  USDA  projectiom,  the  term  '*fertiHxer**  it  used  to  denote  fertilixen  and  other  yield- 
enhsiiCiQs  inputs,  inchtding  pesticides  and  herbicides. 
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Introduction 

Present  comprehension  of  long-range  climatic 
phenomena  is  s6  limaed  that  scientists  have  no 
gener£(lly  accepted  bases  for  predicting  with  as* 
surance  the  magnitudes— or  even  the  directions — 
of  possible  i^nges  in  the  earth's  <;limate  over  the 
next  several  decades.  Yet  it  is  known  that  the 
climate  of  the  i930s  and  1960s  was  exceptionally 
favorable  and  that«  on  the  basis  of  past  experi- 
ence, l)ie<earth^ci|n  expect  botttmore  variable  and 
less  fkvorable  ctitnate  in  the  future.  Some  human 
activities,  especially  those  resulting  in  releases  of 
carbon  dioxide  into  the  atmosphere,  are  known 
to  have  the  pdtential  to  affect  the  world's  climate. 
Whether  future  climate  changes  will  be  predom- 
inamly  of  natural  or  human  origin  is  not  known, 
and  the  pace  at  which  they  will  occur  and  the 
severity  of  their  consequences  are  unknown  quan- 
tities. Many  experts  nevertheless  feel  that  changes 
on  a  scale  likely  to  affect fhe  environment  and  the 
economy  of  large  regions  of  the  world  are  not 
^nly  possible  but  probably  irt  the  next  25-50  years. 

The  Global  2000  StMJ'  g^oup,  faced  with  the 
peed  to  estimate  the  effects  of  climate  change  on 
the  environment  over  the^next  quarter  century, 
*^cided  to  use  the  recent  survey  of  expert  opin- 
ion "\coAducted  by  the  NatiPtial  Defense  Uni- 
vers:ify  as  a  basis  for  the  three  scenarioi^  described 
briefly  9bpve.  Environmental  implications  of  each 
of  the  Global  20OO  Study  cliiTiate  scenarios  will  be 
examined  he  re, 'tog  »t  her  with  aspects  of  some  of 
the  othei^  projectidit^  that  have  implications  for 
world  climatf .  ^  v-,  —       *   ? . 

Climate  Scenarios 

An  analysis  of  the  environmental  impacts  of  the 
three  Global  2000  climate  scenarios  must  begin 
with  a  brief  glance  at  the  National  Defense  Uni- 
versity (NDU)  study  on  which  they  based. 

The  five  climate  scenarios  of  the  NDU  study 
were  developed  by  a  panel  of  experts  in  clima- 
tology. All  had  the  same  basic  information;  each 
had  his  own  ideas  and  opinions  as  to  the  nature, 
dimensions,  and  consequences  of  the  climate 
changes  thai  could  be  expected  over  the  next  25 
yeak's.  Both  human-caused  (anthropogenic)  and 
natural  influences  were  considered.  Increased  fos* 
sil  fuel  combustion  and  clearing  of  forests  for  food 
production  are  examples  of  possible  anthropo- 


•  The  probabtlity  of  occurrence  .of  the  Case  I  scenano  (No 
Change),  is  0  30,  of  Case  II  (Warming),  approximately  0  25, 
of  Case  III  (Cooling),  also  0.25.  Estimated  from  the  probability 
figures  for  the  five  National  Defense  University  scenarios  given 
in  Tables  4-1 A  through  4^5 A  in  Chapter  4 


genie  influences.  Natural  influences.are  exempli- 
fied by  changes  in  solar  radiation,  volcanic  activity, 
and  shifting  ocean  currents,  all  of  which  can  have 
significant  effects  on  climate. 

All  members  of  the  panel  had  available  detailed 
evidence  of  climate  variation,  both  during  human 
history  and  during  the  geological  history  of  the 
planet,  indicating  that  significant  natural  varia- 
tions could  occur  between  the  present  and  the 
year  2000, 

The  benign  climate  of  the  1950s  and  the  1960s 
was  by  no  means  typical  of  the  integlacial  (or  post- 
glacial) penod  the  e^rth  has  been  experiencing 
for  approximately  the  last  10,0(iO  years,  *^  This 
20-year  period  was  most  favorable  for  agriculture 
and  food  production  over  much  of  the  cultivated 
areas  of  the  industrialized  high-technology  na- 
tions; a  climate  a  few  degrees  warmer  or  cooler 
could  have  been  considerably  less  favorable,'^ 

Consider^ition  of  current  trends  in  temperatures 
and  of  the  history  of  climate  over  the  past  10,000 
years  led  th:^  NDU  panel  of  experts  to  five  alter-  ^ 
native  climate  scenarios  for  the  next  25  years;  (1)  ' 
Large  Warming,  (2)  Moderate  Warmmg,  (3)  No 
Change,  (4)  Moderafc  tboling,  and  (5)  Large  • 
Cooling,  The  three  Global  2000  Study  scenarios 
are  related  to  these  five  as  follows:  Case  I  (No 
Change)  is  essentially  identical  to  the  NDU  No 
Change  scenario;  Case  II  (Warming)  falls  be- 
tween the  NDU  Moderate  Warming  and  Large 
Warming  scenarios;  Case  III  (Cooling)  falls  be- 
tween the  NDU  Moderate  Cooling  and  Large 
Cooling  scenarios. 

The  climatological  considerations'^'  behind  the 
Global  2000  Study  scenarios  are,  briefly: 

Case  I:  No  Change  might  occur  if  warming  and 
coolins  effects  should  happen  to  balance  one  an- 
other Between  now  and  2(J00. 

Case  II:  Warming  might  occur  if  the  warming  ef* 
feet  of  atmospheric  carbon  dioxide  were  to  pre- 
dominate o»'er  all  ortier  effects. 

Case  III:  Cooling  might  occur  if  the  global  cooling 
trend  that  began  in  the  1940s  were  to  continue, 
possible  as  the  result  of  an  inirrease  in  volcanic 
activity  (and  related  dust)  or,a  (sunspot-cycle-re- 
lated)  decrease  in  the  solar  energy  reaching  the 
earth. 

Environmental  Consequences  of  the 
Climate  Scenarios 

Details  of  the  Global  2000  Study's  Case  I  (No 
Change)  scenario  are  given  in  Chapter  4  under 
the  heading  ''Same  as  the  Last  30  Years."  The 
major  premise  is  that  the  warming  effects  of  in- 
creasing CO2  in  the  atmosphere  will  compensate 
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for  the  cooling  effects  of  a  natural  cycle  of  falling 
temperatures.  The  environmental  consequences 
of  this  scenario  on  changes  in  energy  usage,  ag-* 
riculture  and  food  production,  and  forestation  are 
minimal.  Furthermore,  since  none  of  the  govern- 
ment's present  long-term  global  models  can  utilize 
dimat?  inputs,  all  of  the  Global  2000  Study  en- 
vifonmenisd  impact  projections  are  based  on  the 
assumption  that  the  Case  I  (No  Change)  scenario 
will  Mually  occur.  Thus,  the  environmental  im- 
pacts of  the  Case  I  scenario  are  incorporated  in 
those  projections. 

The  Case  11  (Warming)  scenario  has,  of  course, 
somewhat  different  environmental  implications. 
This  scenario  leads  to  an  increase  of  V  C  in  global 
temperatures,  with  most  of  the  warming  in  the 
polar  regions  and  the  higher  middle  latitudes. 
Precipitation  increases  are  predicted  for  the  higher 
middle  latitudes  with  little  change  elsewhere. 
Fewer  extremely  cold  winters  might  be  expected, 
but  the  chance  that  the  interior  of  the  U.S.  would 
experience  hot  summers  and  widespread  drought 
conditions  resembling  those  of  the  mid-1930s  is 
likely  to  increase.  The  warming  would  be  sub- 
stantially beneficial  to  Canadian  and  Soviet  wheat 
production;  it  would  be  moderately  detrimental 
to  wheat  in  Argentina,  Australia,  and  India  and 
marginally  unfavorable  to  com  (maize)  in  Argen- 
tina and  the  U.S.  The  effects  on  energy  usage, 
while  not  calculated,  are  probably  negligible.  De- 
forestation would  probably  increase  in  Uie  higher 
middle  latitudes  as  more  of  the  land  became  ar- 
able. Prettures  on  forests  elsewhere  would  de-  ^ 
pend  on  population  growth  and  concomitant 
needs  for  food,  fuelwood,  building  materials,  and 
other  forest  products. 

The  Case  III  (Cooling)  scenario  leads  to  a 
global  temperature  decrease  of  O-S**  C,  with  V  C 
cooling  in  the  higher  and  middle  latitudes  and 
smaller  dianges  near  the  equator.  Precipitation 
amounts  decrease,  and  month  to  month  and  year 
to  year  variability  increases.  Stocm  tracks  shift 
equatorward,  bringing  precipitation  to  the  higher 
latitudes  of  deserts,  but  causing  equatorward  ex- 
pansion of  these  deserts.  Monsoon  failures  would 
become  more  frequent  and  severe  in  India,  and 
the  Sahel  would  experience  more  frequent  severe 
droughts.  Wheat  yields  in  Canada  and  the  Soviet 
Union  would  be  reduced,  but  other  key  crops 
would  not  be  severely  affected.'^  The  demand 
for  energy  would  increase,  particularly  in  the  mid- 
(He  and  higher  latitudes,  where  increastng  amounts 
of  energy  would  be  needed  for  heating.  Also, 
greater  variability  of  dimate  might  call  for  higher 
levels  of  heating-fuel  reserves.  Additional  de- 
mamls  for  energy  might  also  resuh  from  attempts 


to  relieve  drought  effects  in  densely  populated 
areas  by  produdng  water  in  massive  desaliniza- 
tion  programs.  Forested  areas  at  higher  latitudes 
of  the  Northern  hemisphere  would  become  less 
accessible,  and  grow  more  slowly. 

Impact  of  the  Other  Projectioiis  On 
CUmate 

Climatologists  have4dentified  two  general  types 
of  factors  Jthat  influence  climate:  human  activity 
(anthropogenic  influences)  and  natural  factors 
(geological,  oceanic,  and  ice  feedback  effects  and 
astronomical  effects).  The  following  paragraphs 
''focus  primarily  on  the  anthropogenic  influences 
iiliplied  by  the  othzi  Global  2000  litudy  projec- 
tions^  espedally  the  GNP,  food  and  agriculture, 
forestry,  and  energy  projections.  These  projec- 
tions are  considered  in  terms  of  their  potent*^' 
effects  on  the  factors  thought  most  likely  to  altCi 
the  world's  climate. 

Most  experts  agree  that  the  most  potentially 
hanpful  changes  in  climate  on  a  global  scale  would 
result  from  ir^reases  of  atmospheric  carbon  diox- 
ide and  other  "greenhouse  gases"  (such  as  fluo- 
rocarbons  and  nitrous  oxide),  from  changtStn^ihe 
quantity  and  character  of  particulate  matter  in  thss^ 
atmosphere,  or  from  a  partial  destruction  of  the  j 
ozone  layer.  Changes  in  the  earth's  surface  9lbe^ 
(a  measure  of  reflectivity),  and  increasesirTresid- 
ual  heat  released  as  a  consequence  of  energy  use 
are  also  known  to  be  factors  in  local,  regional, 
or — in  extreme  cases — global  changes  in  climate.  ^ 

Carbon  DIokide 

Carbon  dioxide  (CO,)  is  a  colorless,  tasteless, 
nontoxic  gas.  It  is  exhaled  by  all  animals  as  a 
product  of  metabolism  and  isYbsorbed  by  plants 
as  part  of  Uie  process  of  photosynthesis.  CO,  is 
a  basic  product  of  the  combustion  of  all  hydro- 
carbons, including  fossil  fuels  and  wood.  It  is  not 
subject  to  economically  practical  control  by  any 
pollution-control  technology.  The  amounts  pro- 
duced annually  are  so  large  that  the  only  possible 
means  of  disposal  is  discharge  to  the  atmosphere. 

The  carbon  dioxide  content  of  the  atmosphere 
has  been  increasing  since  routine  observations 
began.  Preindustrial  (ca.  1860-90)  atmospheric 
CO,  content  is  estimated  by  most  experts  at  ap- 
proximately 290  ppm  (parts  per  million  by  vol* 
uine)"*;  measurements  show  the  1976  content  to 
be  332  ppm.  ^  The  upward  trend  is  easily  seen 
in  Figure  13-2,  which  shows  rather  large  seasonal 
variations  superimposed  on  the  long-term  trend. 
The  average  concentration  increased  by  about  S 
percent  in  the  20-year  period  19S&*78. 
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The  increasing  atmospheric  concentration  of 
COa  is  of  concern  because  of  the  so-called  green- 
house effect.  In  a  greenhouse  (or  solar  collector), 
shortwave  solar  radiation  (light)  from  the  sun 
passes  through  the  glass  and  is  re-radiated  as  in- 
frared longwave,  heat  radiation  from  the  soil  and 
other  surfaces  inside  the  greenhouse.  The  heat 
energy  radiated  upward  is  tra|^  inside  of  the 
greenhouse  by  the  glass,  which  cannot  transmit 
longwave  radiation  to  the  colder  outside  environ- 


ment. The  COj  in  the  atmosphere  acts  in  much 
the  same  way  as  glass,  permitting  solar  radiation 
to  pass  through  to  the  earth's  surface  but  inter- 
ceptmg  some  of  the  heat  radiated  upward  from 
the  surface  toward  space  and  reradiating  it  back 
toward  the  surface.  With  steadily  increasing  at- 
mospheric COj,  the  balance  between  incoming 
and  outgoing  radiation  can  be  maintained  only  if 
surface  and  lower-atmospheric  temperatures  in- 
crease. 
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There  is  stiP.  some  uncertainty  on  exactly  where 
all  of  the  additional  CO,  is  coming  from,  where 
it  goes,  and  whether  the  rate  of  increase  will  re- 
main constant  or  change.  The  general  picture, 
however,  is  reasonably  well  established,  at  least 
out  to  the  year  2000.  Since  the  total  amount  of 
carbon  in  the  earth-atmosphere  systeie^  is  con- 
stant, the  carbon  being  added  to  the  atmosphere 
pool  must  come  from  a  nonatmospheric  carbon 
pool  somewhere  within  the  system.  Figure  13-3 
shows  the  various  pools  of  carbon  in  the  earth- 
atmosphere  system  and  the  flows  of  carbon  be- 
tween pools.  Most  experts  consider  that  carbon 
from  the  combustion  of  fossil  fuels  is  the  main 
cause  of  increasing  CO,  in  the  atmosphere,  but 
recently  others  have  suggested  that  deforestation 
(and  the  associated  oxidation  of  the  fixed  carbon 
in  plants  and  humus)  may  contribute  approxi- 
mately AS  much  to  the  increase  of  atmospheric 
COj     the  combustion  of  fossil  fuels. 

Global  2000  Study  projections  are  not  suffi- 
ciently precise  to  permit  accurate  calcfxiations  of 
how  much  CO,  will  accumulate  in  the  atmosphere 
4n  the  coming  decades.  However,  Mgnificant  in- 
creases in  atmospheric  CO,  levels  can  be  antici- 
pated on  the  basis  of  the  forestry  and  energy 
projections:  Deforestation  and  fossil  fuel  com- 
bustion are  both  projected  to  increase  signifi- 
cantly. On  the  basis  of  the  Study's  projections  of 
fossil  fuel  combustion  alone,  the  Brookhaven 
National  Laboratory  estimates  that  annual  emis- 
sions cf  COj  will  increase  by  35-90  percent  by  the 
year  1990.* 

Not  all  the  CO,  released  into  the  atmosphere 
by  these  and  other  process  >  accumulates  in  the 
atmosphere.  Past  records  and  computations  show 
that  atmospheric  carbon  dioxide  has  been  increas- 
ing by  only  about  46  percent  of  the  CO,  released 
into  the  at  losphere  annually.*^*  An  amount 
equivalent  to  the  remaining  S4  percent  is  removed 
by  plani:»  through  the  process  of  photosynthesis 
and  by  *nt  s.^rface  waters  of  the  ocean,  which  take 
up  the  in  solution. The  amount  removsd 
from  the  a'tmosphere  by  these  processes  is  de- 
pendent on  the  atmospheric  concentration  of 
COv  From  biology  and  chemistry  it  is  known  that, 
in  general,  the  greater  the  concentration  of  CO, 
in  the  atmosphere,  the  more  is  removed  by  veg- 
et  ton  and  the  oceans.  However,  the  increasing 
cone  ^ntration  of  CO,  in  the  oceans  (which  may 
reduce  the  ability  of  ocean  surfaces  to  dissolve 
CO})  and  the  projected  deforestation  could  con- 
ceivably reduce  the  rate  of  absorption  and  cause 


*  See  the  Energy  System  Network  Simulator  (ESNS)  estimates 
in  Chapter  10. 


an  acceleration  in  the  current  annual  rate  of  in- 
crease in  atmospheric  CO,.  No  one  knows  for  sure 
how  these  and  other circumstances  will  com- 
bine in  the  years  ahead,  but  after  a  careful  study 
of  the  matter,  the  National  Academy  of  Sciences 
anticipates  that,  if  presenftrends  continue,  a  four- 
to  eightfold  increase  of  atmospheric  CO,  concen- 
tration is  entirely  possible  by  the  latter  part  of  the 
22nd  Century.  A  four-  to  eightfold  increase  in 
atmospheric  CO,  concentration  would  have  ex- 
cee(^lngly  serious  consequences.  Even  ^  doubling 
would  have  very  serious  consequences,  and  sev- 
eral scientists  feel  tfiat,  if  present  trends  continue, 
a  doubling  is  likely  to  occur  during  the  first  half 
of  the  21st  Century. 

The  major  contribution  to  an  increased  con- 
centration of  atmospheric  CO,  is  the  combustion 
of  fossil  fuels.  Over  the  past  30  years  fossil  fuel 
combustion  has  increased  at  about  4.3  percent  per 
year.  About  half  of  the  CO,  released  by  fossil  fuel 
combustion  remains  in  the  atmosphere  while  the 
o^ler  half  is  taken  up  by  plants  and  ocean  waters, 
or  is  otherwise  removed  from  the  atmosphere.  If 
these  trends  continue,  the  atmospheric  content  of 
the  atmosphere  could  reach  twice  that  of  prein- 
dustrial  times  by  2025-2050^'"  Tne  rates  of  in- 
crease are  dependent  on  energy  strategies  yet  to 
be  chosen,  but  an  illustrative  range  of  cases  is 
shown  in  Figure  13-4.  The  rapid  increases  shown 
in  the  figure  are  due  in  part  to  an  assumed  con- 
tinuation in  the  growth  ^t  fossil  fuel  combuf^ion 
and  in  part  to  a  shift  toward  coal  and  synthetic 
fuels  produced  from  coal,  bo^*-  which  produce 
somewhat  more  CO,  per  xu  heat  produced 
than  do  oil  and  gas. 

The  increased  CO,  concemutions  inplied  by 
a  continuation  of  present  trends  have  momentous 
implications.  The  Geophysics  Study  Committee 
of  the  National  Academy  of  Sciences  ha$  studied 

he  prospects  with  one  of  the  most  complete  cli- 
mate models  yet  developed  for  examining  such 
problems.  The  Committee  has  observed. 

For  even  a  doubling  of  carbon  dioxide  in  the  at- 
mosphere, the  mocel  predicts  about  a  2*^-3*'  C 
rise  in  the  average  tempeiature  oi  the  lower  at- 
'^::>sphere  at  middle  latitudes  and  a  7  percent  m- 
crease  in  [global]  average  precipitation.  The 
temperature  nse  is  greater  I'  a  factor  of  3  or  4 
in  polar  resions.  For  each  further  doubling  of  car-^ 
bon  dioxiae,  an  additional  l"" -i""  C  increase  in 
air  temperature  is  inferred.  The  increase  in  carbon 
dioxide  anticipated  for  ad.  2)50  to  ad.  2200  might 
lead  to  an  increase  in  global  mean  air  tempera-  *re 
of  more  ihan  <f  C*-<omparable  with  the  difter- 
CQce  in  temperature  between  the  present  and  the 
warm  Me  >zoic  climate  o^  70  million  to  .  mil- 
lion years  ago.  (Emphasis  in  the  original. ]*^^ 
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Figm  13-4  Carbon  dioxide  concentrations  implied  by  various  energy  sceneries.  Synthetic  fuels  derived  from 
coal  are  assumed  to  release  3  4  x  I0'»  grams  of  carbon  in  CO,  per  100  quads  of  energy  Airborne  fraction  is  the 
percent  of  emitted  COj  that  remains  in  the  atmosphere  (US  Department  of  Energy} 


ENVIRONMENT  PROJECTIONS 


263 


TABLE  13-13 

Global  Simuipary  of  Soiifccs  and  Annual  Emissions 
of  Atmospheric  Partitulate  Matter 

A-  :hropo- 
'Natural  genic 
Sources  Sources 

Millions  cf  mftnc  ions  per 


year 

Primary  particle  production 

Fly  ash  from  coal 

36 

Iron  and  steel  industry  cmis* 

Mons            ' " 

9 

Nonfntsil  fuels  (wood  mill 

wastes)  ' 

8 

Petroleum  combustion 

10-90 

IiKineraticn 

4 

Agricultural  emission 

- 

10 

Cement  manufacture 

- 

7 

Miscellaneous 

- 

16 

Sea  salt 

1,000 

Soil  dust 

428^1,100 

Volcanic  particles 

4 

Forest  fires 

3-150 

Subtotal 

L500-2.300" 

iOO-180 

Gas-to-particle  conversion 

Sulfate  from  H|S 

130-200 

Sulfate  from  SO, 

130-200 

Nitrate  from  NO, 

60-430 

30-35 

Ammonium  from  NH, 

8a'270 

Organic  aerosol  from  ter- 

penes,  hydrocarbons,  etc 

75-200 

15-90 

Subtotal 

35()"1.1(X)' 

175-325 

Total 

2,000-3.400- 

275-500' 

Sourct  Aiapted  friMn  George  D  Robimon    lifftucnls  of  E  tKTt\  PriKluclion 
PiftiaiUtcs."  in  Geophysics  Study  Commiucc  tnrrf(\  and  C  hmatr  Wjshinglnn 
National  Aca<femy  of  Sctcncc^.  X^T!  p  ()2 
*  SiilMolals  and  tolab  do  not  sum  cxiicllv  due  Iti  nnjivJin^ 


Particulates 

Ar  any  given  time  the  earth's  atmosphere,  at 
various  levels  above  the  ground,  carries  billions 
of  ton^  of  many  different  kinds  of  particles  in  var- 
ious concentrations.  These  particulate  accumu- 
lations are  of  both  natural  and  anthropogenic 
origin. 

Table  13-13  lists  the  kinds,  amounts,  and 
sources  of  particulate  matter  in  the  atmosphere. 
The  figures  in  this  tabic  are  estimates  only;  for 
the  most  part  they  were  extrapolated  from  data 
that  arc  limited  both  in  accuracy  and  length  of 
record,  and  assumptions  used  in  the  extrapola- 
tions were  sometimes  arbitrary  in  nature. 

The  effects  of  atmospheric  particulates  on  cli- 
mate arc  varied.  Their  size,  shape,  color,  electro- 
magnetic properties,  and  distribution  in  the 
atmosphere  determine  how  they  affect  the  bal- 
ance of  solar  and  terrestrial  radiation,  the  for- 


mation of  clouds  and  rainfall,  the  surface 
temperature  of  the  earth,  and  the  quality  of  air 
for  both  plant  and  animal  life.  *^ 

Naturally  produced  particulates  tend  to  have 
more  widespread  and  more  chroiiic  effects  than 
those  produced  by  human  activity.  For  example, 
volcanic  activity  injects  particulates  high  into  the 
atmospheie,  where  they  tend  to  reflect  much 
more  of  the  incoming  solar  radiation  than  do  par- 
ticles generated  by  human  activity,  which  tend  to 
remain  at  lower  altitudes.  Volcanic  particles  are 
known  to  have  been  carried  completely  around 
the  world  and  to  have  remained  in  the  atmosphere 
from  one  to  three  years.*  Clouds  of  dust  particles 
from  desert  areas  are  sometimes  carried  thou- 
sands of  miles  by  the  prevailing  winds.'*'  These 
heavy  clouds  of  dust  may  suppress  cloud  forma- 
tion and  the  occurrence  of  precipitation,  and 
could  be  implicated  as  a  cause  of  drought.'^ 

A  general  atmospheric  effect  of  particulates  in- 
volves the  scattering  and  reflection  of  solar  radia- 
tion back  into  space,  thus  reducing  the  amount 
of  solar  energy  reaching  the  earth's  surface. t  With 
this  effect  in  mind,  it  has  occasionally  been  spec- 
ulated that  the  cooling  effect  of  anthropogenic 
particulates  might  just  balance  the  warming  effect 
of  CO,  accumulations.  All  the  Global  2000  Study's 
projections  of  fossil  fuel  combustion,  deforesta- 
tion, agricultural  production,  and  GNP  generally 
imply  increases  in  particulate  emissions.  The 
ESNS  (Energy  System  Network  Simulator)  find- 
ings reported  in  Chapter  10  indicate  that  over  the 
next  two  decades  there  will  be  significantly  more 
emissions  from  energy  conversion,  if  desertifi- 
cation, conversion  of  forests  to  agriculture,  and 
general  removal  of  vegetative  cover  continue,  the 
amount  of  particulates  contributed  by  windblown 
dust  will  increase — perhaps  significantly. 

Can  the  effects  of  increased  particulates  and 
CO,  emissions  be  expected  to  be  mutually  bal- 
ancing? The  definitive  study  of  this  question  has 
yet  to  be  done,  but  on  the  basis  of  present  infor- 
mation, the  answer  seems  virtually  certain  to  be 
no.  Anthropogenic  particulates  do  not  have  enough 
effect.  The  National  Academy  of  Sciences  re- 
ports: 


•  The  National  Defense  University  globaS  climate  scenario  for 
Large  Cooling  is  based  m  part  on  the  cooling  effect  of  partic- 
ulates released  by  several  major  volcanic  eruptions  assumed 
to  occur  between  19^  and  2000  (see  Chapter  4). 
t  The  scattering  and  ieflective  properties  of  particulates  vary 
considerably  with  the  size  and  other  properties  of  the  particles. 
While  the  most  common  effect  is  as  described  rbovc,  some 
particles  absorb  enough  solar  radiation  to  produce  a  warming 
effect. 
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Wc  can  greatly  increase  emission  of  the  kind  of 
particle  now  produced  by  combustion  in  industrial 
communines  without  greatly  changing  the  inte- 
grated radiative  properties  of  our  planet's  disk  as 
seen  from  space,  unless,  as  may  be  the  case,  the 
increased  particle  loading  changes  the  albedo  of 
cloud.  .  .  .  [However.]  there  is  little  doubt  that 
an  increase  in  particles  and  sulfurous  emissions 
to  a  magnitude  that  rvnght  have  global  climatic 
consequences  would  be  intolerable  from  the  point 
of  view  of  community  health.'^ 

The  Academy's  passing  reference  to  cloud  al- 
bedo is  significant.  Particulates  and  aerosols  are 
known  to  provide  condensation  nuclei  important 
in  the  formation  of  clouds,  but  it  is  not  kiiown 
how  the  types  of  particles  and  aerosols  that  are 
likely  to  be  added  to  the  atmosphere  in  the  years 
ahead  would  affect  cloud  formation.  The  effect 
is  likely  to  be  quite  nonlinear,  at  least  in  some 
respecter— i.e.,  relatively  modest  changes  in  par- 
ticulate loadings  may  lead  to  significant  changes 
in  cloud  cover.  The  linkage  between  condensation 
nuclei  and  cloud  formation  has  been  ten  '  one 
of  the  most  frequently  overlooked,  yet  potentially 
most  serious  consequences  of  industrial  pollu- 
tion. '*  More  research  in  this  area  will  definitely 
be  needed. 

Oioiie 

The  atmosphere  consists  of  two  major  layers; 
the  troposphere  extending  >pward  to  8  to  16  kil- 
ometers and.  above  tha*.,  the  stratosphere  ex- 
tending up  to  about  50  kilometers.  Temf^rature 
decreases  with  increasing  altitude  throughout  the 
troposphere,  but  a  permanent  temt>erature  inver- 
sion exists  at  the  tropopause.  with  temperatures 
increasing  with  altitude  in  the  stratosphere.  Tem- 
peratures rise  by  rougrJy  65*  C  over  a  heigh:  in- 
terval of  35  kilometers.  The  temperature  rise  is 
caused  by  the  stratospheric  layer  of  orone  (O^). 

The  ozone  layer  has  two  important  and  inter- 
related effects.  First,  it  absorbs  ultr  iviclet  (UV) 
jight  in  the  UV-B  banu  (optical  vavelengths  rang- 
ing from  290-320  nanonieters)  ^^nd  so  orotects  all 
life  on  the  eaith  from  the  harmful  effects  of  this 
radiation.  Second,  by  absorbing  tho  V\  radiation, 
the  ozone  layer  heats  the  stratosphere,  causing 
the  temperature  inversion.'^  The. effects  of  tem- 
perature inversions  in  limiting  vertical  *  ir-ng  in 
the  atmosphere  are  well  known  ^  a  resu-i  of  the 
pollution  problems  of  inversion-prone  areas  such 
as  Los  Angeles.  This  same  effect  is  at  work  in  the 
stratosphere.*  Various  waste  products  produced 

•  Wlii:e  the  wastes  mix  only  very  slowly  venioitly,  they  spread 
hoizontally  relatively  rapidly,  reaching  ail  longitudes  of  the 
world  in  about  a  week  and  all  latitudes  within  months.  There 


in.  or  migrating  slowly  into,  the  stratosphere  may 
remain  there  for  years  until  they  are  converted  to 
other  substances  in  the  stratosphere  or  are  trans- 
ported downward  into  the  troposphere,  where 
they  can  be  removed  by  various  processes,  in- 
cluding rain.  The  difficulty  is  that  the  effluents  of 
several  human  activities  are  being  trapped  by  the 
temperature  inversion  in  the  stratosphere,  where 
they  react  in  ways  that  deplete  the  ozone.  ^  The 
human  activities  now  thought  to  have  varying  de- 
grees of  adverse  impact  on  ihe  ozone  layer  include 
the  release  of  clilorofluorocarbons  from  pressur- 
ized cans  and  other  sources.'**  jet  aircraft  flightt 
in  the  stratosphere.  and  the  use  of  nitrogen  fer- 
tilizers ill  agriculture.  The  Global  2000  Study's 
projections  all  suggest  that,  unless  regulatory  pol- 
icies change,  these  activities  and  emissions  will 
continue  to  increase. 

The  effect  of  effluents  (hydrocarbons  and  ox- 
ides of  nitrogen)  irom  jet  flights  in  the  strato- 
sphere has  bcfti  studied  in  reports  by  the  U.S. 
Department  of  Transportation  and  the  National 
Academy  of  Sciences.  Tlie  effect  depends  greatly 
on  the  number  of  flights  and  the  performance  of 
the  jet  engines.  Concern  has  centered  primarily 
on  supersonic  transport  (SST).  since  these  aircraft 
fly  higher  in  the  stratosphere  than  subsonic  jets. 
The  Department  of  Transportation  report  esti- 
nates  the  size  and  properties  of  future  SST  fleets 
tnai  would  be  required  to  pay  off  development 
costs/ind  return  a  fair  profit.  On  the  basis  of  these 
estimated  fleet  sizes,  updated  for  improvements 
in  technology,  the  National  Academy  of  Sciences 
estimates  that  the  impact  of  such  a  fleet  might 
ultimately  be  a  reduction  of  ozone  by  about  6.5 
percent,  with  an  uncertainty  range  of  1-10  per- 
cent, whereas  current  stratospheric  flights  reduce 
ozone  by  less  than  0.1  percent. 

The  effect  of  chlorofluorocarbon  release  has 
been  studied  by  the  National  Academy  of  Sciences 
and  others. Using  recently  updated  informa- 

is  therefore  little  that  any  one  n;;tion  or  region  can  do  to 
protect  the  ozone  layer  above  it.  tike  carbon  dioxide,  the 
ozone  problem  is  global  in  scope. 

t  Based  on  a  1975  report  by  the  National  Academy  of  Sciences. 
A  very  recent  opinion  by  the  Academy's  Committee  on  Im- 
pacts  of  Stratospheric  Change— as  yet  unpublished— suggests 
that  jet  aircraft  may  not  be  as  much  of  a  problem  as  siiggested 
in  previously  published  reports  and  may  actually  increase 
ozone  (p  onal  communication.  Apr.  3. 1979.  from  J.  Murray 
Mitchell,  Jr..  senior  research  dimatologist.  National  Oceanic 
and  Atmospheric  Administration).  Opinions,  however,  are 
still  in  a  state  of  Hux  (see,  for  example,  Anthony  j.  Broderick, 
"Stratospheric  EffecU  from  Aviation,**  Proceedings,  13th  Pro- 
pulsion Congress,  Orlando,  Fla.,  July  1977,  and  his  "Strato- 
spheric Effects  from  Aviation," yourrM/o//|i>rni/ir,  Oct.  1978, 
pp.  The  discuuion  presented  here  is  based  on  Na> 

tional  Academy  of  Sciences  published  reporu. 
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tion,  ^  the  Academy  reports  that  continued  use 
of  chlorofluorocarbons  at  the  1974  rate  would  re- 
duce the  global  ozone  by  14  percer*  -^ver  the  next 
SO  years,  with  a  4-40  percent  range  of  urr^r^ainty . 
-  -  If  the  rate  of  production  were  to  increase  in  pro- 
portion to  the  Global  2000  Study's  GNP  projec- 
tions, the  impact  would  be  much  larger. 

The  Academy  has  also  studied  the  impact  of 
anthropogenic  nitrogen  fixation  on  stratospheric 
ozone.  ^  The  linkage  between  fertilizer  and  ozone 
comes  through  the  release  of  nitrous  oxide  (NjO) 
during  the  denitrification  of  fixed  nitrogen.  The 
processes  invdlved  are  much  more  complex  than 
for  either  SST  emissions  or  chlorofluorocarbon 
emissions,  and  yet  they  have  been  studied  far 
less.  ^  Assuming  a  2-3  times  increase  in  m^inu- 
factured  and  legume-produced  nitrogen  fertil- 
izer,* the  Acadeniy  estimates  that  the  global 
ozone  would  be  reduced  by  3.5  percent,  with  a 
range  of  uncertainty  of  0.4-13  percent. 

It  now  appears,  therefore,  that  definite  and  ad- 
verse effects  on  the  ozone  layer  do  exist  in  varying 
magnitudes  a»  a  result  of  (1)  aircraft  e:;naust  in 
the  stratosphere,  (2)  dtHo^flmrocaiboa  and  other 
halocarbon  emissions,  a0d  (3)  nitrogen  fertilizer 
use.  The  Global  2000  Sfudy's  projections  suggest 
that  all  three  activities  can  be  expc^cted  to  increase 
by  the  year  2000.  At  present,  there  is  tremendous 
.  uncertainty  associated  with  the  relative  magnitude 
of  the  impacts  of  these  three  human  activities,  but 
all  three  now  appear  to  be  within  an  order  of 
magnitude  of  each  other,  with  chlorofluorocar- 
bons apparently  having  the  greatest  impact.  While 
scientific  assessment  is  still  in  flux  and  might  shift 
significantly,  the  most  recent  work  on  the  subject 
continues  to  support  these  general  conclusions. 

^ow  serious  are  depletions  of  global  ozone? 
The  consequences  are  related  both  to  climate 
modification  and  to  the  amount  of  ultraviolet  ra- 
diation reaching  living  organisms  on  the  earth. 
The  temperature  inversion  in  the  stratosphere  is 
caused  by  the  solar  energy  absorbed  by  ozone.  A 
change  in  the  ozone  would  lead  to  a  significant 
change  in  the  temperature  distribution  of  the 
stratosphere,  and  probably  to  a  small  (but  as  yet 
uncertain)  change  in  the  pattern  of  temperature 
and  rainfall  over  the  earth's  surface  as  well.  These 
climatic  changes  are  currently  thought  likely  to  be 
small  compared  lo  the  potential  changes  that 
could  occur  as  a  result  of  carbon  dioxide  accu- 


*  The  Global  2000  Study's  agricultural  projections  are  based 
on  a  doubling  of  fertilizer  application  worldwide  and  a  quad- 
rupling in  the  LDCs.  Over  and  above  these  increases,  large 
amounts  of  fertilizer  may  be  applied  in  the  intensive  silvicul- 
tural  methods  projected  to  occur  m  forestry 


mulations  in  the  atmosphere.  The  effeciS  of  in- 
creased amounts  of  ultraviolet  (UV)  radiation 
may  be  more  serious. 

Ozone-induced  changes  in  UV  radiation  would 
change  one  of  the  conditions  that  has  almost  cer- 
tainly influenced  the  evolution  of  life  on  earth  so 
far,  and  a  significant  UV  increase  can  be  expected 
to  precipitate  a  disturbance  in  the  existing  balance 
of  life  virtually  everywhere  on  the  planet.  The 
^  National  Academy  of  Sciences  reports: 

All  unshielded  cells  are  highly  vulnerable  to  sun- 
light and  may  be  killed  by  relatively  short  expo- 
sure to  fiill  sunlight.  While  such  cells  and  organi«ns 
are  generally  protected  to  varying  degrees  in  na- 
ture so  that  tney  experience  sublethal  doses  of 
radiation,  any  increase  in  UV  radiation  could  be 
considered  to  increase  the  pressure  against  sur- 
vival. Because  of  the  relationships  between  spe- 
cies in  ecosystems,  damage  to  one  species  might 
jeopardize  an  entire  ecosystem.  Hence,  the  po- 
tential effects  of  any  elevation  of  the  present  UV- 
B  levels  of  sunlight  reaching  the  earth*s  surface 
should  be  taken  most  seriously.  ^ 

Cancer  is  the  best-established  direct  threat  to 
the  human  species.  There  is  compelling  evidence 
that  UV  radiation  is  a  cause  of  skin  cancer.  A 
10  percent  decrease  in  stratospheric  ozone  ap- 
pears likely  to  lead  to  a  20-30  percent  increase 
in  this  type  of  cancer,  but  the  increase  may  vary 
significantly  from  area  to  area  (e.g.,  in  the  An- 
dean or  Tibetan  highlands  it  could  be  higher  than 
the  world  average). 

The  indirect  Uireat  of  UV  radiation  to  human 
welfare  may  be  even  larger  than  its  direct  effect. 
It  is  known  that,  for  small  changes,  UV  radiation 
reaching  the  ground  increases  about  2  percent  for 
each  1  percent  decrease  in  stratospheric  ozone. 
It  is  also  known  that  increased  exposure  to  UV 
radiation  adversely  affects  plai\ts.  Plants  that  have 
been  exposed  to  supplemental  UV  in- growth 
chambers  or  greenhouses  have  shown  a  20-50 
percent  inhibition  of  growth,  a  10-30  percent  de- 
cline in  chlorophyll  content  (and  a  similar  decline 
in  capacity  for  photosynthesis),  and  up  to  a  20- 
^  fold  increase  in  the  frequency  of  harmful  muta* 
tions.  Seedlings  are  even  more  sensitive  to  UV 
radiation  than  mature  plants,  and  single<elled 
algae  are  extremely  sensitive.  Algae  can  with- 
stand only  a  few  hours*  exposure  to  even  natural 
sunlight,  and  enhanced  UV  is  expected  to  cut  the 
survivable  exposure  time  by  as  much  as  a  factor 
of  2.  Enhanced  UV  radiation  also  appears  to 
be  extremely  lethal  to  fish  and  crustacean  larvae, 
and  has  been  shown  to  produce  bums  and  induce 
tumors  on  those  organisms  surviving  exposure. 
At  the  present  time,  the  accumulating  research 


ERLC 


323 


266 


ThEPROJECnONS 


data  seem  to  indicate  that  ecosystems  may  be  sig- 
nificantly  disrupted  by  increased  levels  of  ultra- 
violet radiation. 

There  are  a  number  of  steps  that  can  be  taken 
to  Umit  the  reduction  of  the  earth's  ozone  layer. 
The  emissions  of  chlorofluorocarbons  can  be  lim- 
ited by  legislation.  The  U.S.  has  enacted  such 
legislation and  hopes  to  persuade  all  industrial- 
ized nations  to  establish  similar  limitations 
Supersonic  flying  can  also  be  regulated  if  further 
research  indicates  the  need.*  But  the  world  can- 
notTasily  dispense  with  nitrogen  fertilizers  even 
if  future  research  should  indicate  that  they  con- 
tribute more  to  ozone  depletion  than  recent  find- 
ings suggest.  The  National  Academy  of  Sciences 
has  published  an  economic  analysist  of  the  costs 
and  benefits  of  chemical  fertilizers  and  reports 
that  the  present  discounted  value  of  damages  is 
small  because  of  the  distant  nature  of  the  pro- 
jected impacts. On  the  basis  of  this  analysis, 
the  Academy  states  that  "in  our  opinion,  the  cur- 
rent value  to  society  of  those  activities  that  con- 
tribute to  global  nitrogen  fixation  far  exceed  the 
potential  cost  of  any  moderate  (e.g. ,  up  to  a  dec- 
ade) postponement  of  action  to  reduce  the  threat 
of  future  ozone  depletion  by  N,0  [from  nitrogen 
fertilizer  use). '"^  ^   i   i  » 

Albedo  aad  Heat 

The  Global  2000  Study's  forestry,  energy,  min- 
erals, agriculture,  and  GNP  projections  all  point 
to  significant  changes  in  land  use)  and  significant 
releases  of  waste  heat.  These  changes  will  cer- 
tainly influence  local  climates,  and  may  even  af- 
fect regional  or  global  climate. 

Perhaps  the  most  significant  land-use  change 
anticipated  is  the  lfr-20  percent  reduction  in  the 
world's, forests  over  the  next  two  decades,  as  pro- 


*  Dunng  the  1976  U.N.  Environment  Programme'i Governing 
UHindl  Meeting,  the  U.S.  ifXHUored  a  resolution  calling  for 
ao  mtematioiMl  meeting  on  the  regulation  of  supersonic  Hying. 
The  meetiDg,  held  in  Washington  in  March  1977.  prepared  a 
world  plan  of  action  on  the  ozone  layer,  which  is  reported  in 
Oxone-Uytr  Buiietm  (U.N.  Environment  Programme,  Nai- 
robi), no.  1.  J«n.  1978.  * 
t  The  Academy*!  report  notes  that  this  economic  analysis  has 
liinitatiom  and  is  not  a  hroad-sci^  asseument  of  the  full  costs 
and  beneliu  of  current  or  projected  patterns  of  global  food 
production  and  energy  use.  The  analysis  addresses  a  3.5  per- 
cent decrease  in  stratospheric  ozone,  using  discount  rates  rang- 
ing from  3  to  8  percent.  Changes  in  temperature  and  in 
ultraviolet  Radiation  are  considered'.  Increased  UV  radiation 
IS  aSMimed  to  have  negligible  effects  on  planu. 
i  Surface  changes  are  thought  to  affect  ctimate  through  (1) 
changes  in  albedo.  (2)  changes  in  surface  "roughneu"  (by 
ailKtittg  drag  on  winds),  (3)  changes  in  water  storage  capacity 
(affecting  wetness),  and  (4)  changes  in  heat  storage  capacity. 
Only  albedo  effecu  are  discussed  here 


jecfed  in  Chapter  8.  This  reduction  of  420  million 
hectares  involves  roughly  3  percent  of  the  earth's 
continental  lai>d  surface  and  about  1  percent  of 
the  earth's  total  area. 

The  moit  direct  linkage  between  change  of  land 
use  and  climate  is  through  change  of  surface  al- 
bedo/  Evergreen  forests  have  an  albedo  of  7-15 
percept.  Dry,  plowed  fields  have  an  albedo  of  10- 
15  percent;  deserts,  25-30  percent;  fresh  snow, 
85-90  percent;  and  asphalt,  8  percent. 

The  global  changes  in  land  use  over  the  next 
two  decades  are  by  themselves  probably  not  so 
extensive  as  to  cause  a  significant  change  in  global 
„  climate,  but  they  are  certainly  sufficient  to  cause 
l^^l  changes  in  many  areas.  In  some  cases  ben- 
efiaal  changes  will  occur  as,  for  example,  when 
restored  park  and  forest  lands  improve  local  cli- 
mate, but  adverse  change— including  desert  con- 
ditiona-Hcan  also  be  anticipated. 

Urbanization  is  another  land-use  trend  known 
to  affect  local  weather  and  climate.  Typical 
changes  ri^ulting  from  urbanization  are  shown  in 
Table  13-14.  • 

The  energy  projections  in  Chapter  10  anticipate 
an  almost  50  percent  increase  in  energy  demand 
by  1990.  All  human  energy  use  ultimately  ends 
up  as  residual  heat  and  much  of  it— especially  in 
thermal  generation  of  electricity— is  converted  to 
heat  immediately  on  use.t  Already,  residual  heat 
releases  are  comparable  or  larger  than  the  solar 
input  in  some  reasonably  large  local  areas.  The 
anthrop«>genic  energy  releases  over  the  60  square 
kilometers  of  Manhattan  are  almost  4  times  the 
solar  energy  falling  on  the  area;  even  over  sprawl- 
ing Los  Angeles  (3,500  ^uare  kilometers)  the 
anthropogenic  heat  released  now  totals  13  percent 
of  the  splar  flux.***. 

Although  it  has  long  been  known  that  releases 
of  residual  heat  influence  local  climates,  it  has 
^^enerally  been  thought  that  thermal  pollution 
would  probably  not  effect  global  climate  because 
anthropogenic  heat  is  now,  and  is  expected  to 
remain,  a  small  percentage  wf  the  solar  influence 
on  glob«d  weather.  As  shown  in  Table  13-15, 
fossil  fuel  combustion  increased  by  a  factor  of  8 


•  Albedo  (as  defined  in  thr  Natio;ial  Science  Board/National 
Science  Foundation  Patterns  end  ttrspectives  m  Environment 
tai  Science,  1972.  p.  66)  is  the  percentage  of  th^  amount  of  the 
incident  solar  radiation  reflected  by  a  land  orVwater  surface. 
For  example,  if  the  sun  radiates  100  uniu  of  encr^  per  minute 
to  the  (Alter  limi(i.of  the  atmosphere,  and  the  earffil  surface 
receives  80  uniu  per  minute  ( the  atmosphere  absorbs  20  uniU) 
and  then  reflecu  40  uniu  upward,  the  albedo  is  50  percent 
t  Roughly  two-thirds  of  the  primary  energy  needed  in  the 
thermal  generation  of  electricity  (primarily  by  coal  and  nuclear 
plants)  is  lost  immediately  as  wute  heat. 


ERLC 


330 


ENVIKONME^  PROJECTIONS 


267 


TypM 


Ttaprntttft 
AmmmI 
WkMtfi 

lUMNt  HwRidity 


Wimer 

SUMMT 

Dust  Particles 


Ooiidoover 
Fog,  iWBintr 


WtedSpMd 


Extrme  gttus 
Calmi 

PTKipiUtkMI- 

Diyi  witti  0.2  tach 


TAILE  13-14 

ChMfit  Ctmtd  by  Urbarintiwi 

of  Compariiofi  with 

Rural  Eiivirom 


O.M.(fClu|lier 
l.&-3.(rClu|hcr 

6%  lower 
2%  lower 
8%  lower 

10  timet  more 


5-10%  more 
100%  more  frequent 
30%  more  frequent 

I3k20%le» 
30%lefs 
5%  lets 

20-30%  lower 
10-20%  lower 
5-20%  more 

5-10%  more 
10%  more 


Total  on  toriaontal  surface 
Uttriviolct,  wimer 


Mm.  MTT  fnm,  If7l.  p  IM 


between  1910  and  1970,  but  aolar  ener|y  b  itill 
fur  ind  away  the  moit  important  energy  aoutce 
in  hitman  afhift.  However,  it  hat  been  noted  that 
aitboufh  anthropogenic  heat  inmiti  will  be  local* 
ixedt  ttey  may  be  strong  enough  to  alter  local  or 
regional  componentt  cf  the  world  dimate  sys* 
tern.  ^  In  turn,  changes  trigger^  in  individual 
components  of  the  system  may  have  effects 
tbrou^Kmt  the  world.  Examples  of  local  effects 
aregiven  in  Table  13-16.  ^  % 

The  energy  research  group  at  the  International 
Institute  of  Applied  Systems  Analysis  (IIASA)* 
near  Viemia  has  stu<tied  this  problem  with  the 
general  cnculation  model  of  the  United  Kingdom 
Meteorological  Office.  ^  The  IIASA  group  found 
tihat  large  beat  releases  (such  as  one  might  expect 
torn  **power  paits*')  could  trigger  changes  in  re- 


*  Aa  mmt^kMmi  effort  toaccompHsh  East- West  coopemtion 
'I  )oial  work  with  tiK  MS  of  tyitems  andytis 


I  ii  wdl  mppontd  bf  bocb  the  U.S  aad  Uie  U.S.S.R.; 
...      Chschoilovakia.  Firaace,  and  Oennaii  Democratic 
lUpMle.  IM,  the  PMeny  lUpuMIc  of  Oennaiiy .  ^ 
Mr.  MbM.     United  Klnedom.  Austria.  Hungary,  Swe- 
4ia.  Maai.aad  the  Netharlandi  also  participate. 


TABLE  13-15 

Selected  Annual  Energy  Supply  Rates  for  the 
Earth* 

(Billions  of  watts) 


V4  Solar  constant  (extra-atmospheric 

irradianoe) 
Insolation  ahsorbed  at  grcund  level 
Dissipated  by  friction  in  atmospheric 

circulations 
Photoaynthetit  (production  by  iiving 

vegeution) 
Geotliennal  heat  (by  conduction  in  cnist) 
1970  Rate  of  fossil  hiel  burning 
Infrared  radiation  from  full  moon 
Dissipated  by  friction  in  ocean  currents  and 

tides 

Sobr  radiation  received  via  reflection  from  full 


Dissipated  by  friction  in  solar  tides  of  the 

atmosphere 
1910  Rate  of  fossil  fuel  burning 
Huauui  body  heat 

Released  by  volcanoes  and  hot  springs 

(geoconvection) 
19ti0  Rate  of  hydroelectric  power  productton 

Dissipated  u  heat  in  lightening  discharges 
Radiation  from  bright  aurora 
Received  from  space  by  cosmic  radiation 
Dissipated  mechanical  energy  of  meteorites 
Total  radiation  from  all  stan 
Dissipated  by  friction  in  lunar  tides  of  the 
atmosphere  ' 

Solar  radiation  received  as  zodiacal  light  2 

Samrr  Afttr  ONke  of  IU«t»rdi  Md  DcvetopmcM  U  S  Emironmentat  Prmcc- 
tkm  Afiocy.  Ckaugn  in  GhM  Efterjix  Bttimtct,  Wathtnfion  Oct  1974 

t  mrifCi  rcpicHiM  Mmuil  ftfawam  ( HfW)  of  pover  itxaicd 

I'M 


I78.0UU.UU) 

90.UUU.UU0 
I.SOU.UUU 

40.UUU 

32.UUU 
8.UUU 
5.UUU 
3.000 

2.UUU 

1.0U0 

I.UUO 

300 

240 

too 

25 
15 
10 
8 
5 


gional  elements  of  the  global  system,  and  that 
th^e  in  turn  produced  global  effects  in  the  model 
runs.  The  kinds  of  global  changes  produced  de- 
pended on  where  the  heat  source  was  located. 
The  UASA  group  concluded  that  the  results  of 
diese  model  experiments  indicate  a  possible  global 
atmospheric  response  to  large  heat  discharges, 
which  must  be  borne  in  mind  for  planning  pur- 
poses and  also  investigated  further.  ^ 

Concliurions 

Both  the  National  Defense  University  survey 
of  expert  opinion  and  the  analysis  of  the  possible 
climatic  imfrfkations  of  the  Global  2000  Study's 
other  proji^ons  lead  to  the  same  general  con- 
clusions: (1)  Qimate  will  continue  to  vary,  in  the 
future,  just  as  it  always  has  in  the  past,  in  a  largely 
unpredictable  manner.  (2)  Apart  from  this  char- 
acteristic variability,  no  substantial  net  trend  of 
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'Urie  brush  firt* 


TABLE 

Effccts  or  Lane  Heat  AddMoM  to  the  AtnMMphere 


Snr"c<iS!SSS'rr ?r  r^^^^       ""-^  ^"<'  -  » Of  6  k„  fon«d  over  0. , 

Fomt  lilt  wliirlwiMf 

World  Wir  II  (ire  iiorm'  J2 


>  njj^  from  fire,  wind 
FVc  II  HirotlMmt' 

2Sl^'i*fc'fh?bl2i"S!.'^^^^^  suddenly^robably  because  of  ,he  .remendous 

■Ml  fk»  iMo  aiZ.  H^l^uTnTXtH^^S^^  Huge  ,ree5  crashed  down:  small  ones  were  uprooted 
•Mre  it  MKted  up  a  wJSTspoiuli  eTni^sJ nU.i^  •w«»n|  funnel."      vortex  moved  ou.  on.o  .te  river, 

100.000  ,0^^ 
l«e.  cwMd  biMng  bi^jMrcio^         ^  """"      P""^  >  Wawrspouis  resul.ing  from  indraf^t  cIo»k1 

^"^'Zl!^  200,000  ,  200  000 

SS^rtSL'tS^  «ce?.KH..  More  of.cn  ,han  no.  '.here  isa. 

iMNM «ortke«  ttm  extend  loihe ^In  wiSJT        *'  '  "P  ^'o«'- 

!!^**''^  0.0032  219  000 

Ci»».V-««.-  ••• .  .  artificid  .hu«lerttonns,  even  ,on,«loe..  many  cumulus  cloud,  . .  .  «.bs,an,ial  downpour."  Dus,  devils. 

350  0.016  22  400 

C«W*J2««.J5^^^  after  starting  ,he  burner*,  observen  uw  a  whiri  40  m  in  diameter      whiriwind  so  strong  biimcr  flames 

Stagkhrr  cooling  tower  2.250  o.0046  484  000 

CMMfMMMi;  Phime  of  varying  iengths  and  conftguratiom, 

^JSL^^^^'"^"^  96.000  ,94 

I4$m  Mw(e)  NEC;  area  48,000  acVes] 

ComffMrncm;  Unknown. 

f^^^^^^^  

;ft»«A.O.  fcnw."llilli  oTm  llM.  -  UKomr.  vpl  aVw.  4.  I«M  p  16 

^  

dUiMte  in  the  direction  of  either  wanning  or  cool-  ingly)  dependent  on  favorable  climate  Less  fa- 
ing»«ntiap.ted  between  now  and 2000.  vorable  climates  are  know!  to  Sre  axiS in 

S^W  ffve  SH,"r«H"l.  ^^\:''^  P*"«*  demonstrated  just  how  vulnerable 

worw  nave  become  (and  are  becommg  mcreas-     world  societies  have  become  to  weather  and  di- 
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mate  change.  The  Global  2000  Study's  projections 
(all  based  on  the  assumption  of  no  significant  cli^- 
matic  change)  point  to  a  world  in  2000  that  is  even 
more  vulnerable  to  weather  and  climate  change 
than  the  world  of  today.  Furthermore,  scientists 
now  know  that  several  human  activities  have 
reached  a  scale  that,  over  periods  of  several  to 
many  decades,  has  the  potential  to  alter  the 
world's  climate  significantly.  These  anthropo- 
,genic  influences  on  global  climate  include  carbon 
dioxide  emissions  and  release  of  chemicals  af- 
fecting the  ozone  layer  as  well  as  potential  land- 
use  changes,  aerosol  and  particulate  generation, 
and  heat  re'eases. 

The  import  of  anthropogenic  influences  on  cli- 
mate lies  not  in  any  imminent  threat  of  massive 
cUmatic  change,  but  rather  in  the  inadequacy  of 
present  knowledge  and  the  inability  of  institutions 
to  make  society  respond  effectively  if  evidence  of 
serious  consequences  develops.  Probably  the  most 
serious  anthropogenic  threats  to  the  stability  of 
climate  are  COj  emissions  and  releases  of  chem- 
icals that  deplete  stratospheric  ozone.  In  both 
cases  it  is  impossible  for  an  individual  nation  to 
protect  itself  against  the  consequences  of  other 
nation;:'  actions.  These  problems  are  truly  global 
in  scope,  and  there  is  no  human  institution  now 
established  that  can  adequately  address  them. 

In  commenting  on  its  carbon  dioxide  findings, 
the  Natiolial  Academy  of  Sciences  concluded: 
"If  the  preliminary  estimates  of  climate  change 
in  the  latter  part  of  the  twenty-second  century  are 
validated,  a  reassessment  of  global  energy  policy 
must  be  started  promptly  because,  long  before 
that  destined  date,  there  will  have  been  major 
climatic  impacts  all  over  the  world."'*'  Other 
studies  now  underscore  the  Academy's  concern, 
and  point  to  significant  changes  in  CCX  concen- 
trations by  2000  or  shortly  thereafter: 

The  key  word  in  the  Academy's  admonition  is 
''promptly."  Unfortunately,  given  the  limitations 
cited  above,  it  is  difficult  to  imapne  how  a  reas- 
sessment of  global  energy  policy  could  be  under- 
taken promptly.  Considering  the  uncertainties  in 
the  magnitude  of  CO,  sources  and  sink^  and  the 
limited  research  that  has  been  done  in  these  areas, 
it  could  easily  be  more  than  a  decade  before  a 
definitive  conclusion  is  reached  just  on  how  to 
project  COj  concentrations  accurately.  Even  given 
definitive  projections,  several  decades  of  inten- 
sive research  will  be  required  to  reach  agreement 
on  the  climatological  implications  of  increasing 
C0|  concentrations.  Lacking  a  world  institution 
with  an  energy  mission^  how  long  would  a  global 
reanessment  of  a  world  energy  policy  require? 
And  given  a  change  in  policy,  how  long  would  be 


needed  to  implement  any  basic  change  in  the 
world's  energy  coital,  infrastructure,  and  econ- 
omy? By  the  timelhe  world  is  prepared  to  address 
seriously  the  climatological  implications  of  world 
energy  policy,  commitments  (e.g.,  to  intensified 
use  of  coal  and  to  deforestation)  may  have  be- 
come so  well  established  that  a  basic  change  in 
the  global  energy  economy  might  be  as  econom- 
ically catastrophic  as  the  climatic  change  itself. 
Thus,  to  delay  a  careful  and  prompt  international 
assessment  of  the  carbon  dioxide  problem  could 
lead  to  capital  commitments  and  forest  policies 
that  make  irreversible  accumulations  of  CO,  in 
the  atmosphere  essentially  unavoidable.  Similar 
difficulties  could  develop  in  connection  with  the 
slratospheric  ozone  layer  as  the  world's  growing 
population  becomes  increasingly  dependent  on 
biologically  and  synthetically  produced  nitrogen 
fertilizers. 

In  the  decades  ahead,  the  finite  capacity  of  the 
atmosphere  to  absorb  various  anthropogenic 
chemical  emissions  without  catastrophic  climate 
change  must  be  recognized  as  an  extremely  im- 
portant resource,  a  resource  vital  to  and  held  in 
common  by  all  nations.  Protecting  this  resource 
will  raise  perplexing  and  troublesome  questions: 
Which  nations  should  be  allowed  to  burn  how 
much  coal  or  to  replace  how  much  forest  with 
food  crops?  How  are  global  CO,  discharges  to  be 
monitored  and  controlled? 

The  capacity  of  the  atmosphere  to  absorb  CO, 
may  be  a  resource  that  is  even^nore  limited  than 
either  forests  or  fossil  fuels,  and  questions  con- 
cerning the  allocation  of  "CO,  disposal  rights" 
could  concisivably  overshadow  all  other  energy 
issues.^**  Similarly,  if  protecting  the  ozone  layer 
requires  limitations  on  the  emissions  from  spray 
cans,  air  conditioners,  supersonic  aircraft,  and 
nitrogen  fertilizers,  the  right  to  deplete  the  at- 
mosphere's limited  ozone  resource  can  be  ex^ 
pected  to  go  first  to  agriculture. 

Even  within  individual  nations,  the  making  of 
major  decisions  in  these  regards  can  be  expected 
to  place  a  strain  on  existing  institutions  and  to 
require  long  periods  of  time  for  debate.  On  a 
global  scale,  there  is  no  adequate  institution  and 
no  precedent  for  such  decisions  or  the  cooperation 
thev  would  require. 

While  no  major  worldwide  climatic  changes  are 
expected  by  2000,  anthropogenic  forces  affecting 
the  world's  climates  will  be  accelerating,  and  un- 
less these  forces  and  their  effects  are  soon  studied, 
monitored,  and  analyzed  much  more  carefully, 
human  institutions  will  be  ill  prepared  to  make 
some  of  the  difficuh  choices  that  may  be  required 
in  the  1980s  or  at  the  latest  in  the  1990s. 
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The  Technology  Projections  and  the  Envuionment 


Each  of  the  agencies  making  projections  for  the  Global  2000  Study  made  its 
own  projections  (and/or  assumptions)  of  technological  developments  in  its 
particular  area  of  concern.  In  general,  the  technological  projections  and  as- 
sumptibRs  are  implicitly,  rather  than  expticiffy,  incorporated  in  each  agency's 
ovenill  contribution  to  the  Study.  As  a  resuh  it  is  not  always  possible  to  state 
precisely  what  technological  developments  are  projected  or  assumed.  None- 
thetess,  a  general  pattern  is  discernible.  On  the  whole,  the  technological 
projections  and  assumptions  imply  that  production*  and  yield-enhancing  tech- 
nologies will  continue  to  be  developed  and  disseminated  as  fast  as  they  have 
been  over  the  past  few  decades— or  faster.  Further,  the  agencies  generally 
assume  that  new  t^hnologies  will  be  deployed  as  fast  as  (or  faster  than)  they 
have  in  the  past,  and  that  the  technologies  will  not  produce  adverse  side 
effects  (of  an  economic,  environmental,  socir^Kor  resource  nature)  that  would 
limit  their  a|^Ucation. 

The  more  specific  technological  assumptions  associated  with  the  projections 
are  as  follows: 

Population  Projections.  Birth  control  (family  planning)  and  health  care, 
technologies  will  be  disseminated  and  used  to  a  greater  extent  than  m  the 
past  two  decades.  The  technological  developments  of  industrialization,  as 
they  impinge  on  natality  and  mortality,  will  continue  at  or  above  historically 
observed  rates. 

Qross  National  Product  Projections.  In  the  industrialized  world,  technology 
is  assumed  to  contribute  to  future  economic  growth  as  it  has  in  the  recent 
past.  The  productivity  of  new  investment  capital  will  increase,  in  part  a  result 
of  technolo{(ical  change,  art  about  the  historically  observed  rate  of  O.S-l.S 
percent  per  year. 

Fisheries  Projections.  The  projections  assume  that  technologies  for  har- 
vesting and  processing  nontraditional  living  marine  resources  will  be  adopted 
increasingly  through  the  year  2000.  ' 

Food  arid  Agriculture  Projections.  The  projections  assume  that  yields  per 
hectare  will  continue  to  increase  at  rates  comparable  to  those  of  the  past  two 
decades.^ 

Forestry  Projections.  Continued  progress  is  assumed  in  increasing  forest 
yields  per  hectare,  and  in  decreasing  losses  incurred  during  processing  or 
from  previously  underutilized  species  and  from  disease. 

Energy  Projections.  Due  to  technological  developments,  the  real  costs  of 
production,  refining,  and  marketing  of  energy  products  will  remain  essentially 
constant.  Large  increases  in  the  adoption  of  existing  technologies  are  assumed 
to  be  possible.  It  is  assumed  that,  collectively,  nuclear  and  hydroelectrical 
generation  (which  are  lumped  together  in  the  Department  of  Energy  pro- 
jections) will  approximately  triple  between  1975  and  1990.  The  technologies 
ifor  fossil  fuel  production  and  use  are  assumed  to  respond  to  variations  in 
relative  costs,  resulting  in  shifts  from  oil  and  natural  gas  to  coal. 

Nonfiul  Minerals  Projections.  Technological  advances  in  production  tech- 
nolo^  necessary  for  continued  growth  in  production  will  be  made.  As  high- 
grade  ores  are  depleted,  technological  developments  will  hold  the  real  cost 
of  minerals  aiid  materials  constant.  Mineral  use  per  dollar  of  GNP  will  tend 
to  decrease  as  economies  enlarge  and  mature. 

None  of  the  projections  assumes  specific  major  technological  break- 
throughs, (such  as  harnessing  of  the  fusion  process  for  energy  production). 
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and  none  assumes  failures  of  existing  technologies  (such  as  the  evolution  of 
antibiotic-resistant  diseases,  or  the  termination  of  nuclear  power  development  \ 
due  to  inadequate  reactor  safety  or  waste  disposal  methods). 


'  For  three  reasons,  no  attempt  will  be  made  to 
analyze  the  environmental  implications  of  the 
teehnological  projections  and  assumptions  made 
by  the  contributing  agencies.  First,  the  techno- 
logical projections  and  assumptions  are,  for  the 
most  part,  too  inexplicit  to  permit  an  adequate 
assessment  of  their  environmental  implications. 
Second,  technology  is  knowledge — especially  sci- 
entific knowledge — applied  to  practical  or  pro- 
ductive ends,  and  since  the  principal  environmental 
implications  of  a  particular  technology  occur  in 
the  economic  sector  in  which  it  is  applied,  its  en- 
vironmental implications  are  analyzed  individ- 
ually in  the  other  sectk>ns  of  this  chapter.  Third, 
the  interesting  and  important  environmental 
questions  about  technologies  emerge  not  from  an 
analysis  of  a  particular  te^nology  but  from  an 
analysis  of  alternative  technological  options.  The 
last  point  deserves  elaboration. 

Both  developed  and  less  developed,  nations 
have  had  considerable  experience  with  the  un- 
foreseen social  and  environmental  impacts  of 
technology  and  development.  Neither  Henry  Ford 
nor  the  purchasers  of  his  Model  Ts  foresaw  that 
automobile  exhaust  would  become  an  environ- 
mental health  problem.  Similariy,  university  ag- 
ricultural facilities  involved  in  the  development 
of  modem  agricultural  equipment  failed  to  antic- 
ipate adverse  social  impacts — such  as  unemploy- 
ment among  farmworkers  and  urban  migration — 
and  were  taken  by  surprise  recently  when  19  farm- 
workers and  a  California  Rural  Legal  Assistance 
group  sued  the  University  of  California  over  the 
development  of  sophisticated  harvesting  ma- 
chines, which  the  farmworkers  alleged  were  a 
threat  to  their  livelihood.  The  suit  contends  that 
harvesting  machines  in  the  California  tomato  in- 
dustry alone  have  displaced  32,000  workers  and 
that  thousands  more  have  been  displaced  by  uni- 
versity-developed machinery  in  vegetable  fields 
and  fruit  orchards.  One  certainly  cannot  infer 
from  this  development  that  all  harvesting  ma- 
chinery is  bad,  but  the  farmworkers*  suit  does 
illustrate  the  extent  to  which  questions  are  being 
raised  about  the  impact  of  technology--questions 
that  in  even  the  relatively  recent  past  might  have 
been  thought  external  to  decisions  concerning 
tedinologiad  priorities. 

New  institutions  are  developing  in  response  to 
ttat  growing  awareness  of  the  social  and  environ- 
mental impacts  that  follow  in  the  wake  of  new 


technologies,  f**  «he  United  States,  the  Office  of 
Technology  Assessment  was  instituted  to  assist 
Congress  in  assessing  the  social,  economic,  and 
environmental  consequences  of  new  and  emerg- 
ing technologies.  Internationally,  the  United  Na- 
tions Conference  on  Science  and  Technology  for 
Development  (UNCSTD)  was  designed  to  con- 
sider both  technological  choice  and  the  transfer 
of  technologies  among  nations. 

The  international  transfer  of  technologies  has 
important  environmental  implications.  In  fact, 
some  of  the  most  serious  environmental  problems 
have  come  from  the  direct  transfer  of  technologies 
from  temperate-zone  industrial  societies  to  trop- 
ical environments  in  less  developed  societies. 
Many  of  these  environmental  problems  are  due 
to  lack  of  understanding  of  how  tropical-  and  and- 
zone  ecosystems  differ  from  temperate-zone  sys- 
tems. For  example,  many  tropical  river  basin  de- 
velopment projects  have  stabilized  irrigation 
systems  to  provide  increased  agricultural  produc- 
tion, only  to  discover  such  stabilized-irrigation 
agriculture  provided  ideal  environments  for  the 
spread  (via  snail  vectors)  of  such  serious  water- 
borne  diseases  as  schistosomiasis. 

Economist  E.  F.  Schumacher  and  his  colleagues 
of  the  Intermediate  Technology  Group  in  London 
have  pioneered  eifforts  over  the  past  two  decades 
to  develop  "appropriate"  technologies,  i.e.,  tech- 
nologies that  are  ecologically  gentle  and  adaptable 
to  the  economic,  resource,  end  social  structures 
of  a  particular  society.  Schumacher  presented  his 
t hough ts^  on  technology  in  Small  is  Beautiful: 
Economics  as  if  People  Mattered.  In  this  well- 
-known book,  Schumacher  goes  beyond  environ- 
mental compatability  to  identify  four  basic  prop- 
ositions for  choosing  technologies  for  develo{nng 
societies: 

•  First,  that  workplaces  have  to  be  created  in  the 
areas  where  the  people  are  living  now,  and  not 
primarily  in  metropolitan  areas  into  which  they 
tend  to  migrate. 

•  Second,  that  chese  workplaces  must  be,  on  av- 
erage, cheup  enough  so  that  they  can  be  created 
in  large  numbers  without  this  calling  for  an  un- 
attainable level  of  capital  formation  and  im- 
ports. 

•  Third,  that  the  production  methods  employed 
must  be  relatively  simple,  so  that  the  demands 
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for  high  skills  arc  minimized,  not  only  in  the 
production  process  itself  but  also  in  matters  of 
organization,  raw  material  supply,  financing 
marketing,  and  so  forth. 

•  Fourth,  that  production  should  be  mainly  from 
local  materials  and  main(y  for  local  use. 

Tlie  industrialized  nations  face  corresponding 
choices  in  defining  and  developing  appropriate 
"postindustrial"  technology.  The  environmental 
problems  that  are  passed  on  to  the  next  generation 
will  be  greatly  influenced  by  whether  industrial- 
ized countries— as  well  as  less  developed  coun- 
tries—encourage technologies  that  conserve  energy 
and  other  natural  resources,  increase  employ- 
ment, and  minimize  pollution  and  other  impacts 
on  the  environment,  or  whether  these  countries 
continue  to  develop  technological  innovation  pri- 
marily for  increasing  per  capita  consumption  of 
goods  and  services. 


Conclosioiis 

Many  of  the  environmental  impacts  discussed 
m  other  sections  of  this  chapter  are  the  conse* 
quenccs  of  past  technological  choices.  The  health 
of  the  environment  during  the  21st  century  will 
be  shaped  significantly  in  both  developing  and 
mdustnalized  countries  by  the  choices  %t  tech- 
nologies made  over  the  next  two  decades.  .For- 
tunately, a  wide  range  of  technologies  are  available 
that  appear  to  be  environmentally,  socially,  and 
economically  sound,  but  it  is  by  no  means  clear 
that  these  technologies  will  be  chosen.**  How 
poMtical  and  social  controls  affect  the  choice  and 
diffusion  of  technologies  in  the  early  stages  of 
their  development  will  haye  monumental  impii- 
cations  for  the  environmehtal  conditions  passed 
on  to  the  next  generation.  Indeed,  the  choice  of 
technologies  may  be  the  area  in  which  society  wiH 
have  the  greatest  latitude  and  leverage  in  shaping 
the  future  of  the  global  environment. 


The  food  and  Agriculture  Projections  and  the  Environment 

The  Projections 

The  food  and  agriculture  projections  developed  by  the  U.S.  Department  of 

it^^'^l^^Ji^^^^  P^'"^"^  wor'd  production  over 

ifte  1970-2000  penod.  This  increase,  however,  is  the  equivalent  of  only  a  10-  ' 
15  percent  increase  in  per  capita  production.  The  real  price  of  food  is  pro- 
jected to  mcrease  from  30  to  115  percent  over  1969-71  prices. 

The  projections  increases  are  based  in  part  on  a  projected  4  percent 
mcrease  in  arable  area.  Although  this  expansion  of  arable  area  involves  a 
substantial  mcrease  in  the  world's  harvested  area  over  the  record  high  levels 
Reported  for  the  first  half  of  the  1970s,  the  rate  of  increase  in  arabkarea  is 
significantly  slower  than  in  the  postwar  period.  The  slowed  expansion  is  due 
m  large  part  to  the  growing  capital  costs  of  adding  increasingly  remote  and 
marginal  lands  to  the  production  base.  The  slowed  rate  o^  increase  leads  to 
an  jn<^/sf  4^n«JJ^^  of  people  supported  per  hectare.  Globally  during  the 
first  half  of  the  1970s,  2.6  persons  were  supported  per  arable  hectare;  by  2000 
the  figure  IS  projected  to  rise  to  4.0.  In  the  LDCs  the  ratio  is  projected  to 
rise  from  2.9  in  the  early  1970s  to  5.3  in  2000,  excluding  China 


•  Half  of  the  $tudy*s  food  projections  reported  in  Chapter  6 
assume  that  energy  prices  remain  constant  in  real  terms  (at 
1974-76  prices)  to  the  year  2000.  The  figures  presented  under 
Ahemative  H  (see  Chapter  6)  assume  that  energy  prices  rc- 
jnain  coostant.  The  double  set  of  figures  presented  under  Al- 
ternative I  reflect  possibilities  ranging  from  constant  to 
iiicrelMing  energy  prices.  (The  first  of  the  two  Alternative  I 
entries  it  for  cx»pMtant  energy  prices;  the  second  entry  is  for 
rMng  energy  prices.)  Alternative  III  explicitly  presents  results 
bMd  on  real  energy  prices  rising  as  projected  in  the  Study's 
energy  pfojecttkms  in  Chapter  10.  Alternative  III  also  assumes 
high  populatkm  growUi  nites,  lower  income  growth  rates,  and 
weatiier  less  favorable  than  that  of  the  past  25  years.  The  food 
projectkMis  under  this  altematiye  show  the  real  price  of  food 
increasing  by  115  percent  over  the  1970-2000  period.  For 


LDCs  overall,  average  per  capiu  daily  calorie  consumption 
remains  constant  at  the  2,165  calorie  per  calfita  levels  of  1969- 
71.  Per  capita  calorie  consumption  declines  for  the  North  Af- 
rica/Middle East  region,  oither  African  LDO,  and  South  Asian 
areas  and  increases  for  Latin  America  and  the  Southeast  Asia 
and  East  Asia  areas.  The  percentages  of  decline  in  per  capita 
consumption  (relative  to  196^71  levchi)  ^  as  follower  1  per- 
cent for  the  North  Africa/Middle  East  aif  a,  ib  percent  ior  the 
other  African  LDQ,  3  percent  for  the  Soiith  Asian  arer..  Fer- 
tiliier  consumption  and  increase  in  arable  area  are  not  pro- 
jected for  the  specific  case  of  rising  en^gy  prices.  World  grain 
trade  increases  200  percent,  from  79^6jnillton  metric  tons  in 
1969-71  to  238  million  in  2000.  Grain  importt  increase  as  fol* 
k  190  percent  for  developed  nmporters,  650  for  centrally 
planned  country  importers  and  «20  for  LDC  importen. 
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The  remainder  of  the  increase  in  production  comes  from  a  projected  70- 
100  percent  increase  in  productivity,  (i.e. ,  substantially  higher  crop  yields  per 
hectare).  Implicit  in  the  projected  productivity  growth  is  a  more  than  doubling 
of  fertilizer*  use  per  hectare  for  the  world  as  a  ^hole  and  a  quadrupling  of 
fertilizer  use  per  hectare  for  LDCs.  The  food  projections  also  note  a  continued 
diminishing  of  marginal  return  to  increases  in  fertilizer  use.  In  simplified 
terms,  a  1-kUogram  increase  in  fertilizer  use  at  the  world  level  appears  to 
have  generated  about  an  8-kilogram  increase  in  grain  production  in  the  early 
1970s;  a  1-kilogram  increase  in  fertilizer  use  in  2000  is  projected  to  generate 
less  than  a  6-kilogram  increase  in  production.  Water,  which  is  already  a 
limiting  factor  in  agricultural  production  in  large  parts  of  the  world,  will 
become  even  more  of  a  limiting  factor  by  2000.  As  noted  in  the  food  and 
agriculture  projections  (Chapter  6),  the  projected  inaeases  in  food  produc- 
tion imply  large  public-sector  investments  in  irrigation,  agricultural  extension, 
and  land  reclamation. 

The  projected  increases  in  demand  will  be  generated  by  the  projected 
increases  in  population  and,  to  a  lesser  extent,  by  increases  in  per  capita 
income.  Increases  in  both  production  and  demand  are  likely  to  be  unevenly 
distributed  and  are  therefore  expected  to  generate  both  a  marked  increase 
in  intemati  lal  trade  and  a  widening  of  the  differences  betweeli  per  capita 
consumption  in  the  different  regions  of  the^  world.  Net  declines  in  caloric 
consumption  per  capita  are  projected  for  niost  areas  of  developing  Africa 
south  of  the  Sahara;  negligible  gains  iocaloric  consumption  are  expected  for 
South  Asia  and  parts  of  the  rest  of  the  developing  world. 

As  noted  in  Chapter  4  (''Gimate**),  the  Study's  food  projections  im- 
plicitly assume  that  no  significant  change  in  the  climate  will  occur  relative  to 
^  that  experienced  over  the  last  several  decades.  However,  the  projections  do 
explicitly  consider  variations  in  weather  by  providing  for  fluctuations  in  yields 
similar  to  weather-related  variations  experienced  during  the  1950r77  period. 
The  projections  take  into  account  ecological  stresses,  such  as  deterioration 
in  soil  fertility,  and  hydrologic  irregularity  induced  by  deforestation,  but  only 
to  the  extent  that  these  problems  have  occurred  in  the  past  and— given  past 
experiences — are  likely  to  occur  in  the  future.  Ecological  stresses  are  linked 
to  the  projections  by  assuming  that  steps  will  be  taken  to  alleviate  the  impact 
of  these  stresses  on  production.  The  costs  of  taking  the  preventive  steps  are 
expensive  and  contribute  significantly  to  the  increased  real  cost  of  producing 
and  consuming  food.  The  required  capital  is  assumed  to  be  available. 


Introduction 

The  food  projections  present  a  complex  picture 
of  interacting  factors  that  will  affect  the  environ- 
ment. The  growing  populations  and  incomes  pro- 
jected increase  the  demand  pyr  food  at  a  time 
when  increasing  the  stock  of  arable  land  will  have 
become  more  difficult  and  expensive.  A  reduced 
rate  of  expansion  of  ^ble  land  will  place  ifiirther 
importance  on  increasing  yields,  but  yi8ld*en- 
hancing  techniques  are  themselves  showing  signs 

*  la  the  DeiMTtinem  of  Agriculture's  projections  for  this 
Study,  the  term  "feftilizar"  is  used  as  a  proxy  for  a  group  of 
prodttctlvtty-expamling  inpuu,  including  pesticides,  herbi- 
cidet,  and  hi^yield  |^  varieties,  as  well  as  chemical  fer- 
tS^nm  in  the  ittiial  meaning  of  the  term.  The  projections  are 
not  detailed  eoot^  to  specify  any  change  in  the  telative  pro* 
portioos  of  these  various  inputs. 


of  limitations.  Further,  the  nonrenewable  re- 
sources on  which  agriculture  is  based — fossil  fuels, 
genetic  strains,  and  soils — are  being  diminished 
rapidly  in  some  areas.  All  of  ^these  developments 
will  have  environmental  implications,  some  of 
which  will  directly  influence  Uie  prospects  for  fu- 
ture food  production. 

This  point  has  already  been  forcefully  made  by 
the  Council  on  Environmental  Quality.  The 
CounciPs  J977  report  "The  Food-People  Prob- 
lem'' discusses  the  situation  in  the  following 
terms: 

In  the  race  to  provide  food  for  the  expanding 
world  population,  improper  fanning  practices — 
including  overiy  intensive  cultivation,  too  heavy 
a  reliance  on  marginally  productive  semi-arid 
lands,  and  inadequate  conservation  measures— 
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arc  increasing  the  erosion  and  depleting  the  nu- 
trients of  topsoils.  The  result  ...  is  reduced  fer- 
tility of  the  land,  lowering  its  capacity  for  food 
production. 

In  many  parts  of  the  world,  hillsides  are  being 
deforested  to  make  way  for  more  farms  and  to 
provide  fi»el  for  cookinc  food.  The  rains  no  longer 
soak  into  the  ground  but  run  off  in  the  form  of 
uncontrollable  torrents  which  tear  away  the  soil 
under  cultivation,  flood  the  low  lying  cropland 
and  cloff  reservoirs  and  irrigation  canals  with  silt' 
Uft  behind  are  barren  slopes  that  later  become 
abandoned. 

Environmental  degradation  has  been  barely 
noticeable  amid  increased  farm  production  re- 
sulting from  the  technological  improvements  of 
the  "Green  Revolution,''  made  particularly  ef- 
fective by  fertilizers  and  pesticides.  However,  rap- 
idly growing  population  and  growing  affluence 
continue  to  increase  the  demand  for  food,  while 
at  the  same  time  losses  in  soil  fertility  which  re- 
duce land's  capacity  to  produce  are  occurrine 
across  the  world.  * 

1  iS^.?'"^'"^  ?  ^  ^  ^""^^y  of  69  countries  with 
1.8  bilhon  people:  v 

•  Overgrazing  and  overcropping,  which  result  in 
neavy  loss  of  soil  by  erosion,  are  serious  prob- 
lems in  43  countries  with  1.4  billion  people 

•  Serious  irrigation  problems  were  recorded  in 
eight  arid  countries  attempting  to  increase  food 

E reduction, 
leavy  loss  of  forests  has  occurred  in  al  least  24 
developing  countries.  Principal  reason  for  con- 
verting forest  to  cropland  and  grazing  fields  is 
to  meet  the  demand  for  food. 

•  Water  problems  resulting  from  deforestation 
have  ap^*ared  in  16  countries  in  the  form  of 
critical  water  shortages,  and  in  10  countries  in 
the  form  of  increased  flooding.  Some  countries 
shared  both  drought  and  flooding.  > 

The  implications  of  the  Global  2000  Study's 
food  projections  for  the  environment  are  dis- 
cussed in  the  following  five  sections.  First,  the 
food  projections  are  analyzed  in  terms  of  their 
implications  for  human  nutrition— an  important 
aspect  of  environmental  quality— and  in  terms  of 
the  kinds  of  pressures  that  agricultural  activities 
will  exert  on  other  parts  of  the  environment. 
Other  subjects  of  environmental  concern  include 
soil  deterioration,  the  ecological  effects  of  fertil- 
izers and  pesticides,  crop  vulnerability  (the  ge- 
netic instability  induced  by  simplification  of 
ecosystems  and  reduction  of  genetic  resources), 
and  the  implications  of  the  food  projections  for 
nonrenewable  fossil  fuels.* 

•In  addition  to  the  discussions  that  follow,  several  direct  cs- 
tinutes  and  broad  directional  indicators  of  environmental 
change  are  presented  tn  the  food  and  agriculture  projections 
themMlves  (Chapter  6) 


Food  and  the  Human  Environment 

'  Food  is  an  essential  element  in  environmental 
quality  for  the  human  population.  Without  an 
adequate  diet,  vulnerability  to  disease  is  in- 
creased, capacity  to  perform  physical  work  is  lim- 
ited, and  (in  children)  mental  and  physical 
development  is  impaired.  Nutritional  require- 
ments vary  with  age,  sex,  occupation,  height,  and 
weight.  As  a  rough  guide  to  human  nutritional 
needs,  the  U.N.  Food  and  Agriculture  Organi- 
zation (FAO)"*'  has  estimated  minimum  caloric 
requirements  for  various  regions.*  The  degree  to 
which  the  FAO  standards  are  met  provides  an 
important  indication  of  the  nutritional  dimension 
of  human  environment  and,  indirectly,  an  indi- 
cation of  the  pressures  on  local  agricultuie. 

Table  13-17  compares  recent  and  projected  per 
capita  calorie  consumption  with  the  FAO  mini- 
mum standards  for  various  regions  of  the  world. 
As  noted  in  Chapter  6,  real-price  increases  will 
be  needed  to  pay  for  more  costly  landde  vdop- 
ment  and  yield-enhancing  technologies  implicit  in 
the  projected  figures.  Some  regions  will  be  better 
able  than  others  to  pay  the  increasing  real  prices, 
and  consequently  x  prospects  reflected  in  the 
table  vary  widely  from  region  to  region.  The  pros- 
pects are  good  in  the  industrialized  countries  and 
the  centrally  planned  economies.  In  the  affluent 
developed  cQuntries,  diets  can  be  expected  to  be- 
come more  diversified  while  calorie  consumption 
rises  to  perhaps  135  percent  of  FAO  standards. 
The  increased  consumption  in  these  regions  brings 
to  mind  the  problem  of  malnutrition  due  to  over- 
consumption  (i.e.,  overeating)  cited  in  several  re- 
cent studies. 

The  consumption  statistics  for  the  industrialized 
countries  and'centrally  planned  economies  do  not 
fully  indicate  the  magnitude  of  the  pressures  for 
increased  agricultural  production  in  these  regions. 
Many  are  critically  dependent  on  innports.  In  one 
case,  the  food  projections  in  Chapter  6  show  a 
food-importing  centrally  planned  economy  in- 
creasing its  grain  purchases  by  650  percent  by  the 
year  2000.  Pressure  will  also  be  high  in  tiiose  ex- 
porting countries  experiencing  balance  of  pay- 
nient  problems.  Agricultural  sales  provide  a 
significant  amount  of  foreign  exchange  for  some 
countries.  In  1975-77  in  the  U.S.,  for  example, 


•  Of  course,  adequate  nutrition  also  requires  protein  and  other 
nutnents,  many  of  which  will  also  be  increasing  in  price.  The 
discussion  here  is  lif/lited  to  caloric  requirements.  See  Joint 
FAO/WHO  ad  hoc  Expert  Committee,  "Energy  and  Protein 
Rajuircments/'  Rome:  Food  and  Agriculture  Organization, 
1973;  aftd  World  Food  Study  and  Nutmion,  vol.  1,  Washington- 
National  Academy  of  Sciences,  -WS. 
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TABLE  13-17 

DtUy  per  Capita  r tiorie  Coii8uiP;^lion,  Historic  and  Projected,  oy  Region,  wbtii  Percent  of 

FAO  Minimum  Standards 


Historic 


Projected  for  2000 


1969- ''I 


197>74 


Alternative  II' 


Alternative  IH^ 


Industrialized  countries 

Centrally  pknned  economies 

Lett  developed  countries 

Latin  America 

North  Africa/Middle  F-st 

Other  African  LDCs 

South  Asca 

Southeast  Asia 

East  \s^a 


Figures  in  parentheses  are  percents  of  FAO  minimum  standards' 
3.180  (122)  3.340  (128)  3.500  (135  )  3.400  (130) 


2»600(107) 

2,165  (94) 

2,525  (106) 
2,421  (104) 
2.139  (92) 
2.036  (92) 
2,174  (98) 
:  140  (97) 


2,665  (110) 

2,135  (93) 

2.540(107) 
2.482  (107) 
2,071  (90) 
1.954  (88) 
2,270(103) 
2,205  (100) 


2,940  (:21) 

2.390(104) 

3,080(130) 
2,655  (114) 
1.920  (83) 
2,230  (101) 
2.425(110) 
2.520  (114) 


2.860(118) 

2.165  (94) 

2.710  (il4) 
2,390  (103) 
1.800  (77) 
1.985  (105) 
2.310(105) 
2.320  (105) 


Sottfct'  DaU  tor  induitruilited  countries  ind  centrilly  planned  economies  are 
f.OM  TiNe>-8.  Chapter  6.  ibn  study,  data  for  LDCj  are  frwi  Table  6-9  Con- 
vcmor  ff^^n  the  feed  indeiet  was  performed  b,  the  Depar  .neni  of  Agri%Uu« 

.Vow  Calonc  rer,uirement$  and  per  capita  calonc  consumption  figures  are  cal- 
ailated  from  measures  of  total  food  sunpty  (ad)usted  for  nonfood  use,  and  proc- 
ea«m  kaaet  and  wane)  divided  by  midyear  population  Imake  below  80-90  pereem 
or  above  120-130  percent  of  the  FAO  minimum  requirement  »  urtlikely  given 
btnc  body  meubolif-  Therefore  projected  per  capita  calori^  levels  outside  a 
raofe  of  80-130  percent  of  caloric  minimums  reflect  an  unusually  small  or  large 


waste  or  processing  margin  rather  than  a  sustained  daitt  per  capita  intake  in  the 
1.700-1.800  cak>ne  range  or  m  the  3  300-3  400  cj^lorie  range 
'  Real  pnce  of  energy  remains  constant,  -with  low  population  growth  high  income 
powth.  and  less  favorable  weather 

•  Rra'  pnce  of  energy  inaeasr»  »  projected  m  Chapter  10  with  high  population 
growth,  low  income  growth,  and  less  favorable  wer  '  ^r 

•  FAO's  minimum  country-specific  talorK  requirements  imply  regional  require- 
menis  of  2.375  calories  per  capita  per  day  for  Utin  Amenca  2  325  lortfeveloping 
Africa.  2.210  for  developing  Asia  (2.300  for  the  LDCs  as  an  ^gg*egate)  2  600 for 
the  industnaiized  countries,  and  2  420  tor  the  ceiitrally  planned  economies 


t  ai;  '  Jcs  provided  over  10  percent  of  all  U.S. 
foreign  sales. 

FTOspect3  in  the  LDCs  are  mi>^ed.  Diet  -m- 
provcmcnts  for  the  poorest  two-thirds  of  the 
world's  population  are  likely  to  be  small  or  not 
forthcoming  at  4JI  As  shown  in  Table  13-17,  diets 
are  projected  improve  in  Latin  America  and 
in  Southeast  and  East  Asia.  Diets  also  improve 
in  South  A3ia  under  the  optimistic  assumptions 
(including  constant  energy  prices)  of  Alternative 
n.  But  with  the  assumptions  of  increasing  energy 
prices,  high  population^growth,  low  income  ^Towth, 
and  Icis  favorable  weather  (Alternative  III),  av- 
erage per  capita  calorie  consumption  declines  in 
South  Asia  and  in  the  LDCs  scuth  of  the  Sahara.* 

The  full  implications  of  these  calorie  consump- 
tion levels  depend  on  an  additional  measure — the 
statistical  distribution  of  diets  above  and  below 
calori^consumption  averages.  Studies  by  the  U.S. 
Department  of  Agricuhure  and  the  World  Bank^ 
suggest  that  calorie  distribution  in  the  LDCs  is 
sufficiently  skewed  that  national  average  ralorie 
consuinption  levels  would  have  to. be  at  least  110- 
120  percent  of  the  FAO  minimum  before  con- 
sumption in  lower-income  groups  could  be  ex- 


*  AJteniitive  I  (see  Chapter  6)  presents  a  range  for  the  me- 
dium case<  The  fint  number  presented  in  the  Aitemative  I 
tntne$  reflects  cofKtitions  w»ih  constant  c.jrgy  prices;  the  sec- 
ond entry  is  for  nsing  e.-ergy  prices.  The  Nutritional  imph- 
cf  tiont  of  Alternative  I  ar^    esented  in  Chapter  6. 


pected  to  approach  the  recommended  minimum.* 
Keeping  this  added  distnbutipn  factor  in  mind, 
the  projected  increase  in  per  jcapita  calorie  con- 
sumption would  probab«)y^b^dequate  to  improve 
Latin  American  jdiefs  (under  all  three  alterna- 
tives) and  Southeast  Asian  and  East  Asian  diets 
(under  selected  alternatives)  to  the  extent  that 
low-income  groups  would  have  access  to  mini- 
mum food  supplies.  Consumption  in  the  rest  of 
the  developing  regions — and  in  the  LDC  is  a 
whole — would  fail  to  increase  fast  enough  to  meet 
the  minimum  needs  of  the  lowest-income  groups, 
which  possibly  make  up  one-thii  J  to  one-half  of 
the  total  world  population.  The  World  Bank,  tak- 
ing these  inequities  into  account,  estimates  that 
malnourished  persons  in  the  LDCs  could  increase 
from  the  current  figure  (400-600  million)  to  as 
many  h6  1^)0  million  by  tne  year  2000. 

There  has  been  hunger  and  malnutrition  some- 
where in  the  world  for  virtually  all  of  recorded 
history,  but  as  National  Academy  of  Sc  nces 
President  Philip  Handler  has  observed, 

The  character  of  malnutrition  has  changed  mark- 
edly in  the  last  40-50  years  The  classical  defi- 


*  Policies  leading  to  a  more  equitable  income  '  ^tnbution 
could  reduce  this  skewness  and  result  in  a  far  larger  improve- 
ment  in  diets  than  reflected  in  the  regional  consuAiption  av^ 
erages.  Ho*  .-ver,  the  analysis  throughout  this  Study  is  limited 
to  one  policy  option,  namely  the  continuation  of  present  pol- 
icies. 
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cicncy  (tecascs— beriberi,  scurvy,  pellagra,  rickets, 
sprue — have  almost  disappeared.  Only  xcro- 
pnthalmia  due  to  Vitamin  A  deficiency  continues 
as  a  serious  problem,  causing  blindness  in  large 
numbers  of  children.  Instead,  there  is  marasmus, 
and  kwashiorkor — both  forms  of  eeneral  protein- 
calorie  insufficiency  and  iron  deficiency  anemia. 
Thus,  nutritional  status  is  now  rarely  the  conse- 
quence of  isnorance;  malnutrition  now  reflects 
,  lack  of  food,  not  lack  of  scientific  understand- 
ing. 

In  short,  nations  throughout  the  world  wih  be 
pressured  to  subst  nfially  increase  agricultural 
outpot  to  respond  to  growia  in  demand.  Demand 
will  be  driven  by  both  population  and  income 
growth,  but  in  differe '  -"'^oportions  in  different 
areas.  In  the  LDCs,  v  'ximately  a  third  to  a 
half  of  the  wor!d*s  po;,.  acn  will  experience  a 
calorie  shortfall.  Most  food-importing  nations  will 
produce  as  much  as  possible  to  alleviate  negative 
trade  balances.  Exporters,  especially  the  U.S., 
will  encourage  grain  production  to  help  offset  the 
balance  of  payment  pressure  created  by  continued 
heavy  oil  imports.  While  the  demand  for  food  will 
be  high  everywhere,  the  strains  on  the  agricultural 
sector  are  likely  to  be  highest  in  South  Asia  and 
in  LDCs  south  of  ihc  Sahara.  These  pressures  will 
affect  the  environment  adversely  through  soil  de- 
terioration, through  use  of  pesticides  and  abuse 
of  fertilizers,  and  through  the  consequences  of 
monocultures  of  inbred  crop  varieties. 

« 

,     Deterioration  of  Soils 

The  amount  of  land  available  for  cultivation 
changes  when  new  lands  are  brought  into  pro- 
duction, when  existing  croplands  deteriorate  and 
are  abandoned,  and  when  croplands  are  con- 
verted to  other  uses.  The  projections  suggest  that, 
even  with  substantially  higher  food  prices,  only 
relatively  modest  amounts  of  additional  land  can 
expected  to  be  brought  into  production  by 
2000.  This  prospect  accentuates  the  importance 
of  increasing  yields  and,  in  turn,  of  maintaining 
and  improving  soil  fertility.  Yields  can  be  en- 
hanced with  fertilizers  but  only  at  an  mcreasing 
cost  and  only  as  long  as  an  adequate  soil  structure 
remains.  The  condition  of  soils  is  of  central  im- 
portance now,  ^nd  its  importance  is  likely  to  in- 
crease in  the  years  ahead.  The  trend,  unfortunately, 
is  one  of  deteriorating  soil  conditions. 

To  wha»  extent  does  soil  deterioration  on  ex- 
isting croplands  affect  the  world*s  agricultural  po- 
tential? The  limited  data  available  can  only 
suggest  the  outlines  of  an  answer  to  this  ques- 
tion,   showing  scattered  but  alarming  examples 


of  soil  deterioration.*  The  pi  nary  problems  in- 
clude: (1)  loss  of  topsoil  to  eros»on,  (2)  loss  of 
organic  matter,-  (3)  loss  of  porous  soil  structure. 
(4)  build-up  of  toxic  salts  and  chemicals. 

Given  the  limited  data,  there  are  several  ap- 
proaches that  might  be  used  in  assessing  the  iti- 
fluence  of  soif  deterioration  on  agricultural 
production  to  the  year  2000.  First,  as  has  been 
done  in  the  Global  2000  Study's  food  projections, 
one  can  assume  that  farmers  throughout  the  world 
will  be  aware  of  the  potential  problems,  will  suc- 
cessfully charge  more  for  their  produce,  and  will 
use  the  additional  income  to  counteract  potential 
ecological  problems.  The  technologies  and  man- 
agement techniques  now  available  are  assumed 
to  be  brought  to  bear  on  ecological  problems  as 
they  emerge,  so  as  to  limit  their  adverse  impaci 
on  expanding  production.  This  approach  does  not 
assume  that  adverse  effects  do  not  occur  but 
rather  that  the  capital,  knowledge,  and  incentives 
necessary  to  employ  presently  known  solutions 
will  be  available.  Lnder  this  assumption,  the  im- 
pacts of  ecological  problems  o.i  agricultural  pro- 
duction do  not  increase  markedly  beyond  the 
current  level.  This  approach  is  sut^ject  to  criticism 
because  it  is  based  on  assumed  developments 
specifically,  the  adoption  of  environmentally  sen- 
sitive technologies  and  management  policies— 
that  may  or  may  not  occur. 

Another  approach  is  to  extrapolate  on  the  basis 
of  the  pre:ent  limited  knowledge  of  world  soil 
deterioration.  For  example,  the  1977  U.N.  Con- 
ference on  Desertification  projected  that  if  pres- 
ent trends  continue,  the  world  will  have  lost  one- 
thirdt  of  its  arable  lands  due  to  desertification  and 


*  Changes  in  soil  quality  cannot  be  directly  and  accurately 
measured  over  large  geographic  areas,  and  too  few  sample 
measurements  have  been  made  to  obtain  a  detailed  statistical 
picture  at  the  global  (or  even,  with  few  exceptions,  at  the 
national)  level  Presently,  rates  of  soil  deterioration  for  large 
geographic  areas  can  be  estimated  only  on  the  basis  of  frag- 
mentary, evidence  data  from  experimental  plots,  studies  of 
stream-water  siltat  n,  archeological  and  historical  studies  of 
once  verdant  lands  now  turning  to  desert,  and  remote  sensing 
satellite  images  used  to  assess  vegetative  and  other  character- 
istics. The  limited  number  of  cases  where  site-specificdata  are 
available  include  examples  of  disastrous  soil  deterioration,  and 
evidence  of  terioration  can  be  found  in  scattered  observa- 
tions from  around  the  world.**  The  ^tudy  of  world  soil  con- 
ditions is  further  complicated  in  many  regions  by  the  use  of 
synthetic  fertilizers  and  high-yielding  varieties,' which  may 
maintain  or  even  increase  production  for  a  time,  temporarily 
masking  losses  of  soil  and  deteriorating  soil  structure 
t  Enk  Eckholm  has  noted  in  a  private  communication  an  in- 
ability to  find  anyone  who  will  take  responsibility  for  this  U  N 
projection.  Eckholm  himself  sees  the  problem  as  serious,  but 
not  quite  this  scnous  He  has  described  his  own  perceptions 
of  the  problem  m  Erik  Eckholm  and  Lester  R  Brown.  Spread- 
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Other  causes  by  2000.  This  approach  is  open  to 
critiGisin  because  of  the  limited  knowledge  on 
which  it  is  based.  The  approach  used  in  the  fol- 
lowing paragraphs  is  simply  to  catalog  and  de- 
}  ;ribe  tt^e  principal  elements  of  what  is  now 
m  iown  of  world  land  degradations. 

The  five  major  agents  of  soil  loss  are:  (1)  de- 
sertification (the  process  of  land  deterioration  as- 
i  sodated  with  desert  encroachment,  u5ually  caused 
by  overly  intense  grazing,  shortened  fallow  pe- 
riods, and  consumption  of  woody  plants  as  fuel); 
(2)  waterlogging,  saiinization,  and  alkalinization, 
which  commonly  occur  when  irrigation  systems, 
particularly  in  arid  lands,  apply  water  in  ways  that 
are  incompatible  with  soil  drainage  and  other  soil 
and  water  characteristics;  (3)  soil  degradation  that 
follows  deforestation  on  steep  slopes  and  in  many 
humid  tropical  areas;  (4)  gen^'ral  erosion  and  hu- 
p.<us  loss  occurring  in  major  agricultural  regions 
as  a  consequence  of  routine  agricultural  practices; 
and  (S)  loss  of  lands  to  urbanization,  road  build- 
ing, village  expansion,  and  other  land*consuming 
developments  associated  with  economic  and  pop- 
ulation growth. 

DcacrtiflcatkHi. 

Desertification*  will  probably  be  a  major  mod- 
ifier of  landscapes  between  now  and  2000.  If  all 
the  lands  ident^ed  by  the  U.N.  as  having  a  high 
or  very  high  j^robability  of  desertification  were  to 
become  desert  by  2000,  deserts  would  occupy 
-1  more  than  three  times  the  7,992,000  square  kil- 
ometers they  occupied  in  1977."*  Most  of  the  land 
lost  would  be  pastureland,  but  losses  in  cropland 
could  also  be  significant.  As  shown  in  the  accom- 
panying map,  most  of  the  losses  would  probably 
take  place  i^  Africa  and  Asia.  Desertification  is 


ing  Deserts-'The  Hand  of  Man,  Washington*  Worldwatch  In- 
stitute, Aug.  WT7  Present  losses  to  desertification  are  apparently 
on  the  order  of  6  million  hectares  per  year  (60.000  square 
kikmieten):  3.2  million  hectares  of  rangeland.  2.5  million  hec- 
tares of  rainfed  cropland,  and  125,000  hectares  of  irrigated 
fannland  {Mntp^rtx  R.  Biswas.  ''United  Nations  Conference 
on  Deicrtificatton  in  Retrospect."  Mxenburg.  Austria:  Inter- 
national  Institute  for  Applied  Sy^.tems  Analysis,  Sept  1978. 
p.  31),  According  to  ''Desertification:  An  Overview."  U  N. 
Desertification  Conference  Aug.  1977.  areas  undergoing  se- 
vere desertification  now  cover  about  30  million  square  kilo- 
neten,  or  23  percent  of  the  earth's  ice  free  land  are^ 
^Desertification  is  a  broad,  loosely  define  i  term  encompassing 
a  variety  of /ecological  changes  that  render  land  useless  for 
agriculture  or  for  human  habitation.  Deserts  rarely  spread 
along  weO-articulated  frontier^,  rather « they  pop  up  in  patches 
where  abuse,  however  unintended,  destroys  the  thm  cover  of 
vegetation  and  fertile  soil  and  leaves  only  sand  or  inert  earth 
(Erik  Eckholm  and  Lester  R.  Brown.  Spreading  Deserts— The 
Hand  of  Man,  Washington:  Worldwatch  Institute.  Aug  1977, 
pp.  7-«). 


an  active  ongoing  phenomenon,  and  its  implica- 
tions are  not  a  matter  of  speculation.  The  eco- 
nomic  bases  of  several  West  African  countries, 
including  Mauretania,  Senegal,  Upper  Volta, 
Mali,  Niger,  and  Chad  have  recently  been  un- 
dermined through  the  extensive  desert  expansion 
that  occurred  during  the  1968-73  drought.  These 
countries  will  find  recovery  difficult,  as  the  dam- 
age done  to  soils  was  long-term.  Sudan,  Somalia, 
Ethiopia,  Kenya,  and  Tanzania  have  also  suffered 
degradation  of  soils  associated  with  the  recent 
drought.*' 

As  already  stated,  one  of  the  leading  causes  of 
desertification  is  overgrazing.  As  shown  in  the 
Free  Range  Grazing  Pressure  map  in  the  colored 
map  s<lction,  a  large  amount  of  land  surface  is 
used  for  free  range  grazing.  Livestock  populations 
have  grown  rapidly  over  the  last  few  decades,  and 
in  the  LDCs  much  of  the  increase  has  been  in 
free-ranging  animals.  Globally  the  population  of 
cattle  rose  by  38  percent  over  the  1955-76  pe- 
riod— including  a  62  [)ercent  increase  in  the  Near 
East  and  a  51  percent  increase  in  Latin  America. 
Over  the  same  period,  global  sheep  and  goat  pop- 
uhtions  increased  by  21  percent,  with  a  52  percent 
ire;  ease  in  the  Asian  centrally  planned  economies 
and  a  44  p)ercent  increase  in  Africa."*  A  portion 
of  this  increase  has  been  in  countries  with  rapidly 
expanding  feedlot  operations,  but  in  many  areas 
the  increases  in  free-ranging  livestock  populations 
have  pushed  above  the  levels  that  can  be  indefi- 
nitely sustained  by  the  land — given  current  pas- 
tiire  management  policies  and  the  limited 
application  of  available  (but  expensive)  technol- 
ogies for  the  protection  of  rangelands.  In  some 
regions,  such  as  Rajasthan  in  India,  increases  in 
the  land  under  cultivation  have  reduced  available 
pastureland  and  intensified  pressure  on  remaining 
pastures.  The  result  has  been  severe  declines  in 
soil  productivity  and  in  some  ar^s  the  actual  cre- 
ation of  deserts  of  blowing  sands.  ^ 

It  is  easy  to  underestimate  the  statistical  prob- 
ability of  a  drought.  The  1968-73  drought  in  the 
African  Sahel  was  so  long  and  so  severe  that  many 
experts  suspected  that  a  climatic  shift  had  oc- 
curred. However,  several  statistical  analyses  of 
climatological  data  prepared  for  the  1977  U.N. 
Conference  on  Desertification  suggest  that  the  5- 
year  Sahelian  drought  was  within  the  range  of 
statistical  expectation  and  therefore  should  not  be 
thought  of  as  a  climatic  shift  or  a  fluke.  Moreover, 
the  analyses  suggested  a  statistically  significant 
tendency  for  dry  years  to  occur  in  succession. 
Thus  the  Sahel  can  expect  a  recurrence  of  suci 
a  drought.^'*  In  most  arid  areas  the  oldest  people 
can,  on  average,  remember  having  experienced 
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about  foor  major  droughts,  some  of  which  ex- 
tended over  several  years.  While  most  areas  do 
not  experience  droughts  as  frequent  or  as  severe 
as  those  in  the  Sahel,  the  probability  of  adverse 
weather  is  often  underestimated,  especially  dur- 
ing periods  of  good  weather. 

The  examj>le  of  the  Sahel  also  raises  questions 
relating  to  populations,  carrying  capacity,  and 
assistance.  Drought  always  means  hardship,  but 
in  cases  like  the  recent  Sahelian  drought,  where 
conditions  exceed  mere  hardship  and  include  se- 
vere famine  and  ecological  decline,  tb':  role  of 
human  and  animal  population  levels  must  be  ex- 
amined as  potentially  major  contributors  to  suf- 
fering."' Where  drought  occurs  periodically,  the 
livelihood  systems  of  the  peoples  there  become 
adapted  to  coping  with  the  consequences  of 
drought.  In  these  situations,  the  U  .N.  notes,  great 
care  must  be  exercised  in  external  efforts  to  assist 
so  that  the  adapted  livelihood  systems  are  not 
disrupted."' 

Waterlogging,  Salinization,  Alkalinization 

Many  irrigation  projects  also  take  theijr  toll. 
The  causes  vary,  as  discussed  below,  but  world- 
wide an  estiipated  125,000  hectares  of  irrigated 
land  are  lost  from  production  each  year  due  to 
<K^aterlogging,  saliniz^^.tion,  and  alkalinization."^ 
This  loss  rate  amounts  to  only  about  .06  percent 
per  year  of  the  >yorld*s  total  irrigated  land."^  If 
it  remains  constant  through  the  year  2000,  about 
2.7S  million  hectare^  (approximately  1.4  percent 
of  the  world's  total  irrigated  land)  will  be  out  of 
production.  These  losses  have  more  impact  than 
averaged  figures  suggest  because  irrigated  land  is 
almost  always  the  most  productive  land  in  a  given 
region.  But  even  assuming  average  productivity, 
2.7S  million  hectares  represents  the  food  supply 
(with  average  yields)  for  more  than  9'  million  peo- 
ple.* 

Problems  of  waterlogging,  salinization,  and  al- 
kalinization occur  in  arid  regions  where  irrigation  ^ 
systems  supply  water  to  the  soil  faster  than  drain- 
age can  remove  it.  The  excess  water  raises  the 
water  table  to  a  level  near  the  ground  surface. 
Evaporation  brings  dissolved  soil  salts  to  the  sur- 
face  where  they  inhibit  plant  growth  and  form  a 
mineral  crust.  The  water  that  returns  to  local 
streams  and  rivers  is  often  so  laden  with  salts  that 


*A  Department  of  Agfkulture  representative  has  pointed  out 
that  with  higher  yields  (2,000  kilograms)  2.75  million  hectares 
could  feed  more  than  15  miiiion  people.  Furthermore,  even 
when  lands  a^  not  abandoned,  waterlogging,  sahnization,  and 
alkalinization  are  reducing  the  yields  on  ever  larger  amounts 
of  |aod-«nuaIly  and  cumulatively. 


irrigation  downstream  is  impaired  (see  the  water 
section  of  this  chapter  for  further  information  on 
this  point). 

Seepag^  from  unlined  canals  is  often  even  more 
of  a  problem  than  the  water  intended  for  irriga- 
tion. Onal  seepage  may  cause  the  water  table  to 
rise,  waterlogging  the  soil  and  transporting  salts 
from  lower  soil  liorizons  to  the  surface. 

Such  problems  reach  extreme  proportions  in 
Pakistan  even  as  eariy  as  the  1960s.  At  that  time 
in  the  Sind^  one  of  Pakistanis  two  major  prov- 
inces, 49  percent  of  all  agricultural  land  was  mod- 
erately or  severely  Waterlogged,  SO  percent  was 
highly  saline,  and  27  percent  was  moderately  sal- 
ine, according  to  U.N.  data.  In  the  Punjab,  the 
other  major  agricultural  province,  over  30percent 
of  all  agricultural  land  was  reported  suffering  frqm 
salinization*  Massive  soil  reclamation  projects  in 
Pakistan  have  had  some  success,  particulariy  in 
reducing  waterlogging,  but  reclamation  of  saline 
soils  has  been  slow.'" 

The  situation  in  Pakistan  is  far  from  unique.  In 
Afghanistan;  waterlogging,  salinization,  and  al- 
kalinization are  evident  in  most  agricultural  areas.'^ 
In  Argentina,  2  million  hectares  of  irrigated  land 
are  adversely  affected  by  waterlqgging,  saliniza- 
tion, or  alkalinization.''^  And  in  Peru,  300,000out 
of  800,000  hectares  of  copstal  irrigated  land  are 
affected  b>  salinization  or  waterlogging.'^  In  fact, 
virtually  every  nation  with  a  sizable  irrigated  area 
isJiow  adversely  affected  by  these  problems. 

In  the  U.S.,  for  example,  some  of  the  nation*s 
richest  farmlands  are  threatened.  The  San  Joa- 
quin Valley  provides  a  recent,  well-studied  ex- 
ample. About  430,000  acres  (160,000  hectares)  of 
irrigated  farmland  in  the  San  Joaquin  Valley  cur- 
rently aire  affected  by  high,  brackish  water  tables 
that  pose  an  increasingly  serious  threat  to  pro- 
ductivity. Approximately  1.1  million  acres  (450,000 
hectares)— about  13  pcrfcent  of  the  total  valley— 
ultimately^  will  become  unproductive  unless  sub- 
surface drainage  systems  are  installed.  The  salting 
problems,  of  the  Valley  have  been  compared  to 
,  those  that  resulted  in  the  collapse  of  civilization 
in^  Mesopotania  and  Egypt*s  upper'  Nile  when 
,  early  signs  of  agricultural  overproduction  were 
not  heeded.  Loss  of  tb^  productive  capacity  of  the 
San  Joaquin  Valley  lands  ^ould  be  a  serious  loss 
to  the  people  whd  work  them,  to  the  economic 
community  of  the  valley,  to  the  State  of  Califor- 
fiia;  and  tb  the  country  as  a  whole.  The  agricul- 
tural output  of  the  valley  is  now  estimated  at  $4 
billion  annually^..  To  prevent  this  loss,  a  compre- 
hensive system  for  management  and  disposal  of 
the  saline  effluent  of  on-f&rm  subsurface  drainage 
systems  has  been  proposed.'**  Similar  problems 
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are  also  being  observed  in  California's  Imperial 
Valley. 

Reclamation  of  degraded  irrigated  lands  is  a 
slow  and  costly  process,  often  requiring  construc- 
tion of  major  public  works,  dramage,  and  correc- 
tive soil  chemistry  and  structure.  Lands  that  are 
waterlogged  but  have  no  problems  with  accu- 
mulated salts  can  generally^be  restored  by  reduc- 
ing the  water  seepage  rate  and  improving  drainage, 
which  can  be  costly  but  at  least  shows  immediate 
results.  Salinized  and  alkalinized  soils,  on  the 
other  hand,  generally  can't  be  restored  without 
washing  the  accumulated  salts  Out  of  the  soil.  In 
arid  lands  where  such  problems  occur,  passing 
enough  water  through  the  soil  to  carry  away  ex- 
cess soil  salts  is  difficult,  costly,  and  time-consum- 
ing. In  most  instances,  drainage  problems  make 
it  impossible  to  simply  pour  huge  quantities  of 
water  over  the  soil,  and  major  hydraulic  engi- 
neering is  required.  Furthermore,  once  washed 
out,  the  salts  may  reach  ground-water  supplies  or 
become  deposited- in  downstream  regions,  thus 
moving  the  problem  rather  than  solving  it.  In 
many  cases  it  is  only  possible  to  move  the  saks 
down  in  the  soil  profile.  ^  ^ 

In  conclusion,  history  shows  that  when  the  de- 
sert is  made  to  bloom,  it  sometimes  doe^  so  only 
as  a  day  flower  soon  to  wither  under  the  stressful 
interaction  uf  bOil  and  sun.  Poorly  managed  irri- 
gation is  often  a  major  cause.  The  U.N.  Confer- 
ence on  Desertification  has  focused  attention  on 
these  problems,  and  the  ecological  and  techno- 
logical aspects  of  reclamation  and  prevention  are 
beginning  to  be  understood."*  However,  many 
drylands  scattered  across  the  worid  are  showing 
early  signs  of  salinization.  By  2000  these  areas 
may  have  experienced  major  declines  in  fertility 
unless  major  educaional  efforts  are  made  and  cap- 
ital is  provided.  The  technology  fs  available,  but 
high  costs  and  poor  management  (often  including 
no  water  charge,  thus  encouraging  overwatering 
and  inadequately  designed  drainage)  may  signif- 
icantly limit  its  appliction. 

Mforestation 

In  their  natural  state,  most  regions  of  the  globe 
receiving  moderate-to-high  rainfall  would  be  for- 
ested. When  forests  are  cut,  particularly  in  trop- 
ical and  semitropical  lands  (where  rainfalls  are 
violent  and  biochemical  reactions  are  relatively 
rapid)  and  on  steep  slopes  (where  soils  are  usually 
thin  and  easily  eroded),  accelerated  soil  erosion 
occurs,  accompanied  by  increased  seasonal  flood- 
ing, low  flows,  and  siltation. 

Haiti  is  an  example  of  what  advanced  defores- 


tation  can  do  to  an  agricultural  system.  With  a 
tight  5.3  persons  per  arable  hectare,  Haiti  has 
effectively  lost  the  forests  on  its  watersheds. 
Farmers  looking  for  a  small  patch  of  land,  hungry 
cows  and  goats,  and  firewood  gatherers  have  re- 
duced the  country's  forests  to  9  percent  of  their 
original  extent.  Di oughts  and  floods  are  unmod- 
erated  by  forest  buffers;  erosion  is  rampant;  ir- 
rigation and  hydroelectric  systems  are  silting  in; 
and  the  quality  of  the  soils  is  declining."' 

Information  on  watershed  deforestation  from 
U.S.  Embassy  officials  (see  Appendix  C)  and 
from  the  U.S.  Agency  for  International  Devel- 
opment suggests  that  Thailand,  Brazil,  Costa 
Rica,  the  Philippines,  Burundi y  the  Ivory  Coast, 
Burma,  India,  Indonesia,  and  n:iany  other  nations 
may  be  facing  »milar  problems,  at  least  locally, 
>  if  not  on  a  nationwide  scale.  For  example,  the 
U.S.  Embassy  in  Thailand  reports  ihat  under  the 
combined  influences  of  firewood  gathering,  slash- 
and-burn  agriculture,  and  large-scale  illegal 
poaching  of  protected  forests,  the  country's  entire 
forest  area  cover  could  be  effectively  cleared  by 
1987,  and  even  the  most  optimistic  estimates  of 
the  rate  of  destruction  offer  no  hope  of  significant 
forest  stands  in  Thailand  beyond  1993.  As  a  result 
of  its  deforestation,  Thailand  suffers  increasingly 
from  both  flood  and  drought,  and  while  Thai- 
land's arabJe  area  is  still  expanding,  the  general 
impression  left  by  the  U.S.  Embassy  reports 
that  erosion  is  already  serious  and  likely  to  be- 
come more  so. 

As  will  be  discussed  more  fully  in  the  forestry 
section  of  this  chapter,  deforestation,  particulariy 
of  mountain  sIof>es  forming  the  watersheds  to 
heavily  populated  agricultural  regions,  appears 
likely  to  create  serious  ob^acles  to  achieving  the 
food  projections  summarized  above,  and  hence 
also  to  the  fulfillment  of  basic  food  needs  for  tens 
of  millions  of  the  world's  people. 

Gffleral  Erosion 

Given  the  scen^ios  developed  in  the  agricul- 
tural forecasts  in  this  volume,  it  can  be  anticipated 
that  hydrologic  destabilization  will  increase  rates 
of  erosion  and  loss  of  soil  organic  matter  through 
the  year  2000.  By  that  time  many  croplands  that 
are  now  producing  well  will  be  facing  serious  soil 
problems  if  current  cultivation  practices  continue. 

Because  com  (maize)  is  relatively  poor  at  hold- 
ing soil,  the  corn-growing  lands— about  7.5  per- 
cent of  all  lands  in  cultivation,  producing  roughly 
one-fifth  of  the  worid's  grain— will  fare  the  worst. 
The  United  States,  as  the  worid's  largest  corn 
producer,  is  in  particular  danger. 
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The  U.S.  Soil  Conservation  Service  considers 
sou  iostet  of  1  ton  per  acre  for  shallow  soils  and 
S  tons  per  acre  for  deqp  soils  to  tie  the  maximum 
that  can  be  sustained  annually  without  harming 
productivity.  Although  difficult  to  estimate,  the 
extent  to  which  soil  losses  exceed  this  figure  ap- 
pean  to  be  great.  For  example,  a  survey  of  283 
U.S.  farms  in  the  Midwest,  Great  Plains,  and  Pa- 
cific Northwest  recently  conducted  by  the  General 
Accounting  Office  (GAO)  found  that  84  percent 
had  annual  soil  losses  in  excess  of  S  tons*  per 
acre."*  In  Iowa  and  Illinois,  the  two  com*domi- 
nated  states  c6vered  by  the  GAO  study,  half  the 
fanns  surveyed  lost  betwen  10  and  20  short  tons 
per  acre  per  year.  These  findings  are  consistent 
with  those  of  othir  studies."* 

Gently  sloping  lands  planted  to  com,  millet,  or 
cotton  often  lose  as  much  as  20  tons  of  soil  per 
acre  per  year,  at  which  rate  they  will  have  lost 
approximately  3  inches  of  soil  by  the  year  2000.^ 
Steeper  slopes  might  double  or  even  quadruple 
these  figures  and  conceivably  experience  soil 
losses  of  6  inches  to  a  foot  or  more  by  the  year 
2000  wherever  the  main  crop  does  not  provide 
good  soil  cover.  The  significance  of  these  losses 
depends  on  local  soil  depths,  but  to  date  the  se- 
-  riousness  of  such  losses  have  been  masked  largely 
by  energy  subsidies  in  terms  of  fertflizer»-»sub- 
sidies  that  will  be  increasingly  expensive  and  dif- 
ficult to  maintain  in  the  decades  ahead. 

Wheat  is  relatively  good  at  holding  soil.  Five 
to  10  tons  of  soil  loss  per  acre  per  year  are  com- 
monly reported  losses  for  wheat,  at  which  rate 
an>roximately  l.S  inches  of  soil  could  be  lost  by 
the  year  2000.**  Terraced  rice  cultiviation  appears 
to  be  the  most  soil-conserving  of  all.  It  has  been 
calculated  that  Chinese,  Japanese,  and  Korean 
practices  may  add  more  to  the  soil,  through  ad- 
dition of  canal  dredging  to  the  fields,  than  is 
washed  away."'  Very  low  rates  of  erosion  can  also 
be  attained  by  crop  rotations^  such  a^  alternative 
plantings  of  com,  wheat,  and  clover,  which  re- 
store organic  matter  and  keep  the  earth  well  cov- 
ered at  nu>st  times. 

Loss  of  organic  matter  follows  trends  similar  to 
those  observed  for  erosion.  It  is  particularly  se- 
vere with  crops  such  as  com  and  soybeans,  which 
do  not  provide  a  dense  soil  cover  or  sodlike  root 
stnlcture.  Organic  matter  is  also  lost  if  crop  res- 
idues are  burned  to  protect  crops  against  disease, 
aff  they  often  are  in  the  U.S.,  or  if  crop  residues 
and  manure  are  used  as  futl,  as  they  are  increas- 
ingly in  developing  regions  faced  with  firewood 
shortages.  Rotation  schemes,  fallow  periods,  and 
green  manuring  can  reduce  losses  or  permit 
buildup.  However,  until  1973  relatively  inexpen- 


sive chemical  fertilizers  and  high  crop  prices  dis- 
couraged fallowing  and  encouraged  continuous 
cropping.  Since  1973  fertilizer  prices  have  risen, 
but  although  the  Global  2000  Study's  energy  pro- 
jections suggest  that  the  price  of  energy-intensive 
fertilizers  will  increase  significantly  in  the  years 
ahead,  the  high  effectiveness  of  chemical  fertil- 
izers may  continue  to  make  the  use  of  organic 
fertilizers  less  attractive. 

Loss  of  organic  matter  is  critical  for  two  rea- 
sons: (1)  organic  matter  serves  to  retain  soil  struc- 
ture and  moisture,  and  (2)  breakdown  of  soil 
organic  matter  adds  carbon  dioxide  to  the  atmos- 
phere,.potentially  leading  to  climatic  change.  As 
shown  in  Figure  i3-3,  the  pool  of  carton  in  soil 
systems  is  thought  to  be  larger  than  that  in  forests 
and  living  organisms.  The  effects  of  converting 
fixed  carbon  in  both  forests  and  soil  systems  to 
carbon  dioxide  are  discussed  above  in  the  climate 
section  of  this  chapter. 

wca  to  Development 

When  land  is  subjected  to  the  intense  uses  char- 
acteristic of  urban  and  industrial  development,  it 
is  in  effect  permanently  lost  for  food  production. 
Furthermore,  urban  and  industrial  developments 
are  often  located  on  some  of  a  nation's,  or  the 
world's,  best  agricultural  land— rich,  irrigated, 
alluvial  soils  in  gently  sloping  river  valleys.  Such 
lands  lost  to  urban  and  industrial  growth  often 
involve  taking  lands  out  of  production  and  there- 
fore represent  an  aciml  loss  of  production  as  op- 
posed to  a  potential  loss. 

The  loss  of  both  producing  and  potentially  pro- 
ducihg  land  has  serious  implications  for  food-im- 
porting nations.  For  example,  the  total  irrigated 
land  in  Egypt  has  remained  virtually  unchanged 
.  over  the  past  two  decades.  Old  jf>roducing  lands 
are  lost  to  devel(^ment  almost  as  fast  as  addi- 
tional hectares  are  irrigated  with  water  from  the 
Aswan  Dam.*" 

The  worldwide  losses  of  agricultural  land  to 
development  are  difficult  to  estimate  on  the  basis 
of  the  limited  data  now  available.  A  recent  report 
by  Lester  Brown,  President  of  Woridwatch  Insti- 
tute, brings  together  most  of  what  is  now  known.^ 
Brown  projects  that,  if  present  trends  in  urban 
develofmient  and  growth  continue,  development 
between  197S  and  2000  will  claim  25  million  hec- 
tares df  cropland.  While  this  is  only  about  2  per- 
cent of  the  worid  crop  base,  i;  is  enough  land 
(assuming  even  average  productivity)  to  feed 
some  84  million  people. 

Increases  both  in  urbanization  (growth  of  the 
urban  population)  ar  d  suburbanization  (the  geo- 
graphical spread  of  urban  settlements)  have  ac- 
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TABLE  13-18 

Loss  of  Agricultural  Lwids,  1960-2000,  Selected 
Industrialized  Countries 


Average  Annual 

Projected 

Rate  of  Loss 

Cumulative  Loss 

1960-70 

1978-2000 

Percent 

Austria 

U.  lo 

5 

Beigium  - 

1.23- 

24 

Denmark 

6 

Finiaod 

0.28* 

6 

France 

0.18 

4 

▼▼CTi  vieiifiany 

0.25 

5 

JafN^i 

0  73* 

15 

^cincrianus 

048* 

10 

New  Zealand 

0  05 

1 

Norway 

0  15 

3 

Sweden 

0  33 

7 

Turkey 

0,04 

1 

United  Kingdom 

0.18 

4 

United  States 

(exciuUmg 

AiaskA) 

'  0.08 

2 

Weighted  total 

2.5 

Sourcf  1960-70  data  from  Orptiuaiior  for  Economic  Cooperation  amJ  Devtl 
ovmctrt.lnterfuturfs  ch  13.' Phyiicat  Enviroometit,'  Paris.  May  16  IVT?  (draft), 
P  22 

'1959-70       *  1959-69       «  1965-75       *  1966-72 

celerated  the  rate  at  which  agricultural  land  is  lost 
to  development.  A  recent  study  by  the  Organi- 
zation for  Economic  Cooperation  and  Develop- 
nient  (OECD)  indicates  that  in  the  OECD 
(industrialized)  countries  urban  land  area  has 
been  erowing  about  twice  a^  fast  as  the  popula- 
tion.^ This  trend  is  due  in  part  to  sprawling  res- 
idential patterns.  In  1972  each  additional  U.S. 
suburbanite  required  0.15  hectares  of  land  (0.09 
hectares  of  which  was  taken  out  of  cultivation)  for 
development  purposes.  This  loss  is  nearly  half  the 
average  agricultural  land  per  capita  (0.19  hec- 
tares) projected  for  the  LDCs  by  the  year  2000.^' 
On  a  percentage  basis,  even  higher  loss  rates  are 
being  experienced  in  some  industrialized  nations 
(see  Table  13-18).  Surveys  in  developing  coun- 
tries show  lower  per  capita  land  losses  to  devel- 
opment, but  the  high  rates  of  populatiorr  growth 
and  the  limited  amounts  of  prime  farmlands  are 
likely  to  make  such  losses  equally  important  in 
the  LDCs. 

In  the  face  of  rising  energy  costs,  it  is  unclear 
whether  the  trend  toward  urban,  suburban,  and 
industrial  sprawl  will  continue  or  reverse.  Energy 
concerns  will  gradually  encourage  both  greater 
compactness  (for  the  efficiency  needed  by  large 
centralized  energy  facilities)  and  more  decentral- 
ization (for  the  more  diffused,  land-intensive,  and 


self-sufficient  settlement  patterns  that  efficiency 
use  solar  and  other  small-scale  renewable  sources 
of  energy,  such  as  windmills,  biogas  plants  and 
biomass).  However  these  forces  eventually  bal- 
ance out,  it  seems  likely  that  significant  amounts 
of  land  will  be  removed  from  cultivation  or  po- 
tential cultivation  between  now  and  200".  The 
OECD  countries  again  provide  an  example.  Should 
1960-70  rates  of  land  loss  continue,  the  OECD 
countries  wi(l  have  lost  an  average  of  2.5  percent 
of  their  agricultural  lands  by  2000,  as  shown  in 
the  table.  A  substantial  port-  n  of  the  higher  cost 
of  food  production  projectet  :  jr  2000  in  Chapter 
6  is  a  direct  result  of  the  costs  of  expanding  arable 
area  to  compensate  for  development  losses. 

Over  and  above  losses  to  urbanization  and  sub- 
urbanization, agricultural  lands  are  being  lost  to 
expanding  rural  populations  and  villages  around 
the  worid.  The  d?ita  available  on  these  losses  are 
limited.  Lester  Brown,  who  finds  evidence  that 
villages  frequency  expand  onto  cropland,  reports 
that  India,  a  nation  of  600,000  villages,  projects 
nonagricultural  land  use  to  expand  by  9.8  million 
hectares  (or  60  percent)  between  1970  and  2000.^^ 
Overall,  world  losses  of  agricultural  land  to  village 
expansion  have  not  been  estimated. 

The  food  projections  in  Chapter  6  include  ex- 
plicit consideration^f  land  lost  to  development.* 
The  above  discussion  is  presented  as  support  for 
the  estimates  used  and  cited  in  the  Study's  food 
projections,  although  it  provides  only  an  indica- 
tion of  the  gross  changes  known  to  be  occurring. 

By  the  Year  2000 

This  discussion  of  global  deterioration  of  soils 
has  considered  (1)  desertification,  (2)  wateriog- 
ging,  salinization  and  alkalinization,  (3)  the  ef- 
fects of  deforestation,  (4)  general  erosion  and 
humus  loss,  and  (5)  loss  of  land  to  urbanization 
and  village  expansion.  These  problems  are  widely 
recognized  by  national  and  worid  leaders  and  ef- 
forts are  being  made  to  redu^  rates  of  deterio- 
ration and  to  restore  soils.  The  1977  U.N. 
Conference  on  Desertification  is  an  example  of 
these  efforts. 


*Fn  the  GOL  (grain,  oilseed,  and  livestock)  model  used  by  the 
Department  of  Agriculture  for  the  food  projections,  devel- 
opmeni-related  land  losses  are  specified  as  a  negative  hinction 
of  population  growth.  Specifically,  the  assumed  losses  range 
from  0.03  hectares  per  capiu  in  LDCs  to  0.1  hectares  per 
capiu  in  the  devek>p«d  countries.  The  Department  notes  that 
to  date  Ipsses  of  arable  area  to  devek>pinent  have  been  offKt 
substantially  by  larger  gains  through  settlement  of  new  lands 
or  by  reclamation  of  old  lands.  With  the  supply  of  potentially 
arable  area  finite  and  the  cost  of  reclamation  increasing,  losses 
due  to  development  are  likely  to  become  increasingly  impor- 
tant. 
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Most  instances  ct  soil  deterioration  are  revers- 
ible, at  least  in  theory.  Given  sufficiently  large 
>  oommitments  of  time,  capital,  energy,  technical 
j  knowledge,  and  political  will,  most  land  deterio- 
t  ration  can  be  slowed,  stopped,  or  even  restored. 

I  The  problem  is  that  in  practice  the  time  and 
knowledge  required  and  the  economic,  resource, 

;  <ind  political  costs  involved  make  many  cases  of 
soil  deterioration  virtually  irreversible. 

The  difficulty  in  controlling  the  five  types  of 
land  deterioration  can  be  seen  in  examples  in  the 

'  United  States.  Luther  Carter  has  described  the 
economic  problem  in  part,  noting  that  despite  the 

i  billions  spent  on  it,  the  problem  of  soil  erosion 
persists.^  The  General  Accounting  Office  has 

;  recently  pointed  to  the  need  to  give  soil  conser- 

,  vati(  1  top  priority  in  order  to  meet  future  food 
needs.^  Salinization  continues  to  be  a  threat  to 
important  U.S.  croplands.^  Prime  agricultural 
lands  continue  to  be  lost  to  urban  sprawl,  resource 
development,  roads,  and  shopping  centers.^  The 
Department  of  Agriculture's  Soil  Conservation 
Service  (SCS)  reported  that  in  1975  soil  losses  on 
U.S.  cropland  amounted  to  almost  3  billion  tons, 
an  average  of  about  9  tons  per  acre.  Although 
this  was  excessive,  it  was  less  than  the  estimated 
4  billion  tons  of  topsoil  th^t  would  have  been  lost 
in  1975  if  farmers  had  followed  no  conservation 
practices  at  alK^  The  SCS  report  concluded  that 
to  sustain  U.S.  crop  production  indefinitely  at 
even  present  levels,  soil  losses  must  be  cut  in  half. 
The  SCS  has  developed  a  plan  for  reducing  soil 
losses,  but  the  plan  has  not  been  implemented, 
probably  in  part  because  it  would  lead  to  a  5-8 
percent  increase  in  production  costs.  It  might  also 
reduce  food  output  somewhat  in  the  short  run.^**" 
Not  just  in  the  U.S.  but  throughout  the  world, 
the  fate  of  soil  systems  depends  on  societies*  will- 
ingness to  pay  the  short-run  resource  and  eco- 
nomic costs  to  preserve  soils  for  long-run  benefits. 
Whether  the  soils  of  the  world  will  deteriorate 
further  or  be  reclaimed  will  depend  in  large  part 
on  the  ability  and  willingness  of  governments  to 
make  politically  difficult  policy  changes.  Soil  pro- 
tection requires  a  stable  society  and  well-devel- 
oped institutions.  A  society  stressed  by  warfare, 
hunger,  internal  turmoil,  and  corruption,  or  ob- 
sessed with  modernization  to  the  point  that  it  ig- 
f  nores  the  fate  of  its  agricultural  lands,  will  be 
fortunate  if  the  productivity  of  its  land  does  noi 
diminish  significantly  in  the  decades  ahead. 

The  political  difficulties  cannot  be  overem- 
'phasized.  Often  solutions  to  soil  problems  will 
require  resettlement,  redu'^tion  of  herd  sizes,  re- 
strictions on  plantings,  i  jrms  in  land  tenure, 
and  public  works  projects  that  will  fail  without 
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widespread  cooperation  from  the  agrarian  popu- 
lation. The  costs  will  be  immediately  apparent; 
the  benefits  will  seldom  be  seen  in  less  than  half 
a  decade  and  in  some  cases  may  not  be  apparent 
for  a  generation  or  more.  Unless  a  government 
is  trusted  by  its  people  or  can  afford  to  offer  long- 
term  financial  incentives,  it  will  have  difficulty 
implementing  soil  conservation  programs. 

The  soil  conditions  that  can  be  expected  by  the 
year  2000  are  critically  dependent  on  policy 
changes  during  the  intervening  years.  Assuming 
no  policy  change — the  standaid  assumption  un- 
derlying all  of  the  Global  2000  Study  projec- 
tions— significant  deteriorations  in  soils  can  be 
anticipated  virtuaiiy  everywhere,  including  in  the 
U.S.  Assuming  that  energy,  water,  and  capital  are 
available,  it  'vill  he  possible  for  a  time  to  com- 
pensate for  some  of  the  deterioration  by  increas- 
ing the  use  of  yield-enhancing  inputs  (fertilizer, 
irrigation,  pesticides,  herbicides,  etc.),  but  the 
projected  increases  in  energy  (and  chemical  fer- 
tilizer) costs  will  make  this  approach  to  offsetting 
soil  losses  ever  more  expensive.  Without  major 
policy  changes,  soil  deterioration  could  signifi- 
cantly interfere  with  achieving  the  production  lev- 
els projected  in  this  Study 

Ecological  Effects  of  Fertilizers  and 
Pesticides 

historically,  fertilizer  use  is  correlated  with  the 
use  of  a  number  of  yield-enhancing  agricultural 
inputs  including  pesticides  and  herbicides.  The 
projections  in  Chsipter  6  are  based  on  the  as-' 
sumption  that  growth  in  fertilizer  use  is  repre- 
sentative of  the  growth  in  all  yield-enhancing 
inputs.  Therefore  the  "fertilizer"  projections  are 
intended  to  apply  to  a  full  package  of  yield-en- 
hancing inputs. 

However,  from  arv'ecological  perspective,  fer- 
tilizers and  pesticides  have  very  different  effects. 
It  is  therefore  important  in  the  environmental 
analysis  to  examine  factors  that  might  alter  the 
historic  correlation.  Thus,  the  discussions  that  fol- 
low begin  with  a  brief  consideration  of  some  of 
the  factors  thai  will  influence  the  relative  growth 
of  fertilizers  and  pesticides  and  herbicides.  Fer- 
tilizers are  considered  first. 

Fertilizers 

Chapter  6  projects  that  by  2000  global  use  per 
hectare  of  ''fertilizer '  (as  defined  in  that  chapter) 
will  be  2.6  times  that  of  the  record  levels  reported 
in  the  early  197()s  Usage  in  LDCs  is  projected  to 
quadruple,  and  usage  in  the  centrally  planned  and 
market  economies  is  projected  to  increase  by  fac- 
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tors  bf  2.3  and  2.1  respectively.  Since  the  area 
under  cultivation  is  projected  to  increase  only 
slightly,  the  per  hectare  usage  of  fertilizers  in  all 
regions  can  be  expected  to  increase  at  essentially 
the  same  rates  as  the  total  applications.  Iiv^the 
discussion  that  follows,  it  is  assumed  thai  actual 
fertilizer  use  will  follow  closely  these  inflicative 
**fertilizer"  projections. 

In  assessmg  the  environmental  implications  of 
the  projected  fertilizer  usage,  it  is  important  to 
obtain  some  sense  of  the  magnitude  of  projected 
fertilizer  use  relative  to  natural  flows  of  basic  nu- 
trients. The  Scientific  Committee  on  Problems  of 
the  Environment  (SCOPE)  of  the  International 
Council  of  Scientific  Unions  estimated  in  1976  that 
if  current  rates  of  increase  m  nitrogen  fertilizer 
production  were  to  continue,  synthetic  nitrogen 
fixation— which  then  amounted  to  about  26  per- 
cent of  natural,  terrestrial  fixation —  wr  Id  be 
equal  to  natural  fixation  by  1983."^The^  ecological 
ramifications  of  an  alterat;on  of  this  magnitude 
in  a  basic  nutrient  cycle  are  unclear,  as  are  the 
ramifications  of  the  parallel  and  equally  signifi- 
cant changes  in  the  phosphate  nutrient  cycle. 

While  U.S  Department  of  Agriculture  officials 
regard  the  global  levels  of  fertilizer  use  projected 
for  2000  to  be  safe  when  applied  carefully  by 
trained  personnel,  they  jre  aware  that  improper 
use  leads  to  increased  dangers.  Improper  use  can 
aggravate  rather  than  alleviate  problems  of  \o\\ 
deterioration  and  declining  fertility.  Further- 
more, even  with  careful  application  adverse  ef- 
fects of  fertilizer  usage  have  been  observed,  or 
are  suspected,  in  aquatic  and  marine  systems,  in 
the  atmosphere,  and  in  terrestrial  ecosystems 

Scientific  understanding  of  atmospheric  influ- 
ences is  not  yet  well  developed,  but  it  is  reported 
by  the  National  Academy  of  Sciences  that  nitrous 
6xide  from  fertilizer  usage,  when  it  makes  its  way 
into  the  stratosphere,  reacts  in  a  fashion  that  de- 
pletes the  ozone  layer.  If  this  phenomenon  turns 
out  to  be  serious,  the  world  could  find  itself  in  the 
tragic  situation  of  having  to  support  the  human 
population  at  the  cost  of  subjecting  the  world's 
biota  to  damaging  dosages  of  cosmic  and  ultra- 
violet radiation,  at  least  one  effect  of  which  would 
be  mcreased  incidence  of  skin  cancer  in  human 
beings,* 

From  the  perspective  of  ecology,  the  known 
terrestrial  effects  of  increased  fertilizer  usage  are 
surprisingly  benign  The  addition  of  large  amounts 
of  three  critical  nutrients  (phosphorus,  potassium. 


•Sec  the  climate  section  of  this  chapter  for  further  information 
on  nitrous  oxide  and  other  chemicals  that  deplete  the  ozone 
layer 


and  fixed  nitrogen)  might  be  expected  to  produce 
mytj  changes  in  soils.  The  most  apparent  effect 
is^imply  the  intended  increase  in  plant  growth. 
One  potentially  adverse  effect  concerns  the  ac- 
celerated decomposition  of  organic  matter  in 
soils.  As  nitrogen  is  often  the  limiting  nutrient  for 
decomposition  of  soil  organic 'matter,  increased 
nitrogen  usage  contributes  to  reduction  of  soil 
organic  matter,  thus  degrading  soils  and  contrib- 
uting carbon  dioxide  to  the  atmosphere. 

As  soon  as  virgin  soil  is  plowed,  the  decom- 
position of  its  organic  matter  accelerates,  and  soil 
quality  (especially  tilth,  porosity,  and  water-ab- 
sorbing capacity)  begins  to  deteriorate.  It  was 
once  thought  that  the  application  of  nitrogen  fer- 
tilizer would  rebuild  the  organic  matter  in  crop- 
lands by  stimulating  more  plant  growth,  the 
residue  of  which  would  be  added  to  the  soil."* 
However,  it  was  demonstrated  eariy"**— and  con- 
firmed again  more  recently"^ — that  under  mod- 
ern farming  methods  the  organic  matter  in  soils 
cannot  be  maintained  at  anything  approaching  its 
virgin  state.  Generally,  soil  oYganic  matter  de- 
clines to  an  equilibrium  value  of  40-60  percent  of 
the  orginal  content.  Soil  quality  deteriorates  as 
well.  While  in  most  cases  crop  yields  gan  be  main- 
tained through  the  continual  application  of  chem- 
ical fertilizers,  through  plowing  with  large  heavy 
tractors,  and  thf-ough  irrigation,  the  modc*^'^, 
methods  of  faiming  tend  to  lock  agriculture  into 
a  particular  mode  ot  cultivation  and  resource^al- 
location  if  hich  yields  in  degraded  soils  are  to  be 
maintained."** 

Consequences  of  increased  fertilizer  use  for 
aquatic  systems  are  more  serious  than  terrestrial 
effects  and  include  eutrophication"*  and  nitrate 
contamination  of  drinking  water  supplies."'  The 
phosphorus  component  of  fertilizers  is  thought  to 
contribute  most  to  eutrophication  in  affected 
lakes,  but  nitrog'^n  is  also  important.  Nitrogen 
contributes  most  to  eutrophication  in  coastal 
waters.  More  than  70  percent  of  the  nitrogen  en- 
tering surface  waters  is  from  nonpoint  agricultural 
sources.  Even  the  input  of  nitrogen  from  rain- 
water is  a  sufficient  nutrient  loading  in  some  lakes 
to  support  a  moderate  increase  in  biotic  activity. 
An  important  part  of  the  fixed  nitrogen  in  pre- 
cipitation enters  the  atmosphere  as  a  result  of  am- 
monia volatilization,  chiefly  from  animal  wastes."^ 

The  levels  of  nitrogen  that  pose  hazards  to  hu- 
man health — about  10  milligrams  of  nitrate  per 
liter  of  water — are  roughly  an  order  of  magnitude 
higher  than  the  levels  that  produce  eutiophication 
and  are  relatively  rare  at  the  rates  at  which  fer- 
tilizers are  now  used.  The  primary  population  at 
risk  is  that  of  infants  under  the  age  of  three.  In- 
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fants  consuming  synthetic  mijk  formula  mixed 
with  nitrate-contaminated  wat^r^ini^  experience 
the  toxic  effect  known  as  ih^iitheo^^ 
This  disease  is  readily  diagnosed,,  aiyli$  rapidly 
leveniMe  with  clinical  treatmentv'  AftcK^he  age 
of  3  months,  vulnerability  to  methemoglbbinemia 
decreases  rapidly.  In  the  U.S.,  concentration  of 
nitrates  above  10  milligrams  per  liter  are  rare. 
The  primary  risk  is  from  weltwater  on  or  near 
farms,  especially  in  areas  where  soil  and  hydro- 
lo^c  conditions  favor  the  accumulation  of  nitrate 
in  groundwater. 

While  mortality  from  methemoglobinemia  is 
now  extremely  rare,  the  presence  of  high  levels 
of  nitrate  in  drinking  water  supplies  poses  a  health 
hazard  that  is  already  a  valid  concern  in  at  least 
some  regions  of  the  United  States,  and  the  pro- 
jected doubling  to  quadrupling  of  fertilizer  appli- 
cations by  2000  could  make  this  disease  more 
serious  and  more  widespread.'^ 

IVttiddct  andHerbicides 

The  first  step  in  examining  the  future  environ- 
mental implications  of  pesticides  is  to  assess 
whether  their  usage  globally  is  likely  to  continue 
to  be  correlated  with  the  "fertilizer**  package  pro- 
jected in  Chapter  6.  This  assessment  is  difficult 
because  data  on  pesticide  use  are  not  published 
for  most  countries,  and  thus  it  is  not  possible  to 
quantify  past  trends  in  any  detail  or  to  project 
hiture  developments.  It  is  known  that  a  large  frac- 
tion— probably  more  than  half— of  all  pesticides 
are  applied  to  a  fe^  high-value,  commerci&I  crops 
(especially  cotton,  vegetables,  and  tobacco)  and 
that  demands  for  these  crops  are  expected  to  con- 
tinue growing  steadily.  The  applications  of  pes- 
ticides to  food  grains  are  relatively  small. 

The  Food  and  Agriculture  Organization  suc- 
ceeded in  gathering  some  data  for  the  LDCs  in 
19^5  and  found  that  pesticide  use  in  the  LDCs 
had  increased  by  about  SO  percent  over  the  two 
year  period  1971-73  and  that  consumption  for 
1974-77  was  expected  to  increase  more  slowly,  at 
about  9  percent  per  year.^  These  figures  are  sig- 
nificantly influenced  by  the  heavy  use  of  pesticides 
^  in  India,  Mexico,  and  Argentina.  If  this  slowed 
rate  of  increase  (9  percent  per  year)  continues, 
LDC  pesticide  use  by  2000  would  still  be  more 
than  10  times  the  1971-73'rate.  The  FAO  growth 
.  estimates  are  therefore  considerably  higher  than 
the  "fertilizer"  projection  of  Chapter  6. 

The  FAO  survey  revealed  further  that  half  the 
(lestiddes  used  in  the  LDCs  were  generally  per- 
sistent organochlorines  (DDT,  aldnn,  and  other 
chlorinated  hydrocarbons).  This  is  to  be  expected. 


Though  more  environmentally  damaging,  organ- 
ochlorines are  markedly  less  expensive  in  most 
applications  than  the  less  persistent,  more  specific 
alternatives,  and  are  also  far  safer  for  farmers  to 
apply  because  of  less  short-term  toxicity  to  hu- 
mans. If  the  ponclusion  to  the  food  projections  in 
Chapter  6  is  correct— namely,  that  in  most  LDCs 
food  demands  **are  likely  to  outweigh  problems 
of  the  environment  well  beyond  20ra*  — the  use 
of  DDT  and  other  pen&istent  pesticides  can  be 
expected  to  continue  in  proportions  much  like 
those  ^ound  at  present.^ 

The  future  use  of  pesticides  in  the  industrialized 
nations  is  equally  difficult  to  project  both  because 
of  data  limitations  and  because  of  growing  interest 
in  changing  practices.  The  ''fertilizer**  indicator 
in  Chapter  6  implies  moderate  increases  (by  a 
factor  of  2.1)  over  1971-75  average  consumption 
by  2000.  The  banning  of  DDT  and  other  peisistent 
insecticides  by  much  of  the  industrialized  world 
during  the  last  decade  suggests  that  increases  in 
insectidde  usage  there  will  be  discriminating,  em- 
phasizing compounds  with  less  persistent  ecolog- 
ical effects  tiian  the  compounds  likely  to  be  used 
in  the  LDCs.  Furthermore,  there  is  growing  in- 
terest in  several  industrialized  nations  in  the  tech- 
niques of  integrated  pest  management*  (IPM).^ 
Although  there  is  not  at  this  time  a  prevailing 
policy  to  encourage  IFM,  increasing  pest  resist- 
ance and  simple  economics  may  encourage  a  shif4 
If  widely  applied,  IFM  would  reduce  the  use  of 
pesticides. 

The  rapid  increase  in  the  use  of  herbicides  in 
the  developed  regions  in  the  last  two  decades  can 
be  expected  to  continue.  If  i)o-till  planting,  which 
involves  heavy  use  of  herbicides,  is  widely  adopted 
in  the  next  few  decades — ^and  there  is  reason  to 
expect  that  it  will  be — very  rapid  increases  in  her- 
bicide us&ge  can  be  expected. 

No-till  planting  is  the  practice  of  eliminating 
field  preparation  entirely  and  planting  on  top  of 
the  residue  of  the  previous  crops.  Minimum  tillage 
refiers  to  the  practice  of  minimizing  field  prepa- 
ration—principally plowing,  but  also  tillage  with 
disc  harrows,  drags,  and  cultivators — foi: planting. 
There  are  both  advantages  and  disadvantages  in 
no-till  and  minimum-till  practices.  Crop  residues 


*The  Council  on  Environmental  Quality  defines  integrated 
pest  nuinaf  ement  as  follows:  1PM  employs  a  combination  of 
techniques  to  control  crop-threatening  pests.  Maximum  reli- 
ance is  placed  on  natural  pest  population  controls  anc  a  com* 
bination  of  suppression  techniques— cultural  methods,  pest- 
specific  diseases,  resistant  crop  varieties,  sterile  insects,  at* 
tractants,  augmentation  of  parasites  or  predators,  or  chemical 
pesticides  as  needed. 
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are  often  breeding  places  for  pests,  which  in- 
creases the  need  for  pesticides  or  other  pest  con- 
trol measures.  Fertilizer  placement  options  are 
reduced  and,  as  a  result,  fertilizers  may  be  iaef- 
ficiently  utilized  ^nd  fertilizer  runoff  increased. 
Also,  extensive  use  of  herbicides  is  involved. 
Nonetheless,  no-till  and  hiinimum-till  techniques 
appear  to  have  potential  for  reducing  energy  in- 

^  puts  and  for  conserving  soil  resources.  The  use  of 
these  techniques  has  grown  roughly  300  percent 
in  the  U.S.  since  the  start  of  the  decade.  They 
account  today  for  roughly  a  quarter  of  farmland 
preparation,  and  some  experts  expect  them  to  be 
used  very  extensively  in  the  future. 

What,  then,  are  the  prospects  for  future  utili- 
zation of  pesticides  and  herbicides?  In  the  follow- 
ing discussion,  it  is^assumed  that  world  pesticide 
(and  herbicide)  use  will  increase  at  approximately 
the  same  rates  as  the  ''fertilizer'*  indicator  in  the 
Department  of  Agriculture  projections  in  Chapter 
6,  that  is,  Xfiey  will  more  than  double  over  the 
1975-2000  period.  In  the  LDCs  the  increase  h 
likely  to  be  fourfold,  and  possibly  as  much  as  six- 
fold if  the  FAO  estimated  increase  of  9  percent 
per  year  is  sustained. 

The  environmental  problems  anticipated  from 
increases  in  pesticide  use  are  suggested  by  prob- 
lems that  have  already  occurred  and  can  be  ex- 
pected to  continue.^  They  include:  (1)  biological 
amplification  and  concentration  of  persistent  pes- 
ticides in  the  tissues  of  higher-order  predators, 
including  humans;  (2)  development  of  increased 
resistance  to  pesticides  by  numerous  insect  pests, 
and  hence  possible  declines  in  yields  through  in- 
creased vulnerability  to  pests;  (3)  destruction  of 
natural  pest  controls  such  as  insect-eating  birds 
and  predatory  insects,  and  hence  further  increases 
in  the  cost  of — and  decreases  in  the  effectiveness 
of— preventing  crop  losses  caused  by  pests;  (4) 

.  emergence  of  new  pests  previously  not  trouble- 
some; and  (S)  increased  poisonings  of  farm  work- 
ers and  families  from  nonpersistent  pesticides. 

The  first  of  these  problems,  biological  ampli- 
fication (or  concentration),  is  familiar  because  ot 
the  extensive  attention  it  received  (due  ir.itially 
to  the  pioneering  work  of  Rachel  Carson)  in  the 
years  preceding  the  bans  in  several  developed 
countries  on  the  use  of  DDT.*  Here  it  is  appro- 
pribC*^  to  note  only  that  biological  concentration 
is  a  continuing  problem.  Although  monitored  con- 
centrations of  DDT  ip  the  environment  have  been 
shown  to  be  declining  in  those  industrialized  coun- 
tries that  have  banned  DDT,^  concentrations  are 

•For  some- uses,  that  is.  The  bans  do  not  prevent  the  use  of 
DDT  for  controlling  health-threatening  insect  vectors 


virtually  certain  to  continue  to  increase  in  those 
LDCs  where  DDT  is  stiil  being  used  extensively. 
Unfortunately,  very  little  information  is  available 
on  DDT  concentrations  in  LDC  environments 
because  almost  no  monitoring  is  being  done. 

The  second  problem,  biological  resistance,  has 
received  less  popular  attention  than  the  first,  but 
is  equally  important.  Biological  resistance  to  pes- 
ticides develops  in  pest  species  because  repeated 
pesticide  usage  places  species  under  an  evolution- 
ary pressure  such  that  those  individuals  in  a  pest 
population  that  possess  some  immunity  to  pesti- 
cides are  the  most  likely  to  survive  and  reproduce. 
Malaria-transmitting  mosquitoes,  plant-eating 
mites^'^  and  other  insects  that  have  been  regularly 
exposed  to  pesticides  are  showing  great  genetic 
flexibility  in  developing  tolerance  or  resistance  to 
insecticides.  The  three  examples  that  foll'^w  were 
selected  from  the  many  available  and  illustrate 
the  seriousness  of  this  problem. 

1.  In  California,  a  state  that  makes  heavy  use 
of  pesticides,  a'  large  number  of  pest  species  at- 
tacks crops.  Of  this  large  number,  25  species  have 
been  foun^d  to  cause  major  damage  (i.e.,  losses 
of  $1  million  or  more  per  species  in  1970).  The 
genetic  flexibility  of  these  species  is  indicated  by 
the  fact  that,  at  some  location  in  the  world,  21  of  " 
those  25  species  have  been  found  to  be  resistant 
to  one  or  more  pesticides:  16  to  DDT,  16  to  or- 
ganophosphates,  and  10  to  cyclodines.  In  Cali- 
fornia alone,  17  of  the  25  species  were  found  to 
be  resistant  to  one  or  more  types  of  insecticide.^ 

2,  Disease  vectors  that  have  been  heavily  con- 
trolled by  use  of  insecticides  have  shown  great 
ability  to  tolerate  their  intended  poisons.  The 
National  Academy  of  Sciences  (using  World 
Health  Organization  data)  documents  the  crow- 
ing number  of  vector-insect  species  (e,g.,^ody 
lice)  showing  tolerance  to  inrportant  pesticides 
over  an  extended  period,  as  shown  in  the  follow- 
ing table."' 


Organo- 
phosphate 


DDT 

Dieldrin 

Compounds 

Total 

1556 

27 

25 

1 

33 

1962 

47 

65 

8 

81 

1969 

55 

S4 

17 

102 

1974 

61 

92 

27 

109 

Of  the  anopheline  (malarial)  mosquitoes,  41  have 
been  found  resistant  to  dieldrin  and  24  to  DDT. 
One  species,  Anopheles  albimanus  Wiederman, 
has  become  resistant  not  only  to  dieldrin  and 
DDT  but  to  malathion  and  certain  other  or- 
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ganophosphate  and  carbonate  insecticides,  thus 
showing  itself  resistant  to  all  the  major  chemical 
groups  that  are  used  to  combat  malaria  vectors. 
If  pesticide  resistance  becomes  widespread  in 
other  sfiecies  of  malarial  mosquitoes,  control  of 
malaria  would  be  badly  hampered,  and  its  inci- 
dence could  be  expected  to  rise  sharply. 

3,  Cotton,  which  receives  about  50  percent  of 
all  the  pesticides  applied  in  the  U.S,,**^  now  at- 
tracts several  pests  that  have  developed  immunity 
to  all  currently  available  and  registered  pesticides. 
In  cotton-growing  districts  across  Central  Amer- 
ica, the  U.S.  Southwest,  Southern  California,  and 
Australia,  the  situation  has  become  so  severe  that 
growers  in  many  places  have  been  forced  either 
to  give  up  cotton  growing  or  to  shift  to  integrated 
pest  management  techniques.  Some  districts  have 
endured  the  coot  of  as  many  as  30-50  pesticide 
applications  a  year  to  a  single  crop.^ 

As  long  as  pesticides  are  used,  pest  resistances 
can  be  expected  to  continue  to  develop.  By  the 
year  2000  there  will  almost  certainly  be  more  pes- 
ticide-resistant  pests  and  more  crops  for  which 
there  are  no  effective,  pesticides.  There  will  also 
be  more  registered  pesticides.  How  the  continuing 
struggle  with  insect  pests  will  stand  in  2000  will 
depend  on  pest  control  policies,  chemical  tech- 
nologies, and  biological  technologies.  Newer  pes- 
ticides are  generally  more  selective,  but  also  more 
expensive  than  those  they  replace .  The  techniques  * 
of  integrated  pest  management  offer  oew  hope,^' 
but  the  transn^ittal  of  these  techniques  requires 
a  significant  amount  of  field  and  laboratory  re- 
search on  insect  ecology,  and  therefore  commit- 
ments of  both  time  and  money.  Also  IPM  methods 
depend  heavily  on  the  very  species  most  seriously 
threatened  by  pesticides — the  beneficial  insect 
species  that  prey  upon  agricultural  pests. 

The  third  problem  of  increased  pesticide  use  is 
simply  that  pesticides  destroy  natural  pest  con- 
trols. The  discussion  here  focuses  on  predatory 
insects,  but  insect-eating  birds  are  also  affected. 

Insecticides  are  usually  more  damaging  to  pred- 
ator insect  species  than  they  are  to  pests,  because 
(1)  predators  may  be  poisoned  through  ingesting 
poisoned  pest  species  as  well  as  directly  through 
the  effects  of  the  pesticide*;  (2)  since  predator 
populations  are  always  less  numerous  and  gen- 
erally less  fecund  than  their  prey,  predator  pop- 
ulations have  less  genetic  material  from  which  to 
develop  immunities  to  pesticides,  take  longer  to 
regain  their  numbers  after  insecticide  application. 


*In  general,  predators  arc  more  susceptible  to  pesticides  than 
the  pest  species  they  hunt 


and  face  a  higher  probability  of  being  reduced  to 
such  a  low  level  that  they  cannot  recover;  (3)  the 
predator  species  are  eliminated  both  directly 
through  the  effects  of  insecticides  and  indirectly 
through  the  loss  of  their  norm.  )  food  when  the 
insects  on  whi^rh  they  feed  are  eliminated. 

Often  predatory  insects  are  made  locally  extinct 
through  pesticide  applications.  When  predatory 
insects  are  eliminated,  herbivoKOus  pest  species 
multiply  rapidly  leading  to  severe  pest  outbreaks. 
Farmers  often  respond  to  such  outbreaks  with  still 
heavier  application  of  pesticides,  reducing  further 
the  chances  that  predator  species  might  be  rees- 
tablished. 

Also,  in  such  predator-free  environments,  spe- 
cies that  have  previously  been  benign  become 
niajor  pests.  Mites,  which  are  now  major  pests  in 
fruit  culture,  became  pests  only  after  the  start  of 
heavy  use  of  pesticides  in  fruit  cultivation.  Similar 
histories  can  be  found  for  many  insect  species, 
including  Hessian  flies,  and  several  major  pest 
species  orthe  cotton  plant.  Insecticides  are  prob- 
ably largely  responsible  for  new  insect  pests  in 
agricullure,^ 

Successive  developments  of  biological  resist- 
ance and  releases  of  new  pest  species  will  decrease 
the  effectiveness  of  the  projected  increases  in  pes- 
ticide use.  Diminishing  returns  on  pesticide  in- 
vestments can  go  on  only  so  long  before  crop 
losses  will  force  a  major  change  in  strategies  of 
pest  control  The  techniques  of  integrated  pest 
management"'  and  biological  controls  appear 
now  to  offer  good  alternatives.  Although  there 
are  as  yet  few  policy  commitments  to  IPM  or  bi- 
ological controls,  interest  is  growing. 

By  the  Year  2000 

The  pressure  to  increase  agricultural  yields  is 
projected  to  more  than  double  the  application 
rates  of  nitrogen  and  phosphorous  fertilizers  and 
pesticides.  This  growth  in  fertilizer  use  implies 
that  before  2000  the  annual  industrial  rate  of  fix- 
ing of  nitrogen  for  agricultural  purposes  will  \X' 
ceed  the  total  global  rate  of  nitrogen  fixation  by 
natural  systems.  The  full  implications  of  a  modi* 
fication  of  this  magnitude  in  a  basic  nutrient  cycle 
are  not  clear  and  have-not  yet  been  studied  care- 
fully, but  potentially  adverse  effects  are  known 
or  sufpected.  Nitrate  contamination  of  fresh  water 
supplies  and  eutrophication  of  fresh  and  estuarine 
waters  are  among  the  adverse  effects  known  to 
be  possible,  and  potentially  serious  reductions  in 
the  atmospheric  ozone  layer  are  suspected  by 
some  knowledgeable  scientists.  The  increased  use 
of  pest    les  can  be  expected  tocontinue  to  reduce 
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pest  populations,  but  with  diminishing  returns 
since  insect  resistances  to  pesticides  will  continue 
.  to  develop  and  predatoi  populations  will  continue 
to  be  depleted.  By  2000  the  techniques  of  inte- 
grated pest  a.dnagement  and  biological  controls 
may  be  in  much  wider  use  th^*'  today. 

The  overall  environmental  impacts  are  difficult 
to  estinidte  because  so  many  uncertain  variables 
are  involved.  Rising  food  prices  (where  people 
can  afford  to  pay  them)  may  allow  producers  to 
endure  the  Sigher  costs  of  increased  pesticide  use 
at  diminished  returns;  increased  resistance  to  pes- 
ticides may  increase  losses,  thereby  increasing 
food  prices  still  more;  or  increased  pesticide  prices 
may  make  IPM  more  competitive.  The  rate  at 
which  pest  resisiance  will  diminish  returns  on  in- 
vestments in  chemical  controls  will  depend  both 
on  tne  way  the  chemicals  are  used  and  on  the 
progress  of  chemical  f^chnology  in  finding  new 
insecticides.  New  chemical  pesticides  will  be  de- 
veloped but  will  require  time  and  money  for  reg- 
istration, adoption,  and  applicat  on 

There  are  similar  uncertainties  for  (he  variables 
relating  to  fertilizers.  Will  the  LDCs— where  the 
marginal  returns  on  fertilizer  investments  are 
greatest— be  able  to  afford  fertilizers?  How  se- 
rious a  threat  do  fertilizers  pose  for  the  upper 
atmosphere?  How  far  and  how  rapidly  will  the 
biologically  based  technologies  for  nitrogen  fixa- 
tion develop  and  be  applied? 

With  all  this  uncertainty,  it  is  not  possible  to 
project  precisely  how  these  variables  will  develop 
over  the  next  two  decades.  It  is  Only  possible  to 
note  that  the  foreseeable  trend  is  one  of  heavy 
and  increasing  dependence— oftei.  with  diminish- 
ing returns— on  both  synthetic  fertilizers  and 
chemical  pesticides  The  potentially  adverse  at- 
mospheric effects  associated  with  continued  heavy 
dependence  cn  synthetic  ferMlizers  is  one  of  the 
most  understudied  and  potentially  serious  global 
environmental  questions.  Pest  control  strategies 
also  fieed  much  further  study.  Many  experts  feel 
that  strategies  based  on  biological  controls  and 
integrated  pest  management  offer  much  greater 
possibilities  for  improvement  than  do  chemical 
technologies  alone,  and  a  gradual  shift  toward  in- 
tegrated and  biological  control  techniques  seems 
probable  in  both  the  mdustrialized  countries  and 
the  LDCs. 

Crop  Vulnerability:  Genetic 
Considerations 

With  only  modest  increases  in  arable  land  ex- 
pected, the  food  projections  imply  strong  pres- 
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sures  to  continue  increasing  yields  through  genetic 
technologies.  Following  two  decades  of  develop- 
ments in  agpcultural  genetics,  two  trends  can  be 
expected  in  response  to  the  continumg  strong 
pressures.  Tb^  first  is  foi  uMher  genetic  improve- 
ments in  key  plant  and  animal  species  to  raise 
yields.*  Developments  in  this  area  will*  entail 
greater  dependence  on  inbred  strams  manifesting 
a  high  degree  of  genetic  uniformity.  The  second 
trend  is  ihe  shift  toward  monoculture  cultivation 
of  a  few  relatively  high-yielding.  low-cost,  slaple 
food  crops.  Toge^her,  these  two  trends  wil'  lead 
to  further  genetic  hybriding  and  further  replace- 
ment of  lower  yielding,  diversified  cropping  pat- 
terns with  eyfensive,  often  contiguous,  patterns. 
The  short-term  effect  will  be  .ncrcased  yields,  but 
in  the  long  run,  questions  of  crop  vulnerability 
must  be  considered. 

These  two  factors — dependence  on  inbred  strains 
and  the  shi^(  toward  monoculture  cultivation — 
have  become  more  closely  interrelated  over  the 
past  two  dfcac'*^s  as  pressure  to  expand  food  pro- 
duction has  grown.  It  has  been  estimated  that  by 
the  e^i'^'v  1970s  over  four-fifths  of  the  world's  food 
supplies  V.  -  e  derived  irom  less  than  two  dozen 
plant  ariu  anini^l  species.  ^  One  expert  estimates 
that  as  much  as  four-fifths  of  the  world  s  popu- 
lation depends  for  ustenance  on  wheat  or  rice.  ^ 
The  exact  figures  are  not  h.iportant  The  point  is 
that  the  already  narrow  genetic  base  of  the  world's 
major  food  crops  may  become  even  more  narrow. 
Plant  diseases  are  constantly  evolving  wa)3  to 
overcome  plant  resistances,  requiring  plant  breed- 
ers to  develop  new  resistant  strains.  The  tens  of 
thousands  of  genotypes  of  the  major  crop  species 
are  the  raw  materials  from  which  plant  breeders 
work,  and  these  stocks  of  genetic  raw  materials 
are  being  reduced  as  n:  al  habitats  are  lost.  In- 
creased reliance  on  a  narrowing  gene  pool  and 
more  extensive  monoculture  of  food  staples  could 
lead  to  sudden  unanticipated  widespread  losses 
in  world  food  production.  How  likely  and  how 
serious  is  such  a  disaster?  There  is  no  easy  or 
precise  answer  to  the  question.  Past  history  sug- 
gests that  the  probability  of  a  major  genetic  failure 
is  low  but  increasing. 

The  following  paragraphs  discuss  three  aspects 
of  increasing  genetic  vulnerability.  The  first  is 
historic  in  nature.  Past  examjjjes  demonstrate 
both  the  difficulty  of  controlling  pest  or  disease 
infections  in  areas  of  extensive  monoculture »  and 


•Questions  arc  being  raised  as  to  how  much  further  yields  can 
be  increased  by  genetics  and  technology  Sec  for  example  N 
F  Jensen.  ** Limits  to  Growth  m  World  Food  Production." 
Saence,  July  28,  1978.  pp  317-20 
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the  severe  implications  of  failures.  The  second 
'^pH  third  aspects  relate  to  concerns  voiced  by 
^-neticists  themselves:  that  present  trends 
\k.\  niform  strains  and  loss  of  genetic  reserves 
:ou»-  iis«  ♦he  frequency  and  sever  y  of  oest-re- 
d  u.id  disease-related  crop  failures  signifi- 
V .  :tly  by  2000,  and  that  the  costs  of  even  relatively 
minor  genetic  failures  (genetic  in  the  sense  that 
a  crop  population  is  genetically  unable  to  protect 
itself  from  pathogens  and  pests)  may  ultimately 
outweigh  gams  from  genetically  increased  yields, 
even  if  major  catastrophes  do  not  occur.  Such  a 
development  would  be  a  catastrophe  by  itself, 
eventually. 

Historical  Examples 

One  of  the  best  kn^wn  examples  of  a  genetic/ 
monoculture  crop  failure  is  the  massive  failure  of 
potato  crops  of  the  1840$  in  Ireland  and  Europe. 
An  estimated  2  million  people  starved  to  death 
in  the  wake  of  the  blight,  and  a  similar  numi^er 
were  forced  to  emigi  ate .  ^  The  potato  famine  was 
not  a  unique  phenomena;  there  are  many  other 
example^.  Wheat  rust  epidemics  have  caused  lo- 
caliz-^d  famines  since  the  Middle  Ages.  The  Eu- 
ropean wine  inaustry  was  nearly  destroyed  three 
times  in  the  last  century  by  three  different  plant 
diseases.  Between  1870  and  1890  coffee  rusv  trans- 
formed Ceylon  from  the  world's  largest  coffee- 
growing  nation  into  a  country  unfit  for  coffee- 
growing.  Shortly  after  the  turn  of  the  century,  two 
separate*  highly  destructive  epidemics  struck  the 
wid  cultivated  Gros  Michael  banana."'  A  fun- 
gus *  /astated  the  Bengali  rice  crop  in  1942,  lead- 
ing to  the  deaths  of  tens  of  thousands."^  In  1946 
a  large  fraction  of  the  U.S.  oat  crop,  which  was 
comprised  almost  entirely  of  a  strain  called  Vic- 
toria, was  lost  to  a  fungus  epidemic.  While  these 
genetically  related  crop  failures  have  all  had  very 
serious  impacts  on  the  human  populations  in- 
volved, some  genetic  failures  have  been  even 
more  damaging  ecologically.  For  example,  the 
American  chestnut  is  virtually  extinct  due  l  )  the 
chestnut  blight,  and  elms  are  becoming  ever  scar- 
cer due  to  Dutch  elm  disease. 

Serious  outbreaks  o.  genetically  re^ated  crop 
diseases  continue.  For  example,  after  existing  as 
a  minor  disease  for  14  years,  race  15B  of  the  wheat 
stem  rust  eru.Med  in  the  early  1950s  into  a  full- 
blown epidemic.  It  destroyed  75  percent  of  the 
Durham  vari^.iy  in  the  1953  U  S  sprinp  wheal 
crop  as  well  as  35  pe'-cent  of  the  bread  wheat  crop 
in  that  season. ^ 

Another  exaftipl'  xurred  in  1970.  A  corn  fun- 
gus disease.  Helminthosponum  maydts.  reached 


epidemic  proportions  in  large  areas  of  the  corn 
belt.  An  estimated^  80  percent  of  U  S.  corn 
acreage  was  highly  susceptible  because  of  both 
the  genetic  composition  of  the  corn  and  the  con- 
tiguous monoci»'*ure  used  across  large  areas  of 
the  states  invoke  ^.  The  disease  did  not  spread  to 
all  susceptible  areas,  but  it  did  manage  to  reduce 
U  S.  corn  production  by  15  percent  {710  million 
bushels).  It  IS  no  exaggeration  to  call  the  response 
of  the  seed  co'  industry  heroic.  There  is  a  fas- 
cinating story  c.  efforts  to  locate  stocks  of  normal 
cytoplasm,  which  were  then  in  short  supply.^  If 
the  U.S.  seed  industry  had  not  been  sufficiently 
adaptable  in  developing  a  technical  fix— it  re- 
placed approximately  80  percent  of  its  sales  with 
an  alternative  (and  much  harder  to  produce)  prod- 
uct*— losses  in  1971  and  1972  might  have  been 
much  greater  than  in  1970  ^  Nonethele'.  .  the 
effect  on  the  price  of  seed  was  significant.  The 
price  of  seed  corn  in  1970-71  was  $18-$25  per 
bushel;  the  mean  price  was  $20.  The  price  has 
risen  steadily  ever  since  to  a  mean  of  $48  per 
bushel  during  the  1976-77  season, This  140  per- 
cent increase  is  due  in  large  part  to  the  increased 
difficulty  of  producing  blight-resistant  seed. 

The  Danger  of  Present  Trends  Toward 
Monoculture  and  Genetic  Uniformity 

It  is  almost  always  the  case  that  a  hard  fight  on 
one  front  means  fewer  defenses  elsewhere.  So  it 
IS  generally  with  breeding  plants  for  high  yields. 
Modern  plant  breeding  is  based  largely  on  the  use 
of  inbred,  uniform  strains,  ^  and  the  most  inbred 
strains  appear  to  have  weakened  in  their  natural 
resistance  to  pathogens  and  pests.  The  inbred 
products  ihdnifest  a  high  degree  of  genetic  uni- 
formity. The  increasing  cultivation  of  strains  of 
high-yield  varieties  will  result  in  gr^at  increases 
in  the  degree  of  genetic  uniformity  of  major  crops 
throughout  the  world.  A.  a  result  the  fraction  of 
the  crop  at  risk  in  the  event  of  a  trait-specific 
epidemic  will  also  increase,  as  will  the  ease  with 
which  disease  or  insect  pests  can  spread  across 
large  areas  of  contiguous  monoculture.  As  a  re- 
sult, the  probable  geographic  extent  of  the  epi- 
demic may  expand  in  the  years  ahead. 
Furthermore,  since  water  enhances  the  transmis- 
sion of  many  plant  diseases,  the  projected  in- 


*The  vulnerable  strain  in  this  case  was  a  male-sterile  cyto- 
plasm, which  allowed  the  breeder  to  cross  strains  in  the  field, 
using  natural  pollination  "ather  than  employing  an  expensive 
manual  process  to  avoid  self-fertihzation  of  the  two  strains 
The  fungus  forced  the  seed  industry  to  go  back  to  hand  dc- 
iasscling  (C  E  Yarwood.  "Man-Made  Plant  DiscascSv*  Sci- 
ence, Apr  10.  1970.  pp  218^20  ) 


creases  m  the  amount  of  irrigated  cropland  may 
further  increase  the  vulnerabihty  of  crops  to  dis- 
ease throughout  the  world.  ^  Furrow  or  flood  ir- 
rigation, for  example,  creates  conditions  that 
favor  the  growth  of  pathogens  requiring  high  soil 
moisture  (e  g  ,  Pythtum).  and  sprinkling  irriga- 
tion favors  diseases  spread  by  splashing  water  and 
rain  (e.g.,  bacterial  blight  and  anthracnose  of 
bean).'^^ 

Simultaneously,  the  genetic  resources  available 
for  combatting  diseases  are  dwindling.  In  the 
event  of  a  major  new  crop  epidemic,  plant  breed- 
ers sort  through  thousands  of  varieties  of  the  af- 
flicted plant  species,  hoping  to  identify  a  resistant 
strain  that  can  be  interbred  with  other  varieties 
to  impart  disease  resistance  without  reducing  pro- 
ductivity or  imparting  undesirable  characteristics. 
Finding  a  resistant  strain  depends  on  the  quality 
of  the  available  seed  bank  In  general,  the  more 
tough  wild  varieties  available,  the  better  the 
chance  of  finding  an  appropnate  resistant  strain. 

However,  the  varietal  stock  is  diminishing.  The 
wild  strains  (from  which  modern  high-yielding 
varieties  were  originally  bred)  are  not  usually  cul- 
tivated and  arc  being  obliterated  by  widespread 
and  increasing  destruction  of  habitat.  H  gh-yicid 
varieties  are  being  adopted  everywhere,  replacing 
the  myriad  native  strains  that  local  farmers  have 
developed  over  centuries.  These  strains,  often 
uniquely  suited  to  local  conditions,  are  rarely  pre- 
served when  farmers  shift  to  high-yield  varieties 
The  increases  in  the  use  of  high-yield  varieties 
implicit  in  the  food  projections  of  Chapter  6  will 
^vorsen  this  situation. ^''^ 

A  recently  discovered  plant  related  to  corn 
(maize)  dramatically  illustrates  the  potentially 
catastrophic  losses  that  can  occur  when  plant  spe- 
cies are  lost.  Corn,  an  annual  plant,  must  be 
planted  every  year  at  the  expense  of  labor,  ero- 
sion, and  fossil  fuel  subsidies.  A  plant  known  as 
teosinte,  an  ancestor  of  corn,  was  thought  to  have 
had  several  varieties,  some  annual  and  some  per- 
ennial If  a  perennial  variety  of  teosinte  could  be 
found,  modern  plant  breeding  techniques  might 
permit  the  development  of  a  perennial  corn.  For 
many  years,  only  annual  varieties  of  teosinte  were 
discovered  Unfortunately,  teosinte  grew  m  only 
limited  areas  of  Mexico  where  they  were  regarded 
locally  as  weeds,  and  it  was  feared  that  the  per- 
ennial varieties — if  they  ever  existed — had  been 
eradicated. 

In  1910  a  perennial  variety  of  teosinte  was  dis- 
covered.^" The  variety  discovered  (Zea perv(.nis) 
has  the  long-sought  perennial  properties,  but  un- 
fortunately It  has  40  chromosomes  and  can  not  be 
crossed  with  modern  corn,  which  has  20  chro- 
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mosomes  The  discovery  oi  7xa  perenms  estab- 
lished the  fact  that  a  perennial  variety  ot  teosinte 
had  in  fact  existed,  but  it  seemed  increasingly 
likely  that  the  20-chromosome  variety  had  been 
lost 

In  late  1977  Raphael  Guzman,  a  botany  student 
at  the  Un^  ^rsity  of  Guadalajara,  found  a  new 
variety  of  .;oSinte  growing  in  a  remote,  moun- 
tainous region  of  Mexico  in  the  state  of  Jalisco. 
Guzman's  variety  (Zea  diploperennis)  has  now 
been  examined  by  Dr  Hugh  \l.  litis.  Director  of 
the  Herbarium  at  the  University  of  Wisconsin, 
who  reports  that  Zea  diploper^mnis  is  a  perennial 
variety  with  the  20  chromosomes  necessary  for 
cross-breeding  with  corn. 

The  discovery  of  Zea  diploperennis  opens  the 
possibilities  of  not  only  perennial  corn ,  but  of  corn 
that  can  be  grown  over  wide  ranges  of  climate  and 
soil.  Furthermore,  since  Zea  diploperennis  grows 
successfully  in  cool,  damp  places  where  fungus 
diseases  (such  as  the  1971  corn  blight)  abound, 
crossbreeding  may  produce  varieties  that  are 
more  resistant  to  the  diseases  that  now  plague 
corn  farming. 

Cross-breeding  has  begun,  and  fertile  offspring 
have  been  produced.  Dr.  litis  now  feels  certain 
that  the  perennialness  of  Zea  diploperennis  can 
be  crossed  into  corn,  but  cautions  that  perhaps 
10-20  years  wi'l  be  required. 

The  sobering  fact,  however,  is  that  the  benefits 
from  zea  diploperennis  could  easily  have  been 
lost,  just  as  the  potential  benefits  from  many  other 
plant  species  are  being  lost  now,  especially  in  the 
tropics.  Dr,  litis  writes  of  Zea  diploperennis: 

This  species  could  easily  have  become  extinct 
[before  its  discovery],  and  may  yet  become  (ex- 
tinct) in  the  wild  in  the  near  future  .  .  .  Just  this 
winter  1  spent  10  weeks  exploring  tor  primitive 
corn  m  southern  Jali  co,  Mexico.  There  is  whole- 
sale mass  destruction  of  vegetation  [in  progress 
there]  on  a  gigantic  scale  (e  g.,  virgin  tropical  de- 
ciduous forest  near  Puerto  Vallarta,  30,000  hec- 
tares at  a  time)  by  pushing  of  vegetation  into  piles 
with  bulldozers,  then  burning  the  piles  and  plant- 
ing sorghum  .  .  The  destruction  is  enormous, 
terrible  and  devastating.  .  .  ,  None  of  this  vege- 
tation has  .  .  been  studied  or  .  .  .  represented 
in  preserves.  Much  of  s..;;h  destruction  was  orig- 
inally U  S.  instigated  to  "help  .  raise  more 
food  "  One  could  not  think  of  a  more  effec- 
tive policy  .    .  to  help  destroy  a  livable  world'^^* 

Dr  litis  has  recommended  that  the  mountain 
range  where  Z.ea  diploperennis  was  discovered  be 
established  as  a  national  park.  Instead,  he  .eports. 
the  area  is  being  deforested  to  provide  jobs  and 
to  supply  wood  for  making  broom  handles 
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Plant  breeders  around  the  world  are  aware  of 
the  rapid  rate  at  which  species  are  being  lost,  and 
efforts  are  being  made  to  protect  genetic  re- 
sources. An  International  Board  for  Plant  Genetic 
Resources  has  been  established  in  Rome  with 
U.N.  and  national  government  funding  The 
Board  is  encouraging  a  variety  of  seed  collection, 
storage,  and  documentation  schemes  The  U  S 
Department  of  Agriculture  maintains  an  exten- 
sive collection  of  crop  plant  specimens  which  in- 
cludes more  then  6(),(KK)  small-gram  specimens, 
but  concern  is  increasing  over  corporate  control 
of  genetic  resources  Seed  companies  owned  by 
multinational  conglomerates  have  large  private 
seed  reserves  and  are  lobbying  the  U  S  Congress 
to  extend  patent  protection  to  plant  vaneties.^^** 
The  institutes  responsible  for  breeding  Green 
Revolution  varieties  are  developing  and  expand- 
ing their  collections,  and  the  Soviet  collections  are 
as  extensive  as  our  own,  if  not  more  so.  But  as 
pla.it  geneticist  Jack  Harlan  has  pointed  out, 
many  of  these  collections  leave  much  to  be  de- 
sired: 

I  knov  these  collections  too  well  Some  are  better 
than  others;  some  are  better  maintained  than  ot'  - 
ers.  All  are  incomplete  and  shockingly  deficient 
in  some  kinds  of  materials.  They  tend  to  be  enor- 
mouslv  redundaiu  ui  certain  races  showing  seem- 
ingly endless  repetition  of  combinations  and 
permutations  of  common  items  and  are  clutt<5red 
with  accessions  that  float  fiom  experiment  station 
to  experiment  station.  On  the  other  hand,  some 
races  are  hardly  represented  at  all  and  the  wild 
and  weedy  gene  pools  are  conspicuously  missing. 
In  no  collection  is  tMtre  an  adequate  sampling  of 
the  spontaneous  races  that  are  the  most  likely 
sources  of  disease  and  pest  resistance  On  the 
whole,  the  collections  we  ha'  *  are  grossly  inad- 
equate for  the  burden  they  wiil  have  to  bear 

This  narrowing  of  the  gene  pool  may  hinder 
plant  breediiife  in  coming  years-  Traits  possessed 
by  local  plants  (such  as  tolerance  to  adverse  and 
eroding  soil  conditions  or  insect  and  bird  preda- 
tion),  which  may  be  required  by  the  high-yielding 
varieties  to  adapt  them  to  local  environmental 
conditions,  may  be  lost 

Animal  genetic  resources  are  facing  problems 
like  those  affecting  the  pool  of  plant  genes  Local 
breeds  of  livestock  are  disappearing  almost  as  rap- 
idly as  are  kKal  crop  strains.  Due  to  artificial  in 
semination,  changes  in  livestock  populations  that 
might  formerly  have  taken  centuries  now  take 
place  in  a  few  decades.  About  80  percent  of  the 
cattle  strains  indigenous  to  Europe  and  the  Med* 
iterranean  are  threatened  with  extinction.  Else* 
where,  many  of  the  tropical  cattle  strains  are  low 


in  numbers,  and  programs  for  their  genetic  im- 
provement are  often  weak.  Native  poultry  and  pig 
strains  aie  also  threatened  in  some  developing 
regions.  Very  little  is  known  about  genetic  re- 
sources for  goats,  water  buffalo,  camels,  alpacas, 
llamas,  cultivated  fish  speci.^s,  and  other  domes- 
ticated animal  varieties.*^" Therefore  it  is  not  pos- 
sible to  evaluate  the  loss  of  genetic  diversity 
among  these  types  of  livestock  as  readily  as  among 
crop  plants  and  their  progenitors. 

Minor  Genetic  Failure 

Regardless  of  whether  major  disasters  occur. 
It  is  clear  that  further  development  (or  even  main- 
tenance) of  genetically  specialized,  high-yield 
crop  strains  that  are  also  defensible  against  pests 
and  diseases  will  be  increasingly  difficult.  There 
will  be  occasional  pest  and  pathogen  outbreaks 
from  genetic  failures,  i.e.,  when  the  natural  or 
inbred  resistance  of  a  plant  (or  animal)  strain  is 
overcome  by  pests  or  pathogens  Many  plant 
breeders  now  expect  a  new  variety  of  wheat  to 
last  only  about  a  decade  before  pests  and  path- 
opens  evolve  a  way  around  th'*  variety  s  defen- 
ds. The  high-yield  Mexican  wheats  that  touched 
oti  .Tvich  of  the  Green  Revolution  were  carefully 
bred  for  resistance  to  stem  rust,  leaf  rust,  and 
stripe  rust.  Recently,  however,  this  resistance  ap- 
pears to  have  begun  to  break  down,  ^nd  10  years 
appears  to  be  the  longest  that  a  wheat  variety  can 
withstand  the  constantly  evolving  attack  of  the 
three  rusts.  As  a  result ,  peasant  and  commercial 
farmers  using  high-yield  seeds  will  have  to  learn 
to  shift  varieties  when  the  ones  they  are  using 
become  vulnerable.  Furthermjre,  the  production 
and  distribution  of  seed  will  have  to  be  developed 
to  the  point  that  one  major  variety  can  be  sub- 
stituted for  another  over  large  areas  on  very  short 
notice.* 

The  trends  point  to  problems  for  plant  breed- 
ers. When  favored  strains  cease  to  be  effective, 
good  monitoring  and  management  may  be  capa- 
ble of  limiting  losses,  but  difficulties  will  mount. 
As  the  probability  of  plant  epidemics  increases 
(due  to  inbreeding,  decreased  species  disease  re- 


*A  far  better  approach  might  be  to  simply  avoid  monocultures 
altogether  Plant  pathologist  J.  Artie  Browning  has  described 
the  advantages  of  diverse  cultures  modeled  on  natural  eco- 
systems He  notes.  'When  used  as  part  of  a  dtverse  [plant] 
population,  a  frequency  of  only  about  3(Kf  (resistant  plant 
strain]  can  be  considered  adequate  protection  against  the  niost 
virulent  and  prevalent  group  of  strains  of  t,'ic  pathogen'" 
("Relevance  of  Knowledge  About  Natural  fcosvstems  to  De- 
velopment of  Pest  Management  Programs  lor  Agro-Ecosys- 
tems." Proceedings  of  the  American  Phvtopafhologtcal  Society. 
1974.  pp  19I  "<W) 
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sistance,  and  monoculture)  and  as  the  number  of 
genetic  resources  available  declines  (due  to  loss 
of  wild  habitat  and  the  replacement  of  local  strains 
with  high-yield  varieties),  major  food  losses  will 
be  increasingly  difficult  and  costly  to  avoid. 

The  less  developed  countries  in  the  tropics  may 
be  particularly  susceptible  to  gene;ic  crop  failures 
in  the  years  ahead.  The  traditional  staple  foods 
and  export  crops  of  the  tropics  are  often  more 
vulnerable  than  the  global  staples,  either  because 
they  are  propagated  asexually  (with  he  conse- 
quence that  all  plants  in  a  large  are^  are  geneti- 
cally  Identical)  or  because  the  present  collections 
of  the^ir  genetic  material  are  very  limited-or 
both.    Notable  among  such  vulnerable  crops  are  * 
plantation  crops,  such  as  rubber,  oil  palm,  coffee 
and  cocoa  (whose  seeds  resist  normal  methods  of 
storage  with  the  result  that  the  collections  of  germ 
plasm  are  extremely  limited);  and  tropical  roots 
and  tubers,  such  as  yams,  taro,3weet  potato,  and 
cassavas  (which  are  both  extremely  difficult  to 
store  and  are  commonly  propagated  by  dividing 
roots,  a  form  of  propagation  that  leads  to  genet- 
ically identical  plantings).     For  crops  such  as 
these,  the  stage  is  set  for  disasters  on  the  scale  of 
the  coffee  blight  that  ruined  Ceylon's  coffee  in- 
dustry and  the  potato  blight  that  struck  Ireland. 

Genetic  engineering  may,  at  some  point  reduce 
dependence  on  naturally  evolved  sources  of  dis- 
ease-resistant genetic  material,  but  to  date  there 
has  been  little  success  in  the  use  o^  induced  refu- 
tations for  generating  agriculturally  useful  plant 
varieties.^  Plant  cell  culturing  might  eventually 
improve  photosynthetic  efficiency  and  the  amino 
acid  balance  m  plants  (from  the  human  point  of 
view)  and  lead  to  asexual  propagation  of  crop 
plants.  Should  this  happen ,  the  world  may  face 
even  greater  genetic  uniformity  in  crops. 

Areas  in  which  science  and  technology  could 
definitely  help  in  combatting  genetic  vulnerabihty 
include  increased  systematization  of  existing  col- 
lections, computerized  reference  systems,  better 
international  exchange  of  plant  disease  informa- 
tion, improved  warning  systems,  genetic  hetero- 
geneity in  agro-ecosystems,  and  live  collections 
in  protected,  representative  ecosystems. 

By  the  Ye«r  2000 

If  present  trends  continue,  increasing  numbers  of 
people  will  be  dependent  on  the  genetic  strains 
of  perhaps  only  two  dozen  plant  and  animal  spe- 
cies. These  strains  will  be  highly  inbred,  and  the 
plant  strains  may  have  reduced  pest  and  disease 
resistance  and  may  be^planted  in  large,  contiguous 
moncKuhures  Plant  and  animal  epidemics  will 
occur  as  they  have  m  the  past,  except  that  in  the 


future  the  number  of  human  lives  at  risk  may  not 
be  in  the  millions  (as  was  the  case  in  the  Irish 
potato  famine)  but  in  the  tens  or  even  hundreds 
of  millions.  While  the  magnitude  of  the  risks  in- 
volved cannot  be  measured  precisely,  the  world's 
history  of  crop  failures  due  to  pests  ^d  diseases 
(mcluding  the  recent  U.S.  corn  blight)  demon- 
strates that  the  probabilities  of  a  major  failure  are 
not  negligible.  Furthermore,  the  costs  of  even  a 
minor  failure  would  be  so  high  they  might  offset 
the  gains  in  yields  expected  from  extensive  mon- 
ocultures of  high-yield  varieties. 

Food  and  Nonrenewable  Fossil  Fuels 

Modern  high-yield  agriculture  is  heavily  de- 
pendent on  fossil  fuel  inputs.*  As  Philip  Handler, 
President  of  the  National  Academy  of  Sciences, 
has  observed, 

The  great  gains  m  cereal  production  have  oc- 
curred where  modern  energy-intensive  agricul- 
ture—as developed  in  the  United  States,  largelv 
with  federal  research  support— has  combined  ap- 
plied genetics,  irrigation,  pesticides  and  herbi- 
cides, fertilizer  and  mechanization  to  the  increase 
of  yields.  In  effect,  modern  aericitlture  utilizes 
sunlight  to  transmute  fossil  fuels  into  edible 
crops. 

The  gains  and  developments  noted  by  Dr.  Han- 
dier  are  illustrated  in  the  U.S.  corn  (maize)  data 
presented  in  Table  13-19  (inputs  and  outputs  ex- 
pressed in  common  measures)  and  Table  13-20 
(inputs  and  output  expressed  m  energy  equiva- 
lents). Perhaps  most  notable  are  the  declining  la- 
bor input  and  the  increasing  energy  inputs  through 
machinery,  gasoline,  fertiiizers.  pesticides,  her- 
bicides, drying,  irrigation,  eleciricity.  and  trans- 
portation. Yields  also  increase— by  138  percent 
from  1945  to  1970- but  on  a  list  of  the  20  major 
world  food  croos  and  nations  that  regularly 
achieve  the  highest  yields  per  hectare  of  each,  the 
United  States,  as  of  1974.  does  not  appear  even 
once.^**  Furthermore,  the  energy  input  table 
shows  that  the  number  of  calories  returned  in  food 
energy  per  calorie  of  input  energy  declines  by  al- 
most 25  percent  over  the  1945-70  period.  Overall, 
the  U.S.  now  uses  the  equivalent  of  approximately 
80  gallons  of  gasoline  to  grow  an  acre  of  corn. 

Increases  in  energy  inputs  have  been  observed 
throughout  the  entire  U  S.  food  system.  Process- 
ing, packaging,  and  distribu  ion  in  all  ultramodern 
food  systems  require  about  three  times  as  much 
energy  as  the  production  itself.    The  overall  en- 


*The  implications  of  higher  energy  prices  for  the  Global  2m) 
Study's  fooa  projections  arr  Ht^^n  v^ed  in  Chapter  6 
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TABLE  13-19 

Avcrate  Energy  Inputs  per  Am  in  U.S.  Com  Produdiott,  1940-70 

Input 

Labor  (hours  per  acre) 
Macbtnery  (ihou34mds  of  kilocalories)  \ 
OMOliiie  (gaUons)  \ 
Nitron  (pounds)  ^ 
flKMpbooA  (poMiuif ) 
FoUtsraiu  {pounds) 
Secdt  for  piantini  (bushels) 
lrfi|atioa  (ikousunds  of  kilocaiones) 
iiMWCticidct  (pounds) 
Herbiddet  (pounds) 
Drying  (thousands  of  kilocalories) 
Eiectiidty  (thousands  of  kilocaiones) 
TrantpoftatkMi  (thousands  of  kilocalories) 
Com  yields  (bushel) 


\ 


1945 

1950 

IQM 

1970 

ta 

17 

14 

11 

9 

tan 

7sn 

300 

350 

420 

420 

17 

19 

20 

21 

22 

7 

27 

41 

58 

112 

7 

10 

12 

16 

18 

31 

5 

to 

18 

30 

29 

60 

0.17 

020 

0.25 

0.30 

0.33 

0.33 

19 

23 

27 

31 

34 

34 

0 

0.10 

0.30 

0.70 

1.00 

1.00 

0 

0.05 

0.10 

0.25 

0.38 

1.00 

10 

30 

60 

100 

120 

120 

32 

54 

100 

140 

203 

310 

20 

30 

45 

60 

70 

70 

34 

38 

41 

54 

68 

81 

Som  D  Ptmcntci  ei  tl .  -Food  Production  wid  ihe  Energy  Cr«;- '  Sctfme.  f*cv  2.  1973.  pp  443-48 


TABLE  l>-20 
Energy  InpaU  in  U.S.  Com  Production  (in  kUocalories) 


Input 


1945 


1950 


1954 


1959 


1964 


1970 


Ubof 

MKhtnery*  4 

Gaioline' 

Nitrogen' 

Phosphorus* 

Potassium' 

Seeds  for  planting" 

Irrigation* 

loscctidde^* 

Herbccioes^ 

Drying* 

Electricity^ 

Transportation* 

Total  inputs 

Com  yield  (output)" 

Kcal  return/input  kcal 


12,500 
180,000 
543,400 
58,800 
10.600 
5,200 
34,000 
19.000 
0 
0 

10,000  . 

32,000 

20.000 

925,500 
3,427,200 

3.70 


9,800 
250,000 
615.800 
126,000 
15,200 
10,500 
40,400 
23,000 
1.100 
600 
30,000 
M,000  ' 
30,000 

1,206,400 
3,830,400 

3.18 


9,300 
300,000 
688,300 
226,800 

18,200 

50,400 

18,900 

27,000 
•  3JO0 
1,100 

60,000 
100,000 

45,000 

1,548,300 
4,132,800 

2.67 


7,600 
350,000 
724,500 
344,400 
24,300 
60,400 
36.500 
31,000 
7.700 
2,800 
100,000 
140,000 
60,000 

1,889,200 
5,443,200 
21 


420.000 
760,700 
487,200 

27,400 

68,000 

30,400 

34,000 

11,000 
4,200 
120,000 
203,000 

70,000 

2.241,900 
6,854.400 

3.06 


4,900 

420,000 

797.000 

940,800 
47,100 
68,000 
63,000 
34,000 
11,000 
11,000 

120,000 

310,000 
70,000 

2,8%,800 
8.164,800 

2.82 


Sotiece  Dtvid  nmcnul  «t  tl .  "Food  ProdnctiOA  mmI  ihe  Energy  Cnm."  5citncr.  Nov  2.  1973.  p.  445 

•  It  II  MMMcd  ilMi  «  farm  laborer  comumes  2\.m  kcal  per  week  and  worksa 
40-lKwrwatk  Fof  1970.  from  Table  13-17  (9  hoyrs/40houa  per  week)  x  21.770 
kcal  per  week  -  4.900  kcal. 

^  Tkc  madiinafy  necked  lo  farm  62  acres  of  com  was  cMnnated  to  hm  required 
244JS5.000  kcal  Tina  madunefy  wai  aMwrcd  lo  function  for  10  years  Repairs 
were  ataumcd  to  6  percent  of  loul  madiincrv  prttdiictMin  Hence,  a  conservative 
ntiHiatc  for  ilie  pfoducikm  and  repair  of  farm  machinery  per  acre  of  com  for  I97II 
WM  42O.0Q0  kcaJ  A  Mill  for  the  namber  of  iractor*  and  other  types  of  machinery 
on  farma  was  reached  in  1964  and  comimies  The  number  of  tracton  and  other 
types  of  machinery  Ia  W45  were  ahoirt  half  what  ihey  are  now 
«  OmoNne  I  fnOon  •  36.225  kcal 

^  f^itrofen  1  poand  »  8.400  kcal.  mriiidlni  production  and  procesttni 
•nMapiionM.  Iponnd  -  1320  kcal.  mchidint  mimnt  and  proceswni 
'  PMaHivm  I  pOMd  -  I.09O  kcal.  indading  mtmng  and  proccssint 
•Comseed  I  poand  -  LWOkcal  This  ener^  input  was  doubled  because  of  ib< 
tflort  fwptoyed  in  prodttcmf  hybfW  seed  com 

*  Oaly  about  3  Spcicem  of  the  com  acres  m  the  Umted  States  were  irrtated 
M  1964.  aud  thM  ii  not  expected  to  change  much  m  the  near  future  An  estimated 
9O9,«0O  kcal  It  raquired  to  irrigate  at)  acre  of  com  with  an  aae-foot  of  water  for 


oneteair  Since  only  3  8  percent  of  (he  com  acres  are  irrigated  (t9M-70)  rt  was 
estimated  that  only  34.000  kcal  were  used  per  a«..e  for  com  imgatton  The  per- 
centage of  acits  irrigated  in  I94S  was  based  on  trends  m  irrigated  acres  in  agn- 


I  iMcctictdes*  1  pMd  •  11.000  kcal.  including  production  and  processing 
'  Herbkides.  t  pound  -  11.000  kcal.  mchiding  production  and  procesfing 
^  When  com  is  dried  for  MorafC  to  reduce  the  moisture  from  about  26  >  percent 
to  13  percent.  408.204  kcal  are  necdeed  lo  dry  91  bmheh  (Com  Cnmtr  s  Gmdr. 
Auiora.lll  Of»ceandCo.l9«.p.  113)  About  30  percent  of  the  com  produced 
in  1970  wm  estimated  to  have  beei  dried,  as  compared  to  an  estimated  lOpercent 

in  194^   ^ 

>  la  1970.  agncMture  oonsumed  about  310.000  kcal  per  acre  for  fuel  used  to  proAicc 
alactridty 

'"hanumbtrofcalonesbunirdtotraMportmachinerv  and  supplies  to  com  acres 
and  to  iranapon  com  to  the  site  of  use  was  estimated  to  bv  aoout  P" 
acn  in  1964  and  1970  and  about  20.000  kcal  per  acre  tn  1945 
■  A  buahet  of  com  was  oomidcTcd  to  weight  56  pounds,  and  each  pound  was 
amumadionncam  IJOOfccal 
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crgy  requirements  of  the  U.S.  food  system  are 
illustrated  in  Figure  13-5.  On  a  per  capita  basis, 
David  Pimental  estimates  that  U.S.  crop  produc- 
tion alone  requires  about  112  gallons  of  gasoline 
per  person  per  year."* 

The  commercial  energy  requirements  for  mod- 
ern and  traditional  production  of  rice  and  corn 
(maize)  are  compared  in  Table  13--21.  The  only 
commercial  energy  input  in  traditional  agriculture 
is  the  energy  used  in  making  simple  tools  and 
implements.  But  when  the  commercial  energy  in- 
puts are  low,  the  yields  are  also  low.  In  transi- 
tional agriculture,  more  commercial  energy  is 
used  especially  for  machinery,  fuel,  fertilizer,  pes- 
ticides, improved  seeds,  and  transportation.  In 
transitional  agriculture  commercial  energy  inputs 
may  increase  by  a  factor  of  10  or  more  over  the 
commercial  energy  used  in  traditional  agriculture. 
Yields  may  more  than  double.  Modern  agriculture 
involves  commercial  energy  inputs  that  are  more 
than  100  times  those  of  traditional  agriculture. 
Yields  achieved  are  double  to  triple  those  achieved 
with  traditional  agriculture. 

The  energy  intensiveness  of  high-yield  agricul- 
ture has  been  studied  extensively*^  and  is  dis- 
cussed briefly  in  the  food  projections  in  Chapter 
6.  While  the  concerns  that  have  emerged  cannot 
be  discussed  in  any  detail  here,  a  few  need  to  be 
mentioned. 

The  basic  concern  is  that  in  becoming  highly 
dependent  on  fossil  fuels,  modern  high-yield  ag- 
riculture is  also  becoming  vulnerable— both  in  the 
short  and  the  long  run.  In  the  short  run  (the  next 
two  decades),  energy-intensive  agriculture  will 
become  increasingly  vulnerable  to  the  vicissitudes 
of  the  energy  sector.  Even  now  a  sudden  price 
increase  or  a  sudden  interruption  of  petroleum  or 
natural  gas  supplies  could  severely  affect  world 
agricultural  production,  raise  food  prices,  and  in- 
crease the  numbers  of  people  who  cannot  afford 
adequate  food.*  If  the  energy  intensiveness  of 
agriculture  continues  to  increase  over  the  next  two 
decades  as  implied  by  the  projections,  the  poten- 
tial disruptiveness  (measured  in  terms  of  the  num- 
bers of  persons  unable  to  obtain  adequate 


•In  this  connection  it  should  be  noted  that  energy  intensive 
food  is  ^'inexpensive-  in  the  United  States  only  because  per 
capita  tncotne  is  high  by  world  standards  U  S  costs  of  pro- 
duction in  the  U  S.  are  high  compared  to  those  of  many  other 
countries.  For  example,  the  cost  of  producing  1.000  kcal  of 
plant  product  is  estimated  to  be  about  $38  in  the  U  S  and 
about  $10  in  India  (Pimental  et  al.  '  Food  Production  and  the 
Energy  Crisis."  Srience,  Nov.  2.  1973.  p  448)  Because  many 
LDCs  can  produce  food  less  expensively  than  the  U  S  .  some 
observers  expected  LDCs  to  export  significant  amounts  of  fcKxJ 


nourishment)  of  an  energy  supply  interruption 
might  well  become  twice  what  it  is  today. 

In  the  long  run,  agriculture  becomes  vulnerable 
through  reliance  on  a  depleting  resource.  David 
Pimentel  estimates  that  if  the  world's  petroleum 
reserves  were  used  exclusively  to  provide  the 
world's  population  with  the  average  U.S.  diet  as 
now  produced  with  mcdern,  energy-intensive  ag- 
ricultural methods,  the  entire  415  billion  barrel 
reserve  would  last  a  mere  29  years— or  107  years 
if  all  potential  reserves  (about  2,000  billion  bar- 
rels) befame  available.  If  the  world  population 
were  to  subsist  on  corn  grain  only,  the  same  po- 
tential petroleum  reserves  would  provide  enough 
energy  to  supply  food  for  a  population  of  10  billion 
for  448  years 

The  prospect  of  increasing  energy  dependence 
and  vulnerability  in  agriculture  has  led  to  some 
preliminary  examinations  of  alternative  ap- 
proaches.^ Most  of  the  options  so  far  examined 
involve  relatively  small  farm  units,  less  substitu- 
tion of  fossil  energy  for  human  energy  and  skill, 
and  the  use  of  ^Intermediate"  or  "appropriate" 
technologies.^' 

The  prospect  of  relatively  small  farm  units 
raises  questions  of  economic  efficiency,  and  it  is 
encouraging  to  note  that  the  U.S.  Department  of 
Agriculture,  in  its  publication  **The  One-Man 
Farm,"  considers  that  food  production  on  a  small 
scale  can  be  as  efficient  as  production  on  a  larger 
scale: 

The  fully  mechanized  one-man  farm,  producing 
the  maximum  acreage  of  crops  of  whicn  the  man 
and  his  machines  are  capable,  is  generally  a  tech- 
nically efficient  farm.  From  the  standpoint  of  costs 
per  unit  of  production,  this  size  farm  captures 
most  of  the  economies  associated  with  size.  The 
chief  incentive  for  farm  enlargement  beyond  the 
optimum  one-man  size  is  not  to  reduce  unit  costs 
of  production,  but  to  achieve  a  larger  business, 
more  output,  and  more  total  income.^ 

Encouraging  as  some  of  the  preliminary  inves- 
tigations are,  two  points  must  be  kept  in  mind. 
First,  present  trends  are  overwhelmingly  in  the 
direction  of  further  energy  intensiveness  of  agri- 
culture; major  technological  and  policy  changes 
would  be  required  tcrreverse  this  trend.  Second, 


(and  cotton  and  rubber)  to  earn  foreign  exchange,  even  though 
their  own  populations  are  malnounshed  l^nd  tenure  is  a  con> 
tnbuting  factor.  Much  good  farmland  in  the  LDCs  (and  in- 
creasingly in  the  industrialized  nations)  is  held  by  landlords 
or  corporations  and  is  farmed  for  export,  not  local  consump^ 
tion.  Such  exports,  if  they  develop  significantly,  would  also 
affect  the  U.S.  balance  of  payments  (CIA  National  Foreign 
Assessment  Center.  "The  Role  of  the  LDCs  in  the  U  S  Bal- 
ance of  Payments,"  Washington.  Sept  1978). 
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!  LVS.  Energy  flow  in  the  U.S.  food  chiin,  t.i  billiont  of  joules.  {From  The  State  of  Food  and 
Agriculture  1976,  MO,  1977;  adapted  from  f.  C.  StitkUr  tt  al..  Energy  from  Sun  to  Plant,  to  Man, 
Detrt  A  Co.,  1975) 
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TABLE  13-21 

Commercial  Energy  Required  for  Rice  and  Com  (Maize)  Production,  by  Modem,  Transitional,  and  Traditional  Metliods 

  ^"^c  Maize 


Modern 
(United  States) 


Transitional 
(Philippines) 


Traditionul 
(Philippines) 
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(United  States) 
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Input 


^^^Ir^'  Quantity  per    Energy  per    Ouuntity  per   Energy  per   Ouantitv  per    Energy  per     Quantity  Energy 

hectare  hectare  hectare  hectare  hectare         hectare         hectare  hector;        per  ha        per  ha 
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67.2  kg 
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5.6  kg 
4.6  X  10^  joules 

3.2  X  \(f  joules 
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4,200 
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10.752 

605 
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27,336 

560 

560 
4,600^ 
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724»  . 

64,885 
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11.19 
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31.5  kg 


no  kg 
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1.0  kg 


31  X  10^  joules 


/O*  joules 
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1.650 
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31 
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2  37 
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173 
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173  X  10* 
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10,000 

34  7  kg 
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621 
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1.1kg 

1  <o 
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no 
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173 
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population  growth  may  make  energy-intensive 
agriculture  inevitable.  The  People*s  Republic  of 
China  has  probably  been  more  successful  than  any 
other  country  in  developing  its  agricuhure  with 
minimum  energy  requirements.  The  Chinese  ex* 
perience  and  other  experiments^  demonstrate 
clearly  that  there  are  alternatives  to  the  most  en- 
ergy-intensive agricultural  methods.' Yet  even 
China  has  been  forced  by  the  food  needs  of  an 
expanding  population  to  import  energy-rich 
*  chemical  fertilizers  and  has  contracted  for  the  con- 
struction of  13  large  nitrogen  fertilizer  plants.  ^ 

Conclusioiis 

It  has  often  been  observed  that  agricultural  re- 
sources are  renewable;  A  hectare  of  farmland  can 
'  grow  as  many  as  three  crops  annually;  soil  fertility 
can  be  maintained  and  often  improved;  biomass 
can  be  consumed  and  yet  grow  again  another  year. 
While  these  points  are  all  true,  they  do  not  pro- 
vide an  adequate  perspective  for  consideration  of 
agricultural  prospects  in  the  decades  ahead,  par- 
ticularly beyond  the  year  2000. 

Thrre  are  three  critically  importai^  facts  to  be 
kepi  in  mind  when  considering  agricultural  pros- 
pects for  the  future.  First,  agficuhure  is  now  and 
will  continue  to  be  based  largely  on  depletable 
resources.  Second,  at  present  these  depletable 
resources — crucial  to  the  maintenance  and  re- 
newal of  land,  water,  and  other  renewable  agri- 
cultural resources — are  being  consumed, 
extinguished,  and  eroded  at  rates  that  cannot  be 
sustained  indefinitely.  Third,  for  the  foreseeable 
future,  there  is  no  end  in  sight  to  increasing  pop- 
ulation levels  and  to  escalating  needs  for  agricul- 
tural production. 

The  depletable  nature  of  a  number  of  basic  ag- 
ricultural resources  has  been  given  inadequate 
attention  in  the  past.  There  has  even  been  occa- 
sional confusion  as  to  what  the  basic  resources  of 
agriculture  are.  Biomass  is  not  a  basic  agricultural 
resource,  but  genetic  stocks  of  crop  plants  and  of 
domestic  animals  and  beneficial  insects  are.  These 
agricuhural  resources  are  being  depleted  or  ren- 
dered extinct  at  an  accelerating  rate  that  alarms 
many  scientists.  Soil  is  a  basic  agricultural  re- 
source, but  it  is  a  depleting*  salifying,  and  eroding 
resource.  Lost  soil  fertility  often  can  be  restored, 
but  only  after  long  periods  of  time  and  at  great 
cost.  Furthermore,  in  some  instances  soil  fertility 
simply  cannot  be  renewed:  Soils  lost  by  erosion, 
by  urban  and  industrial  expansion,  and  by  hy- 
droelectric development  are  permanent  losses  for 
agriculture.  Solar  energy  is  a  basic  agricultural 
resource,  but  fossil  fuels  are  too.  Fossil  fuels  are 


a  depletable,  nonrenewable  resource,  required 
for  production  of  chemical  fertilizers,  pesticides, 
and  fertilizers,  and  for  mechanization  and  irri- 
gation. Water,  too,  is  a  basic  agricultural  re- 
source, but  an  exhaustible  resource  of  finite 
extent,  threatened  by  competing  uses,  dissolved 
salts,  and  acid  rain. 

The  knowledge,  technologies,  and  management 
techniques  needed  to  protect  the  basic,  depletable 
resources  of  agriculture  are  generally  established, 
but  often  not  known  or  available  where  they  are 
most  needed.  Careful  cultivation  practices  and 
well-known  techniques  of  terracing,  for  example, 
can  reduce  soil  losses.  The  preservation  of  habitat 
for  the  maintenance  of  genetic  stocks  requires  no 
elaborate  technologies.  But  the  technological 
knowledge  and  capital  necessary  to  successfully 
use  marginal  soils  is  not  available  to  many  of  the 
fanners  who  will  be  forced  to  use  these  soils  in 
the  years  ahead.  Similarly  the  skills  needed  for 
safe  and  effective  use  of  fertilizers  or  for  alter- 
native methods  of  pest  control  are  not  widely 
available  in  many  less  developed  countries. 

Although  furthek  research  is  certainly  called  for 
(e.g.,  the  atmospheric  effects  of  nitrous  oxide 
from  fertilizer  applications  is  not  known  with  cer- 
tainty), the  skills  and  technologies  needed  to  limit 
virtually  all  of  the  environmental  pressures  im- 
plicit in  the  Global  2000  Study^s  food  projections 
avz  already  available.  The  big  question  is:  Will 
these  skills  and  technologies  be  used? 

There  is  no  clear  answer  to  this  question.  Con- 
flicts are  involved.  The  need  to  increase  agricul- 
tural production  will  certainly  continue  since  a 
large  fraction  of  the  world's  population  is  inade- 
quately nourished  even  now  and  since  throughout 
the  foreseeable  future  the  world*s  population  is 
projected  to  continue  growing.  Historically,  in- 
creases in  agricuhural  production  have  come  both 
from  increasing  the  lands  under  cultivation  and 
from  increasing  yields  per  hectare.  Options  for 
increasing  the  lands  under  cultivation  are  now  lim- 
ited and  expensive,  and  becoming  more  so. 
Therefore  efforts  to  increase  yields  on  lands  al- 
ready under  cuhivation  can  be  expected  to  inten- 
sify. Unless  marginal  lands  are  introduced  with 
skill  and  moderation,  and  ^nfess  efforts  to  in- 
crease yields  are  carefully  managed,  environment 
tal  stresses  will'  follow — erosion,  laterization, 
alkalinization,  salinization,  wateriogging,  urban 
encroachment,  and  loss  of  plant,  animal,  and  pre- 
dator-insen  species.  If  unabated,  these  {stresses 
could  lea  i  initially  to  a  significant  reduction  in  the 
expansion  of  food  production  and  in  time  to  a 
serious  reduction  in  the  worid*s  capacity  to  main* 
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tain  food  production.  As  noted  in  the  beginning 
of  this  section,  the  Global  200()  food  projections 
are  based  on  the  assumption  .that  steps  will  be 
taken  to  keep  the  impact  of  these  stresses  in  line 
with  past  experience.  If  these  stresses  are  not  con- 
trolled, they  could  bring  into  serious  question 
even  the  modest  increases  in  per  capita  food  avail- 
ability projected  in  Chapter  6. 

To  what  extent  will  farmers,  governments,  and 
international  organizations  act  to  protect  the 
world's  depletable  agricultural  resources?  Several 
nations  have  already  faced  the  kinds  of  agricul- 
turally related  environmental  pressures  that  are 
expected  to  occur  worldwide.  Some  of  these  na- 
tions have  successfully  maintained  or  expanded 
their  agricultural  c  oacities.  The  People's  Repub- 
lic qf  China  and  Israel  are  examples.  Several  other 
nations,  of  which  Haiti  and  Ethiopia  are  exam- 
ples, have  so  far  been  unable  to  respond  success- 
fully. Most  nations  have  yet  to  experience  the 
pressures  and  face  the  policy  decisions. 

Success  in  efforts  to  protect  depletable  agricul- 
tural resources  will  require  a  concerted  public  ef- 
fort to  set  priorities  for  both  food  production  and 


environmental  protection  and  to  finance  ecolog- 
ically positive  technologies  ai  <  management  tech- 
niques. Issues  relating  to  land  tenure  will  also  be 
important.^  Unfortunately,  efforts  to  maintain 
and  expand  the  productivity  of  agricultural  re- 
sources often  increase  unit  costs  and  reduce  pro- 
duction, at  least  in  the  short  run.  In  the  face  of 
increasing  costs  of  food,  it  is  uncertain  that  the 
public  support  required  to  accomplish  these  ob- 
jectives will  be  made  even  in  the  affluent  indu^.- 
trialized  nations— and  far  less  certain  in  the 
LDCs,  which  face  the  greatest  pressures  to  in- 
crease food  production  in  years^ahead. 

The  agricultural  and  population  policies  that 
nations  develop  over  the  next  two  decades  will 
have  lasting  significance.  The  possibility  of  a  se- 
rious erosion  and  depletion  of  the  world's  de- 
pletable agricultural  resources  cannot  be  ignored. 
Unless  the  pressures  on  these  resources  are  ad- 
dressed and  resolved,  at  least  in  part  before  the 
year  2000,  it  appears  virtually  certain  that  the 
world's  per  capita  food  production  will  slow,  stag- 
nate, or  even  decline  during  the  first  half  of  the 
21st  century. 


THE  Projections  and  the  Marine  Environment 

The  Projections 

Many  of  the  Global  2000  projections  and  their  implicit  consequences  have 
implications  for  the  future  of  the  marine  environment.  The  projections  that 
are  most  relevant  are  as  follows: 

Population.  A  45-65  percent  increase  in  human  population  will  lead  to 
substantial  increases  in  the  amount  of  coastal  development 

Gross  National  Product.  Coupled  with  projected  population  growth  dou- 
bhng  and  tripling  of  GNPs  will  lead  to  global  increases  in  water  and  airborne 
pollutants  zn6  to  increases  in  economic  activities— such  as  dredging  and  the 
construction  of  port  facilities-that  alter  the  coastal  marine  environment. 

Agriculture.  An  increase  by  a  factor  of  2.5  in  global  use  of  fertilizer 
pesticides,  and  other  yield-enhancing  inputs  will  lead  to  a  marked  growth  in 
the  quantities  of  nutrients  and  toxic  chemicals  entering  the  marine  environ 
menl. 

Fisheries.  The  intense  demand  projected  for  fishery  resources  (8^  5  mil- 
lion metric  tons  by  2000)  will  result  in  severe  pressure  on  preferred  vtocks 
and  increased  exploitation  of  nontraditional,  sir  iller,  and  shorter-lived  spe- 
cies Pollution  and  physical  destructiim  ui  niarine  habitats  will  impede  the 
growth  of  aquaculture  in  estuarine  and  coastal  areas,  effectively  reducing  the 
overall  potential  yields  of  living  marine  resources 

Forestry.  A  15-20  percent  decrease  in  the  area  under  forest  cover  with 
most  of  the  reduction  taking  place  in  LDCs,  will  lead  to  a  sizable  increase 
m  the  silt  loads  of  tropical  river  systems  and  thus  to  increased  silt  deposition 
in  estuaries,  deltas,  and  on  adjacent  coastal  shelves. 

Water.  Hydraulic  engineering  of  freshwater  systems  will  niter  salinity 
concentrations  and  cyclic  flows  in  estuaries,  and  will  interfere  with  the  life 
cycles  of  organisms  that  jjpend  part  of  their  lives  in  the  ocean  and  part  in 
freshwater  Because  nutrients  will  be  trapped  behind  new  dams,  the  quantity 
and  quality  of  e-tuarinc  and  coastal  productivity  will  be  adversely  affectedS 
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Energy.  More  offshgre  drilling,  more  marine  transport  of  oil,  and  more 
portside  stor&ge  and  processing  facilities  will  be  needed  to  sustain  the  pro- 
jected  3.3-4.4  percent  annual  increase  in  demand  for  oil.  More  petroleum 
pollutants  will  rnter  the  oceans.  Proliferation  of  onshore  and  offshore  power 
plants  will  result  in  extensive  use  of  oxidants  and  other  biocides  (especially 
chlorine)  to  prevent  biological  fouling  in  cooling  towers,  entrainment,  and 
th^ermal  pollution,  altering  the  habitat  of  marine  organ.. 'tis.  The  increased 
use  of  nuclear  energy  may  lead  to  accidental  release  or  to  deliberate  disposal 
of  radioactive  materials  into  the  oceans.* 

Nonfuel  Minerals.  More  mining  wastes  will  be  produced  and  more  min* 
eral  products  will  be  in  circulation,  due  in  part  to  increased  production  of 
various  minerals  from  lower  grade  ores.  As  a  result,  more  of  these  wastes 
will  enter  the  earth's  air  and  freshwater  systems  and,  eventually,  the  oceans. 
Of  particular  concern  are  toxic  wastes  resultitig  from  increased  production 
of  several  heavy  metals.  Chromium  production  is  projected  to  increase  an- 
nually by  3.3  percent,  copper  by  2.9  percent,  lead  by  3.1  percent,  mercury 
by  O.S  percent,  and  zinc  by  3.1  percent.  Increased  industrial  dredging  for 
gravel  and  coral  sands  will  also  have  significant  iocal  impacts.  If  initiated, 
deep-sea  mining  operations  will  produoe  locally  disruptive  effects  on  open- 
ocean  ecosystems. 

In  summary,  while  the  projections  are  usually  not  sufficiently  detailed 
to  provide  specific  quantitative  estimates,  they  do  imply  a  variety  of  impacts 
on  the  marine  environment.  Worldwide  population  growth  will  contribute  to 
increased  ecoiu^mic  development  of  the  earth's  coastlines  and  their  estuaries. 
Industrial,  a^cultural,  and  domestic  pollution,  coupled  with  hydraulic  en- 
gineering of  freshwater  systems,  will  adversely  affect  biological  productivity^ 
in  coastal  waters  and  interfere  with  aquaculture.  Growing  demand  for  com- 
mercially preferred  fish  will  increase  pressures  on  these  stocks.  Overfishing 
may  increase,  and  a  growing  proportion  of  the  global  catch  will  be  composed 
of  nontraditional  species.  Continued  deforestation  will  lead  to  destructive  silt 
deposition  in  river  estuaries,  deltas,  and  on  adjacent  coastal  shelves.  More 
energy-related  pollutants— petroleum  hydrocarbons,  radioactive  materials, 
and  waste  heat — ^will  enter  the  oceans,  and  the  increased  production  of  various 
minerals  will  add  to  the  amount  of  toxic  wastes  entering  coastal  waters. 
Dredging  and  deep-sea  mining  will  disrupt  coastal  and  oceanic  ecosystems. 


Introduction 

The  earth  is  truly  a  water  planet.  The  waters 
of  the  oceans  cover  71  percent  of  the  earth's  sur- 
face and  amount  to  97  per  ent  of  the  earth's  total 


♦There  ire  two  emerging  energy  technoio^es  that  deserve 
„oig  here  —  Ocean  Thermal  Energy  Conversion  (OTEC)  and 
deep  water  hydrocarbon  exploration.  Neither  of  these  tech- 
nologies art  projected  to  be  making  a  major  contribution  to 
the  wofW's  energy  supplies  by  1990  (where  the  DOE  projec- 
tiofiff  stop),  but  both  may  be  in  early  growth  stages  by  2000. 
Both  may  have  very  significant  impacts  on  the  marine  envi- 
ronment. 

The  OTEC  technology  utilizes  the  temperature  difference 
between  the  warm  surface  water  and  the  cold  deep  water  to 
generate  electricity.  OTEC  planu  are  likely  to  be  anchored 
in  watcn  doae  to  subtropical  and  tropical  islands.  Each 
piaot  may  take  in  and  discharge  as  much  water  as  the  flow  of 
a  targe  river.  Environmental  effects  could  include  death  of  vast 
numbers  of  plankton,  and  larva<*  coastal  and  oceanic  fishes 
and  benthk  organisms  by  en;? atnment  through  heat  exchang- 


water  supply.  So  vast  is  this  volume  that  more 
than  200,000  years  would  be  needed  by  a  river 
the  size  of  the  Amazon  to  drain  the  world's 
oceans. 

For  an  understanding  of  the  future  of  the 

ers,  chemical  anti-fouling  treatments  using  chorine  or  other 
biocides,  and  thermal  shock. 

Hydrocarbon  exploration  and  production  will  occur  in  pro- 
gressively ^r  waters,  introducing  into  vulnerable  oceanic 
ecosystems  unprecedented  quantities  of  drilling  muds  and  cut- 
tings, well  treatmem  fluids,  oily  brines,  natural  gas  flared  un- 
derwater, and  oil  spills.  Oil  spills  are  a  special  concern  because 
production  in  oceanic  waters  will  probably  be  by  seabed  sys- 
tems rather  than  above-water  platforms,  making  blowout  re- 
pairs and  spill  cleanup  operations  particulariy  difficult.  (Ocean 
Thermal  Eturgy  Conversion  1977:  Environmental  Develop- 
ment Plan  (EDP).  Washington:  U.S  Department  of  Em W 
1978;  James  J  Geraghty  ct  al..  World  Atlas  of  the  United 
States.  Port  Washington.  N  Y  :  Water  Information  Center. 
1973.) 
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world's  environment,  the  immensity  of  the  oceans 
IS  important  for  two  reasons.  First,  because  of 
their  size  and  other  properties,  the  oceans  have 
«  major  role  in  determining  the  energy  flows  and 
the  macroenvironment  of  the  entire  planet.  Thus 
the  condition  of  the  oceans  is  of  planetary  signif- 
icance. Second,  the  oceans'  enormous  size  pro- 
vides a  large  amount  of  dilution  and  stability.  As 
a  result,  change  comes  slowly  to  the  oceans,  and 
changes  are  often  difficult  to  detect  and  even  more 
difficult  to  control. 

The  major  flows  involved  in  the  oceans'  influ- 
ence on  the  world's  macroenvironment  are  illus- 
trated in  Figure  15-6.  Through  evaporation 
precipitation,  and  runoff,  the  oceans  are  linked 
with  the  atmosphere  and  soil  in  determining  the 
primary  flows  of  solar  energy  and  thus  the  planet's 
temperature  distribution  and  climate.  The  mas- 
Mve  heat  storage  capacity  of  the  oceans  is  one  of 
'die  strongest  stabilizing  infiuenceson  the  planet's 
climate. 

The  absorption  and  outgassing  fiows  noted  in 
Figure  13-6  are  simplified  representations  of  the 


highly  complex  carbon  and  oxygen  cycles,  which, 
through  photosynthesis  in  plants  and  respiration 
in  most  organisms,  further  link  oceans,  soil,  and 
atmosphere.  In  the  oceans,  minute  phytoplankton 
annually  fix  40  billion  tons  of  carbon  from  carbon^ 
dioxide  and  release  billrbns  of  tons  of  oxygen."* 
Both  oxygen  and  carbon  dioxide  gases,  are  ex- 
changed with  the  atmosphere.  Settling  and  de- 
composition provide  nutrients  and  energy  to  life 
in  the  tower  ocean- water  strata. 

Although  there  are  still  uncertainties,  the  major 
stabilizing  functions  of  the  oceans— the  water, 
oxygen  and  carbon  cycles— are  not  likely  to  be 
seriously  disrupted  over  the  next  two  decades. 
The  major  impacts  on  the  oceans  are  more  likely 
to  occur  as  a  result  of  yet  another  fiinction  of  the 
oceans,  namely,  as  the  ultimate  receptacle  for 
much  of  the  world's  unwanted  waste  materials- 
toxic  substances,  sediments,  agricultural  chemi- 
cals, oil,  sewage,  and  solid  litter. 

The  fiows  toward  the  oceanic  "sink"  are  also 
illustrated  in  Figure  13-6,  Most  of  the  waste  flows 
start  on  land  and  move  through  runoff,  dumping. 


ERIC 


sen 


ENVIRONMENT  PROJECTIONS 


301 


evaporation,  precipitatioi^  fallout,  and  absorp- 
tion into  tile  ocean  waters. nvfarine  transportation, 
seabed  oil  development,  and  seabed  mining  also 
contribute  to  the  flow  of  damaging  wastes 

A  major  impact  on  living  marine  resources  is 
implied  by  the  Global  2000  Study's  projections. 
These  resources  now  make  an  important  contri- 
bution to  the  economics,  health,  and  welfr.re  of 
many  nations.  Fisheries  contribute  about  2  per- 
cent of  the  food  calories  consumed  globally  by 
humans,  and  directly  supply  approximately  14 
percent  of  the  world's  animal  protein  consumed 
by  humans.  In  a  number  of  LDCs  and  industrial- 
ized nations,  such  as  Iceland,  Japan,  the  Philip- 
pines, and  Vietnam,  animal  protein  from  ocean 
organisms  is  a  major  component  of  the  national 
diet,  in  some  cases  making  up  over  one-half  of 
animal. protein  consumption. '  Any  reduction  in 
calories  and  protem  frcTi  the  oceans  will  have 
serious  implications  for  the  populations  of  such 
areas. 

Major  changes  in  the  composition  of  living  ma- 
rine resources  are  anticipated,  especially  m  the 
coastal  waters.  These  changes  will  come  about  as 
a  result  of  habitat  destruction  and  wa^te  deposi- 
tion and  concentration,  and  particularly  from  pol- 
lutants such  as  synthetic  organic  chemicals  and 
heavy  metals.  In  some  areas  habitat  destruct!(>n 
is  proceeding  rapidly  and  is  a  major  threat.  Con- 
tamination of  4he  marine  environment  occurs  at 
different  rates  m  different  areas.  Its  senujsness 
depends  on  a  number  of  considerations 


Because  of  their  enormous  volume,  ocean 
waters  are  potentially  capable  of  much  dilution 
of  polluting  wastes.  However,  the  ocean  waters 
themselves  are  not  the  ultimate  resting  place  for 
many  wastes  entering  the  oceans.  Some  materialf 
are  biologically  degraded,  others  are  transported 
by  particulate  fallout  and  chemical  precipitation 
to  the  sediments  of  the  ocean  floor,  as  indicated 
in  Figure  13-6.  The  rate  at  which  wastes  reach 
various  parts  of  the  ocean  is  therefore  important 
in  determining  their  concentration  and  ultimr*e 
fate.  There  is  extreme  variation  in  the  times  re- 
quired. 

.There  are  two  basic  kinds  of  marine  ecosys- 
tems: coastal  and  oceanic.  Table  lJ-22  briefly 
describes  these  two  ecosystems  and  indicates  (1) 
the  type  of  jX)llution  affecting ^each  kind,  (2)  the 
effects  of  the  pollution,  and  (3)  the  duration  of 
th  effects.  One  fact  that  stands  out  strikingly  in 
the  table  is  that  the  highly  productive  coastal 
waters — including  the  world's  estuaries,  coastal 
wetlands,  reefs,  and  the  many  marginal  seas  over 
the  continental  shelves  and  slopes^— account  for 
only  10  percent  of  the  total  area  of  the  global 
marine  environment,  whereas  the  relatively  less 
productive  (biologically  speaking)  open  oceans 
constitute  90  percont. 

An  important  di.  tinction  between  coastal  and 
oceanic  waters  is  the  large  difference  in  the  du- 
ration of  effects  from  various  pollutants,  many  of 
which  have  only  relatively  short-term  effects  in 
coastal  waters.  Although  .hese  effects  are  ex- 


TABLE  13-22 

Categories  of  ^/cean  Areas  and  Types  of  Pollution,  with  Effects  on  Uses  and  riicir  Duration 


Typfs  of  Pollut:L.n 


Effects  on  Uses  and 
Pollution  Trcuus 


Duralion  of  Effects 


CoAsiAL  Waters 
(!0  ptrcem  of  total  arra,  99  pfrctnt  of  total  fish  production') 


Sewage,  industrial  wastes,  litter,  petro- 
leum hydrocarbons 


Syn*\eir  organic  chemicals,  metals,  ra- 
dioactivity 


Living  resources  destuyed  or  rendered 
unusable,  industrial  u'/:s  of  seawMcr  ad- 
versely influencco,  amenities  reduced, 
recreational  values  diminished 

Living  resources  decreased  or  rendered 
unusable 


Short-term,  mtlinly  dunng  period  of  dis- 
charge 


i  « -term,  metals  and  s>nih«tic  organic 
c  ..icals  depi^sited  in  sediments  may  be 
released  for  a  long  time  through  normal 
leaching  ar^d/or  dredging  disturbance 


Opl  N  O  tAN 

i90  penent  of  total  area,  I  pfrctnt  of  total  fish  production*) 
Synthetic  organic  chemicals,  metals,  pc-     Increasing  conccntralions  m  water  and     Long-term,  duration  depends  on  ih^  'cs- 
trokum  hydrocarbons;  radioactivity        organisms  may  indicate  danger^^us  .rends     idence  tirr.e  of  pollutant  

Sount  \licM«l  WiWichuk.  C/o^«/ A\«;«4.of!  An  Ovfrvww  Pirw  l^NfcSCt^  \Vn  ^  \1 
•  iMdMdUif  1^  produtiion  from  upwelJinf  ire«  *  l  icMmg  fi*h  pfixiucUon  from  upwellmf  trc i 
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trcmely  'erious  m  some  instances,  their^ntensity 
may  Iv;  educed  rapidly  after  the  discharge  is  ter^ 
minat..d.  Other  ,x)llutants  can  have  longer-term 
effectJ  due  to  bioaccumulation  and  accumulat^'d 
sedimentary  deposits.  In  the  open  ocean,  pollu- 
tants have  the  potertial  to  produce  delayed  ef- 
fects. In  addition  to  bioaccumulation  and 
interactions  with  coastal  zone  sediments,  pollu- 
tant effects  on  the  open  ocean  are  prok/nged, 
smce  most  ocean*  waters  below  a  depth  of  l(K) 
meters  exchange  with  surface  and  coastal  waters 
relatively  slowly— usually  over  time  periods  on 
the  order  of  hundreds  or  thousands  of  years 

Because  deep  open-ocean  waters  are  so  differ- 
ent from  coastal  waters  in  the  rate  at  which  they 
receive  and  experience  the  effects  of  pollutan**^, 
these  two  major  ocean  aitas  will  be  considered 
separately.  The  implications  of  the  Global  2(KK) 
Study  projections  for  coastal  waters  are  consid- 
ered first  under  the  following  topics  coastal  de- 
velopment; coa,stal  pollution;  and  overexploitation 
of  living  marine  resources. 

The  implications  of  the  projections  for  the  deep 
open-ocean  waters  must  be  examined  sepaiatciv 
Not  enough  time  will  have  elapsea  by  the  year 
2000  foi  projected  developments  to  greativ  affect 
these  waters.  The  discussion  ot  the  open  ocean, 
therefore,  will  be  primarily  m  terms  of  the  ^rends 
established  over  the  next  two  decades  that  will 
ultimately  have  imphcaoons  for  oceanic  ec  ^  s- 
tems. 

Effects  of  Coastal  Development 

The  earth's  coastal  w-ters  and  ecosystems  are 
important  for  human  society  because  they  are 
highly  productive  biologically  and  because  they 
support  a  wide  range  of  economic  activities  These 
ecosystems  are  strongly  influenc  d  by  changes  m 
the  physical  and  biological  conditions  of  the 
coastal  seabed  and  adjacent  land.'^^  Many  of  the 
Global  2000  Study's  projections  suggest  a  variety 
of  coastal  developments  that  am  be  expected  to 
cause  extensive  and  adverse  changes  m  the  bio- 
logical productivity  of  the  world's  coastal  Aones. 

In  the  next  two  decades,  a  significant  conse- 
quence of  many  of  the  Cilobal  2(KK)  projections 
will  be  a  dramatic  growth  n  coastal  development 
Population  pressures  will  lead  to  rapid  lates  of 

V  coastal  settlement  and  urbanization,  especially  in 
LDCs.  Rivers  emptying  into  estuaries  will  be 
dammed  to  ensure  adequate  supplies  of  water  ")i 
burgeoning  metropolitan  areas  and  agriculture 

^  Rivng  GNPs  and  energy  demand  will  encourage 
the  expansion  of  coastaJ  industrial  facilities,  and 
the  consequent  development  will  nave  serious 
impacts  upon  the  marine  environment. 
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^  Coastal  dredging  is  likely  to  be  extensive.  The 
Global  2000  Study^s  minerals,  technolo^^v,  en-  i 
ergy,  population,  and  GNP  projections  indicate 
th^t  offshore  dredging  for  landfill,  improved  port 
and  waterway  facilities,  and  construction  material 
can  be  expected  to  continue.  Coastal  dredging  of 
anchorages  and  channels  destroys  ihe  immediate 
benthic  area  and,  through  sedimentation,  can  af- 
fect more  distant  zones.  Commercial  dredging  of 
gravel ,  coi  al ,  and  coral  sands  is  already  conducted 
in  many  areas  in  waters  as  much  as  100  meters  m 
depth 

Marme  transportation  is  still  the  cheapest,  most 
energy-efficient  mode  of  transporting  mdterials  in 
bulk,  and  the  Study^s  food,  minerals,  and  energy 
projections  suggest  that  ^t  will  accelerate  at  least 
as  much  over  the  next  few  decade:,  as  in  the  last 
few  Gioss  registered  tonnages  of  ocean  vessels 
'^ave  grown  by  9  pe.cent  annually  during  recent 
years,  while  the  volumes  transported  have  in- 
creased by  6^-9  percent,'"*^  If  present  growth  rates 
continue,  marine  transport  will  have  increased 
three  to  sevenfold  b>,  the  year  2(KK),  To  accom- 
modate the  increased  marine  traffic,  existing  port 
facilities  will  have  to  be  expanded  significantly, 
and  corre-.ponding  increases  in  secondary  eco- 
nomic activities  and  human  settlement  in  coastal 
areas  can  be  anticipated.  Dredging,  filling,  pav- 
ing, and  construction  of  terminals,  factories,  set- 
tlements, and  service  roads  will  increase  noise,  air 
and  water  pollution,  and  will  greatly  reduce  pro- 
ductivity 'Mversity,  and  stability  of  coastal  and 
adjacent  ecosystems    Increasing  marine  tia^fic 
may  bring  proportional  increases  in  catustropnic 
spilis  and  chronic  pollutio,i  from  discharges  of 
bailast  and  tank  washings.  However,  international 
agreements  requiring  the  use  of  navigation  aids, 
segregated  ballast  tanks,  and  other  features  to 
reduce  oil  pollution  should  dimmish  adverse  ef- 
fects of  increased  m  arine  traffic. 

A  less  widely  recognized  problem  is  "h.ological 
pollution,  "  the  introduction  of  nor  lanve  species 
into  coastal  ecosystems  Newly  introduced  species 
freed  of  their  natural  predat^^  s,  parasites;  and 
competitors  can  severely  disrupt  food  webs,  di- 
^versity,  and  stability  and  may  efiectively  eliminate 
Valuable  native  livirfg  marine  resources.  Besides 
marine  transportation-related  sources  of  biologi- 
cal int,  .>duction  such  as  ballast  waters,  bio-fouling 
on  vessels  and  mobile  drilling  rigs,  and  >ea  level 
canals,  nonnative  species  may  be  introduced  de- 
liberately or  accidentally,  as  in  clumps  of  trans- 
planted oysters, 

Cnce  established,  settlements,  factories,  refin- 
eries, power  plants,  and  port  facilities  along  the 
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coastal  zones  ^re  not  easily— nor  are  they  likely 
to  be — relocated.  Furthermore  there  is  a  limit  to 
the  modification  feasible  should  their  presence  or 
their  de!ayed,  indirect  environmental  impact  prove 
severely  damaging  to  coastal  ecosystems.  The  ex- 
pected result  of  the  next  two  f*ecadcs  of  devel- 
opment along  coastlines  is  damaging  physical 
alteration  or  total  destruction  of  habitat — partic- 
ularly in  estuaries  and  wetlands  and  on  coral 
reefs — that  will  adversely  affect  marine  organisms 
and  natural  nutrient  and  waste  cycling  processes. 

Impacts  on  Estuaries  and  Coastal  Wetlands 

Estuaries/  and  t  ie  salt  marshes  and  mangrove 
communities  that  make  up  coastal  wetlands,  are 
globally  v%»despread.  One  third  of  the  population 
of  the  United  States  lives  and  works  in  regions 
surrounding  estuaries,  and  of  ihe  10  largest  met- 
ropclitan  areas  in  the  world,  seven  border  existing 
or  former  estuarine  regions  (New  York,  Tokyo, 
London,  Shani'.hai,  Buenos  Aires,  Osaka,  and 
Los  Angeles).  Estuaries  and  coastal  wetlands  ac- 
cumulate natural  riverborne  sediments  as  well  as 
wastes  from  nearby  urban  areas.  Nutrients  are 
cycled  in  estuaries  and  wetlands.  Large  phyto 
plankton  and  zooplankton  populations  responsi- 
ble for  the  high  productivity  of  global  coastal 
fisheries,  as  well  as  benthn  plant  production,  al- 
gae, salt  marsh  grasses,  seagrasses  and  mangrove 
communities  result  from  this  rich  nutrient  supply. 
It  is  estimated  that  60-80  percent  of  the  com- 
mercial marine  fisheries  species  are  dependent 
upoi  estuarine  ecosystems  during  part  or  all  of 
their  life  cycles.** 

Salt  marshes  and  mangrove  communities  are 
distributed  all  over  the  world  and  are  either  as- 
sovtated  with  estuaries  or  coastal  barrier  is- 
lands Intertidal  salt  marshes  are  a*  exceptionally 
fertile  part  of  coastal  zone  estuarine  ecosystems. 
Salt  marsh  grasses  recycle  mineral  and  organic 
I  Orients  entering  the  marsh  environment,  cre- 
ating an  area  of  biologica!  productivity^^that  can 
yield  10  tons  of  orgar.Sv  material  per  acl-e  per 
y^ar.^  Cyclic  tidal  flooding  circulates  detritus 
and  dissolved  nutrients  to  other  marsh  areas  aild 
to  offshore  organisms.  Much  of  the  decomposing 
plant  mattQT  goes  to  the  floor  of  the  marsh,  pro- 
ducing rich  deposits  of  organic  peat.  Ultinr»ately, 
low  ti  ial  marshes  can  actually  build  themselves 
up  ..nd  out  of  the  tidal  range ,^  contributing  :o 


•"Esluary"  has  been  u^cd  to  describe  the  lower  reaches  ot  a 
iiver  in  which  scawaler  mixes  wilh  freshwaler  Ilie  definition 
can  be  expanoed  to  include  bays,  inlets,  gulfs,  and  sounds  into 
which  several  nvers  empty  and  in  which  the  mixing  of  freeh- 
and sallwaler  occurs  (Charlw  B  Officer.  '  Physical  Ocean- 
og  jphy  of  EMuanes."  Octanus.  Fall  1976.  p  * ) 
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coastline  stabilization.  Lush  salt  marshes  .Iso  pro- 
vide a  habitat  tor  a  wide  variety  of  fish,  shellfish, 
wildfowl  and  mammals.  Many  ducks,  geese  and 
other  wateifowl  use  coastal  wetlands  af  resting 
stations  and  feeding  grounds  during  migratory 
movements.  Fish  such  as  flounder  and  bluefish 
may  make  transient  use  of  marshes  for  feeding, 
overwintering  or  as  nurseries.^ 

Like  salt  marshes  and  estuaries,  tropical  man- 
grove communities  are  highly  productive.  The  net 
primary  production  from  mangrove  ecosystems  is 
utilized  by  a  variety  of  organisms  in  a  complex, 
detritus'based  food  web.  As  a  transitional  eco- 
logical belt,  mangroves  serve  to  protect  the  shore- 
line, are  a  source  of  raw  materials  '  human 
populations,  act  as  a  shelter  for  bird  atio  r.^ammal 
species,  and  are  nursery  and  breeding  grounds  for 
freshwater  and  marine  organisms.  A  large  num- 
ber of  commercially  imp>ortant  fish  and  shellfish 
of  the  tropical  coastal  waters  depend  directly  or 
indirectly  on  mangrove  communities  for  food  and 
shelter  during  their  lives. ^ 

The  water,  food,  climate,  and  population  pro- 
jections imply  that  future  water-supply  and  con- 
servation efforts  may  include  construction  of 
freshwater  dams  and  irrigation  works.  However 
useful  these  projects  n^ay  be,  they  may  reduce  the 
diversity,  productivity,  and  stability  of  the  marine 
environment.  Already,  the  damming  of  rivers 
flowing  into  estuaries  reduces  the  size  of  wetlands 
an(  diminishes  the  flow  and  alters  pcjriodicity  of 
freshwater  entering  the  coastal  zone.  As  yet,  little 
definitive  information  is  available  with  which  to 
anticij  ate  the  ultimate  effect  of  such  human  ma- 
nipulation of  the  hydrology  of  salt  marshes  and 
mangrove  communities,^"  but  it  can  be  reasona- 
bly expected  that  global  damming  or  diversion  of 
estuarine  river  systems  will  disturb  or  destroy 
many  estuarine  habitats  for  fish  and  wildlife,  and 
will  disrupt  the  normal  processes  of  nutrient  aup- 
oly  and  cycling.  As  a  consequer.ee,  estuarine  eco- 
systems and  their  distribution  and  abundance  of 
plants  and  animals  can  be  expected  to  be  signif- 
icantly altered.'" 

Salt  mc.rs^es  have  historically  been  filled  or 
dredged  to  accommodate  the  needs  of  human  set- 
tlements, agriculture,  and  industry  the  world 
over.^"  The  alteration  of  salt  marsh  wetlands  con- 
tinues today  for  the  establishment  of  new  resi- 
dences, for  recreation,  and  industry,  in  theUnited 
States,  commercial  "finger-fiir*  lagoons  have 
been  dredged  out  of  salt  marsh  to  provide  docking 
space  for  marinas  and  land  for  housing  sites.*" 
Salt  ma*'shes  have  been  dr-.dged  for  boat  and  ship 
harbors  in  the  course  of  commercial  development 
of  coastal  barrier  islands  as  well    These  practices 


3G:t 


304 


THE  PROJECTIONS 


are  environmentally  detrimental.  Instead  of  the 
healthy  flushSng  of  salt  marsh  organic  matter  into 
adjacent  waters,  the  organic  matter  collects  on 
the  stagnant  canal  bottoms,  depleting  the  oxygen 
frorr  the  canal  waters,  thus  killing  or  driving  a*vay 
valuable  fish  anu  shellfish/*^  Leftover  dredge 
spoils  from  channel  and  boat  basin  construction— 
and  from  their  subsequent  mamtenance  dredg- 
ing—often have  been  dumped  on  nearby  undis- 
turbed wetlands,  where  they  smothered  established 
plant  life  and  bottom-dwelling  animals,  polluted 
soil  and  water,  and  drastically  altered  the  overall 
topography  of  the  marsh  Dredge  spoils  are 
often  dumped  in  offshore  coastal  waters,  and  the 
resulting  spoil  deposits  smother  and  intoxicate 
benthic  organisms  Sediments  mobilized  and  re- 
suspended  by  bottom  currents  and  upwellingscan 
also  move  the  spoil  material  inshore,  or  pollute 
more  removed  areas. 

Salt  marsh  lands  have  been  regarded  globally 
as  prime  areas  for  industrial  siting  Marshes  also 
bear  the  brunt  of  the  often  environmentally  de- 
structive aftermath  of  economic  development. 
For  example,  new  refineries,  power  stations,  and 
dikes  are  being  planned  for  construction  on 
marshy  European  coastiines.^*/Rivers  carrying 
industrial  pollutants  contamin^e  their  own  es- 
tuarine  marshes  as  well  as  those  adjoinmg  or  con- 
nected by  coastal  currents;  chemicals,  metals,  and 
petroleum  pt)llutants  carried  to  the  sea  in  the 
Rhine  River  have  tended  to  move  northward  to 
pollute  the  Wadden  Zee  tidal  flats  in  the  Neth- 
erlands. 

Mangrove  ecosystems  are  also  facing  destruc- 
tion through  development  In  many  countries  with 
large  and  rapidly  expanding  pooulations,  man- 
grove areas  are  seen  as  areas  for  human  settle-* 
ment  and  zones  of  more  intensive  exploitation— 
a:  in  southern  Florida,  U.S  A.,  where  extensive 
areas  of  mangrove  have  been  bulldozed  and  then 
filled  with  dredged  sediments  to  create  land  for 
housing  developments  ' 

Mangrove  communities  h  ive  been  destroyed  to 
make  way  for  other  forms  of  land  use  such  as  fish 
ponds,  urban  development,  and  indu^^rlal  sites 
Coastal  mining,  logging  without  replanting,  and 
military  dtShation  have  destroyed  mangroves  as 
well.-*'*  Destructive  influences  on  mangrove  com- 
munities also  include  the  diversion  or  regulation 
of  freshwater  streams  and  rivers.  The  resulting 
reduction  of  freshwater  flows  cause  estuarine  soils 
to  become  excessively  salini/ed,  a  condition  m 
which  mangroves  cannot  survive  A  >  a  result  of 
v.iese  varied  development  practices  during  the 
1960s  and  197()s,  there  has  been  widespread  and 
apid  degradation  or  destruction  of  extensive 


mangrove  areas  along  the  coasts  of  the  Americas, 
Africa,  east  and  west  Malaysia,  the  Philippines, 
Indonesia,  Vietnam,  Singapore,  east  and  wesi  In- 
dia, east  and  south  Australia,  and  south  Thai- 
land/*" 

Impacts  on  Coral  Reefs 

The  loss  to  the  marine  environment  of  coral 
reef  ecosystems  is  great  Coral  reefs  are  among 
the  most  extensive  and  productive  shallow  marine 
communities.^^*  Reef  habitat-:,  comparable  m 
complexity  and  diversity  to  tropical  ram  forests,^^ 
p.ovide  food  and  shelter  for  approximately  one- 
third  of  all  fish  species  and  for  seemingly  countless 
invertebrates,  some  of  which  contain  or  produce 
a  wide  range  of  pharmacologically  active  com- 
pounds. In  addition,  reefs  function  as  buffers 
against  ocean  forces.  As  self-repairing,  energy- 
dissipating  breakwaters,  they  protect  thousands 
of  miles  of  continental  and  island  coastlines  from 
erosion  in  Southeast  Asia,  the  Middle  East,  the 
Central  and  South  Pacific  and  the  Caribbean.^" 
Coral  reefs  m  the  U.S.  Virgin  Islands,  Micro- 
nesia, the  Seychelles,  Puerto  Rico,  the  Bahamas, 
Hawaii,  and  Florida  have  been  damaged  or  de- 
stroyed entirely  as  a  result  of  poorly  planned  and 
managed  dredging.^^  Continued  tlestruction  of 
coral  i>,ef  habitats  through  dredging  activities  will 
ultimately  affect  the  marine  environment  and  its 
coastal  productivity  and  protection  capabilities. 

In  short,  anticipated  coastal  development  will 
lead  to  large-scale  destructyDn  of  estuaries,  coastal 
wetlands  (salt  marshes  and  mangroves),^  and  coral 
reefs.  Notwithstanding  the  vital  role  of  these  areas 
m  maintaining  coastal  productivity  and  protec- 
tion, coastal  development  during  the  present  cen- 
•^ury  has  already  reduced  the  total  world  acreage 
significantly,"^ 

If  present  trends  continue  throughout  the  next 
two  decades,  the  increases  m  human  population 
density  and  industrial  and  commercial  activity  will 
have  yet  more  substantial  elfects  on  the  biological 
productivity  of  the  oceans'  coastal  waters.  The 
liabitats  provided  by  estuaries,  salt  marshes,  man- 
grove communjjfies,  and  reets  will  suffer  the 
stresses  of  coastline  development,  and  their  loss 
will  contribute  significantly  to  changes  in  size  and 
species  composition  of  the  global  fisheries  catch. 

Coastal  Pollution 

Coastal  waters  the  world  over  constantly  re- 
ceiv^'  direct  injections  of  polluting  materials  through 
river  discharge,  coastal  outfalls,  dumping, , and 
atmospheric  t.ansport.^"  The  agriculture,  popu- 
lation, minerals,  forestry,  and  energy  projections 
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suggest  that  the  amount  of  pollutants  entering  the 
coastal  zones  will  increase  between  now  and  the 
year  2000.  Toxic  chemical  contamination,  as  yet 
largely  uncontrolled,  is  likely  to  have  the  most 
damaging  impact  While  only  a  small  number  of 
all  toxiC  chemicals  are  of  agricultural  origin,  even 
the  projected  increases  in  pesticide  and  herbicide 
use  have  serious  implications  for  the  coastal  en- 
vironment. Pollution  from  expanding  use  of  fossil 
fuel  energy  sources  will  continue  to  afflict  coastal 
waters  and  their  living  resources.  The  impact  of 
sewage,  silt,  and  fertilizer  nutrients  will  grow  and 
have  critical  local  and  reigionai  consequences.  As 
GNPs  rise  globally,  the'  volume  of  solid  wastes 
discarded  or  deposited  in  the  oceans  will  increase 
as  well. 

Collectively,  the  anticipated  amount  of  coastal 
pollution  IS  seen  to  be  a  major  problem  for  the 
marine  environment  in  the  future.  Pollutant  stress 
on  ocean  life  forms  can  cause  chemical-physical 
damage  to  cell  membranes  or  tissues,  modifica- 
tion of  biochemical  reactions,  buildup  of  micro- 
bial pathogens,  low  environmental  oxygen  levels, 
viral  infections,  skeletal  anomalies,  and  genetic 
abnormalities  Several  indicators  point  to  rising 
levels  of  pollution  in  coastal  waters.  In  fish,  a 
degenerative  disease  syndrome  aptly  named  **fin 
erosion"  is  associated  with  degraded  estuarine  or 
coastal  environments  and  has  been  observed  in 
U.S.  coastal  waters,  in  Tokyo  Bay.  and  in  the 
Insh  Sea  A  similar  condition  affects  crabs,  lob- 
sters, and  smaller  crustaceans.^"  In  the  New  York 
Bight,  heavy  municip^il  and  industrial  pollution 
and  long-term  dumping  of  dredge,  sewage,  and 
industrial  wastes  has  caused  fouling  of  shellfish 
gills  by  parasites  and  detritus.'"  The  collection  of 
contaminated  shellfish  is  prohibited  m  certain 
areas  because  of  hazards  to  human  health  * 

Toxic  Waste  Pollution 

Toxic  waste  pollution  (also  discussed  above  in 
the  section  entitled.  "The  GNP  Projections  and 
the  Environment.  ')  will  be  discussed  here  be- 
cause many  toxic  substances  eventual^  find  their 
way  into  the  sea  via  the  atmosphe»».  orcmtmental 
runoff.  By  either  route,  to.xic  '  iStc  pollution  is 
one  of  the  most  scuous  threats  to  the  nealth  of 
the  coastal  oceans 

*Trcnds  in  «»heMfish  cont  imimiion  ami  ihc  closure  of  shellfish 
bed*  in  the  U  S  .  d\  w  U  dN  d  UocripUtui  of  the  innuvalivc 
Mussel  Watciv— a  mr»niU).2ng  program  thai  uses  mollusk  tissue 
pollutant  levels  as  an  ind'tator  oi  cstuann'  cnvimnnicntal 
quality— are  discussed  ip  r.ailogy  and  L'ving  Resources. 
Council  on  Environmental  Oc^ihrv.  Envmmmfntal  Quality 
1979,  Washington  Government  Printing  Office  f(»rthc<»ming 


Toxic  substances  include  those  that  are  carcin- 
ogenic (causing  cancer),  mutagenic  (producing 
mutations),  and  teratogenic  (causing  birth  de- 
fect*). Many  toxic  substances  possess  two — or 
even  all  three — of  these  specific  properties. 

Over  4  million  chemical  compounds  have  been 
reported  to  the  American  Chemical  f'xriety  for 
listing  in  the  Society  s  registry.  Of  ihr  hemicals 
listed,  about  "^O.IXK)  are  now  in  production  in  the 
United  States.  50  in  quantities  greater  than  1.3 
billion  pounds  per  year.^^  Unfortunately,  not  all 
70,(Xy)  will  be  adequately  tested  for  toxicity  or 
environmental  hazards.  Studies  to  determine  en- 
vironmental persistence,  transport,  and  long-term 
biological, effects  are  expensive  both  in  time  and 
money,  $nd  the  substances  to  be  measured  are 
often  not  only  low  in  concentration  out  accom- 
panied by  other  substances  that  produce  syner- 
gistic effects  and  complicate  analysis  of  the  data. 
Relatively  few  contaminants  have  been  monitored 
to  the  point  where  trends  can  be  detected,  and 
linics  between  human  health  and  the  contaminants 
at  the  levels  at  which  they  occur  are  only  tenuously 
understood.^* 

One  of  the  gravest  perils  to  human  and  marine 
life  is  that  relatively  persistent  toxic  chemicals  and 
metals  might  build  to  dangerous  levels  before 
being  detected,  as  occurred  in  the  mercury-poi- 
soning incident  at  Minamata  Bay,  Japan  (see  Ta- 
ble 13-28,  below).  The  Minamata  Bay  tiagedy  is 
by  no  means  the  only  instance  in  which  long-lived 
toxic  chemical  have  been  released  in  a  way  that 
will  ultimately  lead  to  their  entry  into  the  oceans. 
The  Kepone  contamination  of  the  James  River  in 
Virginia  provides  another  example. 

Until  It  was  ordered  to  stop  in  1975,  a  Hope- 
well. Virginia  chemical  company  under  contract 
to  Allied  Chemicals  had  been  dumping  quantities 
of  chemical  waste  into  the  James  River  in  the 
course  of  manufacturing  the  insecticitie  Kepone. 
About  1.5  million  gallons  of  highly  toxic  material 
were  created  and  dumped.  In  I97t>,  the  strange 
symptoms  that  had  been  exhibited  by  workers  at 
the  plant  manufacturing  this  white-powder  chem- 
ical compound  were  attributed  to  Kepone  poi- 
soning. The  acute  physical  symptoms  of  this 
poisoning  are  evident,  but  its  long-term  effects  on 
humans  and  animals  c.ie  st^ll  unknown.  Since  Ke- 
pone IS  b»oaccumu'ative  and  environmentally  per- 
sistent, aquatic  life  downriver  from  Hopewell  and 
m  the  James  River  estuary  will  be  affected  for 
many  years,  even  though  the  source  of  pollution 
has  been  eliminated. 

Polychlorinated  bipheryls  (PCBs)  have  been  in  « 
use  for  half  a  century  More  recently  they  havi 
b'  cn  discovered  to  cause  cancer  in  laboratory  aii- 
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imals,  and  skin  diseases,  jaundice,  and  liver  dam- 
age in  humans.  In  the  Baltic  Sea,  only  a  few 
thousand  gray  seals  remain  of  a  population  esti- 
mated to  be  20.C00  in  1940.  due  to  the  seal's  diet 
of  PCB-contaminated  fish."^  In  the  United  States, 
the  Toxic  Substances  Control  Act  of  1976  pro- 
hibits the  sale  of  PCBs  after  July  I,  1979.  but  this 
persistent  chemical  will  remain  in  commercial 
products,  municipal  dumps,  soils,  and  the  sedi- 
ments of  streams,  lakes,  and  ocean  coastal  zones 
for  years  to  come. 

The  Hudson  River,  already  contaminated  with 
a  complex  mixture  of  toxic  substances,  was  further 
contaminated  in  the  early  1970s  by  approximately 
440,000  pounds  of  PCBs,  discharged  there  by  two 
General  Electric  capacitor  plants.  Now,  much  of 
the  PCB  contamination,  lodged  in  the  river  sed- 
iments over  a  40-mile  stretch  between  Troy  Dam 
and  Hudson  Falls,  poses  a  health  threat  to  the 
150,000  upstate  New  Yorkers  who  drink  the  river 
water,  as  well  as  a  threat  to  cornmercial  fisheries 
in  the  Hudson's  estuary.  Approximately  6,000 
pounds  of  the  accumulated  conta'.nnant  spills 
over  Troy  Dam  each  year. 

In  1976,  General  Electric  ag^'jed  to  pay  ihe 
State  of  New  York  $4  million  for  the  removal  of 
the  polluted  sediment.  Two  years  later,  the  New 
York  State  Department  of  Environmental  Con- 
servation was  requesting  S25  million  in  federal 
funds  to  remove  75  percent  of  the  contaminant 
from  30-40  of  the  most  contaminated  spots  in  the 
liverbed.  Estimates  for  dredging  the  entire  40 
miles  of  polluted  sediments  are  in  the  hundreds 
of  millions,  and  would  take  about  10  years  and 
cause  destruction  of  local  sediment  life  for  at  least 
a  year  or  two  in  each  section  of  the  river  dredged  ^ 
In  the  absence  of  decontamination,  most  of  the 
PCBs  will  ultimately  be  deposited  in  the  Atlantic 
Ocean. 

Pollution  of  the  James  and  Hudson  Rivers  are 
dramatic  illustrations  of  toxic  substance  contam- 
ination that  ultimately  is  transported  to  the  oceans. 
While  these  instances  are  massive  and  serious  in 
and  of  themselves,  hundreds  of  thousands  of 
snallcr  daily  losses  of  chemicals  around  the  world 
have  even  greater  implications  for  the  oceans.  In 
the  next  few  pages,  ma»-me  environmental  prob 
Icms  arising  from  toxic  wastes  will  be  discussed 
by  type  of  pollutant:  synthetic  organic  chemicals, 
heavy  metals,  and  radioactive  materials. 

Synthetic  Organic  Chemicals 

Large  numbers  of  different  synthetic  chem* 
icals  enter  the  oceans  through  rivers,  the  atmos- 
phere and  offshore  coastal  d?!mping  of  chemical 


wastes  and  are  now  ubiquitous  in  the  oceans.*^ 
The  effects  of  most  of  these  chemicals  has  not 
been  carefully  studied,  and  even  if  the  knowledge 
were  available,  the  numbers  of  chemicals  and 
their  even  more  numerous  effects  could  not  be 
fully  addressed  here.  The  discussion  is  therefore 
limited  to  a  few  examples  from  a  group  of  chem- 
icals—halogenated  hydrocarbons— about  which 
there  is  both  concern  and  understanding  (albeit 
limited)  of  their  effects  on  marine  ecosystems. 
Three  heavy  halogenated  hydrocarbons  aiC  con- 
sidered first,  followed  by  examples  of  lighter  hal- 
ogenated hydrocarbons. 

DDT,  poly  chlorinated  biphenyls  (PCBs),  and 
hexochlorobenzene  are  heavy  halogenated  hydro- 
carbons over  which  there  continues  to  be  concem. 
DDT  is  still  widely  used  in  both  agricultural  and 
vector  control  programs  in  many,  nations.  As  dis- 
cussed in  the  food  and  agriculture  section  of  this 
chapter,  the  Global  2000  food  projections  antic^ 
ipate  a  large  increase— on  the  order  of  2  to  4  times 
the  present  amount — in  the  use  of  pesticides  over 
the  next  20  years.  Persistant  pesticides  such  as 
DDT  will  almost  certainly  continue  to  be  used  in 
large  and  increasing  quantities  in  many  areas,  es* 
pecially  in  the  LDCs. 

Atmospheric  transport  is  the  principal  pathway 
by  which  DDT  and  its  metabolites  reach  the 
oceans.  ^  Regional  DDT  contamination  has  been 
shown  to  have  caused  reproductive  failure  in  birds 
and  fish.  In  some  cases  DDT  has  proved  to  be 
toxic  to  fish,^  and  has  interfered  with  their 
gmoreception  and  natural  beh:  ^'ior  patterns.  ^" 
"  stable,  relatively  insoluble  and  non^p 
flammaD(e  compounds — ^are  now  widespread  pol- 
lutants oNhe  marine  environment  as  a  result  of 
inadvertei]|l  spills  and  leakage,  breakage  of  con- 
tainers, and  evaporation.  Besides  beii^  danger- 
ous to  human  health,  they  are  toxic  to  some 
marine  organisms.  ^  PCBs  (and  other  heavy  hal- 
ogenated hydrocarbons  including  DDT  and  its 
metabolites,  and  dieldrin)  are  known  tQ adversely 
affect  vital  estuarine  phytoplankton  communities. 
Field  and  laboratory  experiments  have  shown  that 
a  variety  of  normal  functionsr— ^including  growth, 
photosynthesis,  and  cellular  development— are 
inhibited  in  phytoplankton  when  they  are  exposed 
to  chlorinated  pesticide  concentrations  ran^^ing 
from  1  to  10  parts  per  billion.  Sustained  high  ccn- 
cent<ations  were  observed  to  cause  cell  rupture 
and  ultimate  death.  As  a  result,  these  chemicals 
in  the  marine  environment  may  adversely  affect 
natural  food  chains  by  altering  the  quantities  and 
sizes  of  phytoplankton  available  for  zooplankton 
grazing.  Such  changes  could  in  turn  disrupt  trophic 
interactions  within  an  estuarine  community  and 
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coui'j  bring  about  changes  in  the  species  compo- 
sition '>f  many  marine  ecosystems. 

HexachJorobenzene  (HCB)  is  a  stable,  unreac- 
U^e  compound  used  as  a  gram  fungicide  and  a 
component  m  :ome  pesticides.  It  .s  produced  as 
a  by-product  in  ^he  manufacture  of  manv  chlori- 
nated hydrocarbons,  HCB  is  widely  used  as  a  fun- 
gicide in  the  Ne.*r  East.  Australia,  the  United 
States,  and  Eastern  and  Western  Europe, The. 
National  Academy  of  Sciences  has  identified  HCB 
as  a  danger  to  huma-  health  and  to  the  environ- 
ment. Once  transferred  to  the  oceans  via  atmos- 
pheric faltoiu.  waste-dumping,  or  coastal  outfalls 
containing  pesticide  residues.  HCP  is  resistant  to 
chemical,  biological,  or  physical  degradation,^* 
It  is  now  present  in  terrestrial  and  aquatic  food 
webs,  and  has  been  observed  to  be  concentrated 
in  some  marine  organisms  at  levels  similar  to  those 
*  of  DDT  ana  the  PC  Js. 

Halogenated  hydiocarbons  (,f  low  molecular 
weight  are  also  of  concern,  but  their  effects  in  the 
cnvironn^nt  are  different  from  those  of  heavier 
molecules.  Compared  to  the  heavy  h^Jogenated 
hydrocart>cns  sucn  as  DD  W  the  PCBsl  and  diel- 
dnn,  compounds  of  lower  mclecular  height  are 
more  water-soluble.  They  arc  found  Jn  aerosol 
propellants.  fumigani  ,  ^ire  extinguisher^  sol- 
vents, dielectric  insulators,  and  are  used  as  inter- 
medrte*.  jf  organic  •^vnthcsis;  It  is  estimaJed  thai 
tons  of  one  of  these  compounds  (irichior- 
ofluoromct:iane)  enter  \h:  world's  oceans  an- 
nually ^  Those  c  omp^unds  readily  evaporate  and 
remain  wi  (he  atmosp|iere  lon^  enough  to  make 
transfer  *o  ihc  oceans  highly  ikely.  While  lov/ 
molecular  weight  compounds  are  now  ubuiuitous 
in  the  atmosphere  .^nd  in  surtace  waters,  *"  con- 
centrations obseived  s».v  far  in  the  occ^an^^  are  six 
orders  of  magniluue  below  *he  concenfrati-ms  that 
cause  toxic  effects  m  raninu;is  and  aquatic  or- 
ganisms.^^ The  lonp-term  impact  of  these  chem- 
icals at  low  concentrations  is  unknown,  and  -i 
continuing  buildup  of  these  chemicals  could  sig- 
nificantly increase  both  *heir  concentrations  and 
their  potential  hiologica'  consequences 

One  aspect  ot  the  h  ng-term  buildup  of  syn- 
thetic organic  ch  .»micaU  applies  to  both  heavy  ana 
light  molecules.  Unless  monitoring  increase-  jg- 
nificanily.  pollutant  c  ncentrations  may  grow  to 
unmanageable  proportions  before  ihey  are  rec 
ogn«ed  By  thai  time,  they  may  hav<j  become 
ecologically  danger  >us  and,  jven  il  inputs  were 
to  cease,  i^e  effects  of  ihe  materials  continuing 
to  circulate  m  the  ecosphrre  would  be  manifested 
lor  years  afterward.  DDT  use  offers  an  cxaqipie 
ot  this  phenomenon.^  It  has  been  ohser/«^  that 
th(  effects  of  DDT  pollution  on  a  loc  .lized  or 


regional  scale  begin  to  subside  m  individual  spe- 
cies 3-5  years  after  input  to  the  ecosystem  has 
halted.^'  On  a  global  sca'e,  however,  simulation 
models  suggest  that  if  world  application  were 
phased  out.  a  downturn  in  bioaccumulation  and 
physiological  effects  might  not  occur  for  decades 
because  of  the  DDT  residue  remaining  in  atmos- 
pheric, soil,  and  oceanic  res^-'voirs  (Fig,  LV7). 

Heavy  Metals 

All  naturally  occurring  heavy  metal  elements 
are  found  in  the  oceans  at  some  concentration 
Those  metals  introduced  by  human  society  enter 
via  rivers,  industrial  oui^alls  and  domestic  sewers, 
and  through  atmospheric  transport  and  offshore 
dumping  of  waste  materials.  As  a  result,  pollution* 
of  the  marine  environment  by  metals  is  most  ev- 
ident in  the  coastal  zones,  especially  where  mixing 
processes  between  coastal  and  oceanic  waters  are 
slow,  facilitating  accumulation.^  Due  to  their 
oceanic  omnipresence,  most  heavy  metals  are  now 
bioaccumulated  to  some  degree  in  one  or  more 


Figure  l>-7.  The  effect  of  a  gradual  reduction,  start;ng  in 
1971 ,  in  the  use  of  DDT  from  a  simulation  model.  The  usage 
rate  is  assumed  to  reach  zerc  by  the  year  2(KX)  The  usage  rales 
are  htstoricaliy  co  rect  through  1971.  when  it  is  assumed  that 
a  world  Jccisior.  to  phase  out  the  use  of  DDT  is  reached 
Shortly  thereafter,  the  concentration  of  DDT  in  soil  begins  lo 
dechne.  but  the  concentration  of  DDI  in  fish  continues  to 
increa<«  for  ilyears  hnd  (ices  not  return  to  tbe  1971  level  uhtil 
I9y5  The  response  DD  I*  concentrations  in  animals  further 
up  the  food  chain — birds  and  humans,  for  example— are  sub- 
ject to  even  longer  delays  {S6rgen  Randers,  m  D  L  and  D 
H.  Meadows,  eds  ,  Toward  Global  Equilibrium,  Cambridgr, 
Mass  W right' A  Hen  Prrss,  1973,  reprmted  by  ptrmission  of 
the  distributors.  MfT  Press) 
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components  of  the  marine  food  web.^  Trace 
metal  concentrations  have  been  measured  in  fish 
and  shellfish  in  coastal  waters  of  the  United  States 
and  New  Zealand,  the  North  Atlantic,  the  North 
Sea,  and  other  European  coastal  areas. ^  Ac- 
cording to  the  Global  2000  Study  projections,  the 
annual  production  and  circulation  of  most  metals 
is  expected  to  increase  between  now  and  the  year 
2000.  In  many  cases  the  rate  of  accumulation  m 
the  oceans  of  metals  injected  by  human  activity 
is  expected  to  exceed  the  natural  rate  (Table  13- 
23). 

The  effect  of  heavy  metal  concentrations  on  the 
development  of  marine  organisms  is  only  begin- 
ning to  be  understood.  However,  the  character- 
istics of  heavy  metals  are  significant.  They  are 
among  the  most  environmentally  persistent  sub- 
stances. They  cannot  be  transmuted  or  destroyed 
and,  in  concert  with  certain  bacteria,  have  the 
insidious  attribute  of  combining  wMh  organic  sub- 
stances to  form  highly  toxic  metallo-organic  com- 
pounds. Sometimes  these  compounds  are 
discharged  directly  into  ocean  waters.  For  ex- 
ample, the  "mercury  poisoning"  at  Minamata, 
Japan,  involved  spent  chemical  catalysts  contain- 
ing metallo-organic  methyl  mercury.^' 

The  highest  mercury  concentrations  in  ocean 
organisms  are  found  in  the  top  predators  of  the 
food  chain.  In  the  past  decade  there  has  been 
concern  that  the  concentration  of  mercury  may 
increase  as  more  of  ihe  nictal  is  released  into  the 
environment.  However,  recent  studies  suggest 
that  the  present  mercury  levels  in  these  pelagic 
life  forms  should  not  be  expected  to  increase  with 
society's  continued  use  of  the  metal.  The  esti- 
mated total  mercury  content  of  the  world  ocean 
mixed  fayer  is  currently  two  orders  of  magnitude 
greater  than  the  annual  production  by  human  so- 
ciety; therefore,  measurable  man-made  alteration 
of  mercury  levels  in  the  open  ocean  is  not  prob- 
able in  the  short  term.  It  does  appear  likely  that 
regional  pockets  of  high-level  coastal  mercury 
pollution  will  continue  to  exist,  due  primarily  to 
industrial  processes.^" 

Besides  input  from  rivers,  urban  outfalls,  and 
dumping,  concentrations  of  iron  and  copp'  r  met- 
•  h  in  the  ocean  are  atmospherically  transported 
from  specific  industrial  sources,  particulariy  the 
smehing  industry  processes  for  copper  and  the 
processes  of  the  iron,  steel,  and  titanium  dioxide 
industries  for  iron  The  National  Academy  of  Sci- 
ences las  estimated  that  coal  combustion  iis  also 
one  ot  the  most  significant  human  sources  of  iron 
and  copper  introduction  to  the  sea. These  met- 
als are  partially  released  during  combustion  and 
carried  to  the  oceans  in  fly-ash  particulate  matter 


TABLE  13-23 

Estimates  from  Annual  River  Discharges  of 
Amounts  of  MeCals  Ii^Jected  into  the  Oceans  An- 
nually by  Geological  Processes  and  by  Man 


By  Geological 

Processes 

By  Man 

(in  nvers) 

(m  mmmg) 

(in  thousands 

of  mf trie  tons) 

Iron 

25,000 

319.000 

Manganese 

440 

\m 

Copper 

375 

4,4o0 

Zinc 

370 

3,930 

Nickel 

300 

358 

Lead 

1.80 

2,330 

Molybdenum 

13 

57 

Silver 

5 

7 

Mercury 

3 

7 

Tin 

1  5 

166 

Antimony 

1  3 

40 

Source  Michael  W«ld>chuk  Globe!  hfannt  Foiluuon  An  Oxenifw  Pans 
UNESCO.  1977.  p  20 


Current  levels  of  oceanic  introduction  of  iron  and 
copper  will  not  result  in  major  overall  concentra- 
tion changes  but  will  probably  increase.  Global 
industrial  development  will  provide  a  growing 
source  of  metallic  emissions  that  will  easily  enter 
the  world  oceans."* 

Cadmium  poisoning  in  Japan  has  stimulated  an 
interest  in  the  possible  effects  of  this  metal  on  the 
ifMriiic  ecosystem.  As  wiih  most  other  metals, 
cadmium  enters  the  oceans  through  continental 
outfalls  and  the  atmosphere.  Its  bioaccumulation 
in  organisn^s  consumed  by  humans  could  poten- 
lially  be  a  hreat  to  health.  Any  significant  cad- 
mium pollt  .tion  would  be  expected  to  occur  in  the 
coastcti  zones,  and  localised  high  concentrations 
of  cadmium  could  contaminate  marine  organisms 
in  coastal  water^^.  However,  open-ocean  surface 
water  pollution  by  cadmium  metal  does  not  seem 
probable,  at  least  in  tne  nea'  future.^' 

It  appears  that .  up  to  this  point,  lead  is  the  only 
stable  metal  element  that  has  exhibited  wide- 
spread increased  concentrations  in  the  ocean.  It 
has  been  nearly  20  years  since  concentrations  in 
the  oceans  were  demonstrated  to  be  attaining  sig- 
nificant levels  through  anthropogenic  sources.^ 
These  concentrations  have  been  altered  in  coastal 
waters,  mainly  as  a  result  of  the  use  of  Itad  alkyls 
as  antil^nock  additives  in  fuels  of  internal  com- 
bustion engines.  Lead  aerosols  have  been  respon-  * 
sible  for  the  increase  of  this  metal  in  the  coastal 
surface  waters  of  the  Pacific,  Atlantic,  and  Med- 
iteiranean  Oceans.  Once  introduced  into  the  sea 
via  coastal  runoff  and  tiie  atmosphere,  lead 
quickly  interacts  with  the  marine  biota.  Concern 
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exists  over  how  human  health  may  be  affected  bv 
the  consumption  of  lead-contaminated  marine  k 
sources.  ^ 

Following  a  course  similar  to  that  of  lead  in  the 
marine  environment,  other  trace  metals  still  in- 
completely investigated  may  have  increased  their 
concentration  in  the  surface  layers  of  the  global 
ocean .  This  is  especially  possible  in  northei  i.  hem- 
ispheric waters  surrounding  regions  of  high  fossil 
fuel  combustion,  cement  production,  and  other 
industrial  activities.**** 

Ultimately,  most  reactive  heavy  metals  are  de- 
posited relatively  rapidly  in  the  sediments  of  the 
coastal  zones,  seemingly  out  of  the  water  layers 
where  they  m^y  play  a  determinate  role  in  bio- 
logical processes.^  However,  metal  accumula- 
tion in  sediments  poses  potential  problems. 
Measurement  of  the  extent  of  metal  concentra- 
tions have  only  begun,  as  have  studies  of  the 
mechanisms  for  redistribution  of  metals  back  into 
bottom  water  and  their  uptake  by  benthic  orga- 
nisms. ■'••One  study  has  examined  the  amounts 
and  distribution  of  six  trac^  metals — cadmium, 
chromium,  copper,  nickel,  lead,  and  zinc — in  the 
water  and  sediments  of  Raritan  Bay,  a  polluted 
estuary  of  the  New  York  Bight.  Large  amounts 
of  metal-laden  municipal  and  industrial  wastes 
have  accumulated  in  the  bay,  forcing  the  termi- 
nation of  shellfish  harvesting,  decreasing  benthic 
diversity  and  reducing  the  yield  of  commer  lai 
fishery  species.  Metal  concentrations  in  Raritan 
Bay  bottom  sediments  have  been  found  to  be  sim- 
ilar to  other  estuarine  areas  in  the  United  States 
and  in  the  United  Kin^^dom.*'  Anoxic  coastal 
sediments  containing  precipitated  mercury  sulfide 
also  may  release  their  deposited  mercury  upon 
contact  with  aerated  waters. 

Artificial  Radioactive  Materials 

The  Global  1000  energy  projections  foresee  sig- 
nificant growth  in  the  world  .vide  development  and 
use  of  nuclear  energy,  and  this  increased  nuclear 
activity  may  result  in  increased  flows  of  radioac- 
tive materials  into  the  marine  environment. 

The  history  of  radioactive  contamination  of  the 
oceans  provides  a  useful  context  for  considering 
possible  future  contamination.  The  largest  source 
of  radioactive  materials  entering  the  oceans  has 
been  nuclear  explosions  detonated  by  the  United 
SUtes,  the  U.S. S  R.,  the  United  Kingdom,  France, 
the  People's  Republic  of  China  and  India.  Up  to 
19^  the  world's  oceans  had  received  much  of  the 
radioactive  debris  from  470  nuclear  explosions 
Two  biologically  active  fission  products — cesium- 
137  and  strontium-90— have  been  produced  at 
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levels  of  21  and  34  megacpries,  respectively,  and 
much  of  this  material  has  now  entered  the  oceans.  ^ 

Although  the  nuclear  test  oan  has  substantially 
reduced  the  rate  at  which  radioactive  materials 
enter  the  oceans,  nuclear  energy  production  and 
the  use  of  radioactive  materials  has  continued  the 
flow  of  radioactive  isotopes  into  the  terrestrial 
environment  and  ultimately  into  the  oceans. 

The  three  broad  types  of  radioactive  species 
have  been  introducedio  the  marine  environment: 
(1)  transuranic  elements  used  as  nuclear  fuels, 
such  as  uranium,  neptu"*  'jm,  curium  and  pluto* 
nium;  (2)  the  radionucL  ^is  produced  as  fission 
products  or  as  induced  radioactive  species,  such 
as  strontium-90  and  cesium-137;  and  (3)  the  ac- 
tivation products  resulting  from  the  interaction  of 
nuclear  particles  with  the  components  of  nuclear 
reactors  and  weapons,  such  as  zjnc-65  and  iron- 
55.  As  eariy  as  1972,  scientists  had  detected  52 
artificially  produced  radionuclides  in  the  marine 
environment,** 

In  the  decades  ahead,  the  largest  source^  of 
radioactive  materials  entering  the  oceans  will 
probably  be  the  nuclear  fuel  cycle,  i.e.,  the  pro- 
duction, use,  reprocessing  and  disposal  of  nuclear 
fuels.  The  Department  of  Energy  projects  more 
than  a  200  percent  increase  in  nuclear  energy  by 
2000  How  extensive  this  source  will  he  depends 
criticaily  on  how  carefully  the  fuel  cycle  is  man- 
aged. 

Table  13-24  presents  a  projection  of  the  inven- 
tory of  radionuclides  in  the  world's  oceans  that 
has  been  reported  by  UNESCO.  The  total  arti- 
ficial radioactivity  in  the  oceans  in  2000  is  pro- 
jected to  be  of  the  same  order  of  magnitude  as 
it  was  in  1970,  i.e.,  about  10*  curies.  Tritium  from, 
nuclear  reactors  increases  by  three  orders  of  mag- 
nitude over  the  30-year  period,  reaching  some- 
thing on  the  order  of  10'  curies.  The  largest 
artificial  contribution  continues  to  be  tritium  from 
nuclear  explosions.  The  total  artificial  radioactiv- 
ity introduced  remains  two  orders  of  magnitude 
less  than  the  total  natural  background  of  potas- 
sium-40  at  5  X  10 "  curies,  but  some  of  the  arti- 
ficially introduced  radioni|clides  have  effects  quite 
different  from  those  of  natural  potassium-40.** 

It  is  not  known  to  what  further  levels  the  various 
radioactive  elements  could  safely  be  accommo- 
dated in  the  marine  environment,  especially  in 
crucial  coastal  zones.  So  far,  only  modest  efforts 
have  been  made  to  study  the  environmental  im- 
pact these  substances  have  upon  individual  marine 
organisms  or  their  communities.  Transuraracs, 


•Awuming  thai  atmospheric  testing  of  nuclear  devices  is  not 
resumed 
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TABLE  13^24 
Total  Inventory  of  Artificial  Radionuclides  Intro- 
duced into  the  Uorld  Oceans,  1970  and  2000 

wo  2orx) 


Nuclear  explosions 
(worldwide  distribution) 

Fi&ston  products  (exclusive  tf 
tntium)  X  Uf 

Tnnum  Kj* 


Reaciors  and  reprocessing  of 
fu-'  (restncted  local  distri- 
bution) 

FiaAion  and  activation  products 

(exclusive  of  tritium) 
Tntium 

Total  artificial  radioacttvitv 
lotat  natural  potassium  A() 


Curies 


3  X  !()» 
5  X  J0»' 


3  X  10' 
S  X  H)» 


Wir  A  Pfctioo  ct  «i  «t  reported  m  l^»«rd  (roldbcft  Ihr  HraUh  nfihr 
(kemtu  P,m  rNFSCO  !9>  p  *(|  ^         f ir«im  «M«r 

•  Auumtni  ihsl  atmrnpherK  nw.lcai  ttMing  »t>i  ton'.muc  n  jN,ui  -hr  I  *^  "-n 
rate 


fission  products,  and  induced  radioactive  species 
are  now  found  in  scawater  and  m  the  ocean  hiota 
almosi  unfivfersalty.  The  biological  or  environ- 
mental significance  of  this  contamination  is  vir- 
tually unknown,^ 

Fouii  Fuels 

The  StudyS  energy  projections  anticipate  a 
global  growth  in  commercial  energy  demand,  and 
a  resulting  rise  in  the  production  and  use  of  fossil 
fuel  energy  resc)urces  Driven  by  expanding  GNPs. 
population  needs,  and  technological  advances, 
this  incrrused  ericrgy  usage  will  certainly  aggra- 
vate the  already  senous  problems  of  coastal  zone 
degradation  by  fossil  fuel  pollutants  The  propor- 
tions  of  fuel  oil  and  gas  supplies  extracted  from 
the  seabed  are  significant  and  increasing  While 
large  oil  spills  caused  by  blowouts  and  tanker  col- 
lisions can  have  disastrous  local  effects  on  coastal 
zone  ecosystems,  the  discharges  from  the  routine 
transportation,  production,  and  use  of  oil  and  gas 
are  greater  in  volume  and  may  present  a  long- 
tenpi  threat  to  the  marine  environment.  Estimates 
of  the  quantities  of  petroleum  hydrocarbons  en- 
tering the  oceans  annually  are  presented  in  Tabid' 
13^25. 

As  oil  exploration  continues  worldwide,  in- 
creasing numbers  of  extraction  facilities  will  be 
established  in  coastal  zone  areas.  Sublethal  and 
long-term  damage  to  marine  organisms  and  eco- 


systems may  result  from  chronic  discharges  and 
accidental  low-volume  spills  during  normal  off- 
shore and  dockside  operations,  from  disposal  of 
drilling  muds  and  cuttings,  and  from  disturbance 
of  the  seabed  and  coastal  wctlancfs  by  platform 
and  pipeline  construction.  Losses  incurred  during 
transportation  and  processing  also  contribute  to 
low-level  petroleum  contamination,  as  do  inputs 
from  the  atmosphere,  coastal  municipal  and  in- 
dustrial waste  outfalls,  and  urban  and  river  run- 
off Increased  coal  combustion  and  conversion 
can  also  be  expected  to  contribute  to  oceanic  pol- 
lution. Mining  wastes,  secondary  pollutants  as- 
sociated with  trade  and  transport,  and  the  by- 
products of  processing  and  primary  combustion 
of  coal  will  enter  coastal  waters  via  the  land  and 
the  atmosphere. 

The  manner  and  severity  with  which  fossil  fuel 
pollutants  affect  the  marine  environment  varies. 
Different  factors-^such  as  oil  dosage  and  type, 
weather  and  water  conditions,  and  the  seasonal 
behavior  patterns  of  marine  organisms— influence 
the  biolo^'ical  impact  of  petroleum  hydrocarbons 
on  ocean  life  and  habitats  Nearshore  petro- 
leum discharges  cause  more  extensive  and  per- 
manent damage  to  organisms  and  life  cycles  in 
estuaries  and  coastal  wetlands  than  those  further 
offshore.  Biological  recovery  of  oil-inundated 


TABLE  IJ-25 

Best  Estimates  of  Petroleum  Hydrocarbons  Intro- 
duced into  the  Oceans  Annually 


Source 


Best 
Estimate 


Probable 
Range 


imUUons 

of  metric  tons) 

Natural  seeps 

0  6 

0  2-1  0 

Offshore'  production 

0  m 

OOJM)  15 

Transportation 

LOT  tankf  rs 

i)M 

0  15-04 

Non-LOT  lankcrs 

0  77 

0  65-1  0 

Dry  docking 

0  2S 

0  2-0  3 

Terminal  operations 

0  003 

0  001 5-0  005 

Bilges  bunkering 

0  S 

0M)7 

Tanker  acadenis 

0  2 

0  12-0  25 

Nontanker  accidents 

{\  1 

0  02-0  15 

Coastal  refinenes 

02 

0  2-0  3 

Atmosphere 

0  6 

04-08 

Coastal  municipal  wastes 

0  ^ 

Coastal  nonrefimng  indus> 

tnal  wastes 

0.^ 

Urban  rtinoff 

0  \ 

0  1-0  5 

River  runoff 

1  6 

Total 

6  113 

Sourft  NaiKVMl  Academy  M  Sacficct  PftKtitum  m  thf  M^-int  Fmvtrommeni, 
V'uhtn|tnn  1^75  p  ft 
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wetlands  is  a  complex  process,  and  the  time  re- 
quired for  recovery  varies  widely.*^ 

The  coastal  effects  of  oil  pollution  may  be  of 
longer  duration  than  previously  thought.  Com- 
ponents of  oil  are  now  known  to  remain  in  es- 
tuarine  wetland  sediments  for  as  long  as  eight 
yeats  after  an  miti^il  spill, continuing  to  affect 
benthic  organisms  and  altering  biological  produc* 
tivity.  A  marsh  grass  community  has  been  ob- 
served to  have  been  unable  to  reestablish  itself 
even  three  years  after  an  oil  spill.  Ov  the  three 
years  of  observation,  erosion  rates  m  the  salt 
marsh  were  found  to  be  24  times  greater  than 
those  in  nearby  unaffected  areas.  ^' 

If  subjected  to  large  enough  amounts  of  oil  and 
petroleum  hydrocarbon  products,  either  through 
accidental  spills  or  extended  low  level  inputs,  a 
sea-surface  hydrocarbon  microlayer  can  form  to 
cover  the  adjacent  coastal  ocean  areas.  This  hy- 
drocarbon film  can  act  as  a  differential  accumu- 
lation layer  for  trace  materials  such  as  toxic  heavy 
metal  ions,  vitamins,  amino  acids,  and  lipophilic 
chlorinated  hydrocarbon  pollutants,  including  DDT 
residues  and  PCBs.  The  coinbination'  of  these 
materials  near  or  at  the  ocean  surface  could  sig- 
nificantly affect  coastal  ocean  ecosystems.  Such 
**microslicks**  have  been  observed  to  interfere 
with  the  normal  development  of  fish  eggs  during 
spawning  seasons,  and  some  scientists  suspect 
microslic!  s  of  inducing  changes  within. phyto- 
plankton  communities.^ 

Although  the  long-term  implications  of  low- 
levd  oil  contamination  are  just  beginning  to  be 
understood,  it  is  now  well  established  that  petro- 
leum hvdrocarl  ons  adversely  affect  a  wide  variety 
of  marine  organisms  physiologically  and  behav- 
iorally.^^  Significant  petroleum  contamination  of 
wetland  sediments  resulting  from  repeated  small 
spills  and/or  effluent  discharges  have  already  oc- 
curred along  West  German.  British,  French,  and 
Italian  coasthnes,  as  well  as  those  of  the  U  S.^* 
Such  pcllutirg  ;npu:  can  '^c  expected  to  increase 
globally  as  iossil  fuel  production,  transportation « 
and  use  frow  during  the  ne^  two  decades. 

As  the  search  for  oil  and  gas  intensifies,  explo- 
ration and  extraction  will  take  place  in  areas  pre- 
viously untouched.  The  marine  environment  in 
parts  ot  the  Arctic  is  now  vulnerable  to  conditions 
accompanying  the  exploitation  of  fossil  fuel  re- 
sources. The  construction  of  artificial  grilling  is- 
lands, dredged  up  from  bay  bottoms,  ^ill  have 
locally  adverse  effects  on  Arctic  sea  life,  as  will 
low  level  !i>sses  of  oil  incurred  during  routine  pro- 
duction and  transportation.  Accidental  targe  vol- 
ume spills  or  well  blowouts  would  pose  serious 
probleTiS,  for  the  very  jiature  of  the  far  northern 


environment  would  ^nake  cleanup  efforts  and  ul- 
timate ecosystem  recovery  especially  difficult. 
Exploitation  of  fossil  fuel  resources  in  the  Ant- 
arctic region  could  create  similar  difficulties. 
There  would  certainly  be  localized  environmental 
effects  of  oil  processing  and  transport  activities; 
repeated  accidental  spills  could  have  serious  cu- 
mulative effects  on  Southern  Ocean  ecosystems. 

Sewage,  Fertilizer  Nutrients,  and  SedimentaUon 

The  Global  2000  Study  projections  for  water, 
population,  forestry,  and  food  and  agriculture  im- 
ply that  there  will  be  a  growth  in  coastal  pollution 
from  sewage,  fertilizers,  and  land  runoff  sedi- 
mentation. These  problems  are  seen  to  be  partic- 
ulariy  acute  in  the  coastal  zones  of  less  developed 
countries.  Unprecedented  urban  growth  will  give 
rise  to  an  increase  in  the  volume  of  untreated 
sewage  entering  estuarinc  rivers  and  coastal  waters. 
Intensified  agricultural  activity  and  t  le  concomi- 
tant twofold  to  threefold  increase  in  global  fertil- 
izer use  will  add  to  already  large  amounts  of 
chemical  nutrients  carried  into  estuaries,  wet- 
lands, and  coral  reefs.  Projected  deforestation  will 
destroy  watersheds,  exacerbate  erosion,  and  cre- 
ate large  nutrient-laden  silt  loads  in  rivers  running 
to  the  sea.  Upon  entering  estuaries  and  coastal 
areas,  river  waters  will  release  their  suspended 
sedimert  and  organic  matter,  creating  conditions 
of  coastal  water  overproductivity  and  contributing 
to  problems  of  sedimentation  that  are  especially 
destructive  of  coral  reefs.  While  the  dangers  of 
both  nutrient  and  sediment  pollution  are  known, 
there  has  been  little  study  of  what  the,  ultimate 
consequences  of  this  pollutant  combination  may 
be.  In  the  short  term,  however,  it  appears  that 
nutrients  and  sediments,  together  with  physical 
alteration  of  estuaries  and  reefs,  will  produce  lo- 
calized cases  of  estuarine  and  coastal  eutrophi- 
cation. 

Coat  ^1  wetlands  are  naturally  able  to  absorb 
contaminants  from  polluted  tidal  water.  Since 
most  salt  marshes  are  either  located  in  estuaries 
or  have  freshwater  flowing  into  them,  their  ability 
to  retain  contaminants  running  off  the  land  help 
to  prevent  further  transport  of  pollutants  to  the" 
sea.  Marshes  of  Spartina  grasses  can  biologically 
fix  inorganic  nitrogen ,  creating  high  levels  of  plant 
productivity  equal  to  that  of  intensively  managed 
agncultural  areas.  ^  Mangrove  soils  are  effective 
nutrient  reservoirs  too  ^nd  ar^  eitcepfinnal  ea<»f£ 
ronments  for  the  removal  of  niti^en  in  sewage. 
In  salt  marshes,  extreme  enrichtflent  of  inorganic 
nitrogen  is  counteracted  by  it^acterial  conver- 
sion to  nitrogen  gas.  Howevei/as  capable 'as  wel 
lands  are  in  utilizing  large  v/lumes  of  nutrients, 
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the  presence  of  excessive  amounts  of  nitrogen, 
like  those  contained  in  sewage  and  fertilizer  run- 
off, could  eventually  result  in  an  overproductivity 
of  coastal  waters  that  takes  the  form  of  coastal 
algal  blooms^  and  could  cause  eutrophication  of 
localized  estuarine  and  wetland  areas. 

In  tropical  waters,  sewage  pollution  can  also 
result  in  the  growth  of  coral-smothering  algae, 
causing  reef  degradation  and  sometimes  leading 
to  the  sedimentary  production  of  toxic  levels  of 
hydrogen  sulfide^ollution-intolerant  reef  species 
then  decrease.  The  more  tolerant  species  take 
over  the  community,  and  the  reef  ecosystem  is 
altered, /Sometimes  permanently. 

The  exposure  of  reefs  to  land  runoff  sedimen- 
tation has.  so  far,  been  the  greatest  single  cause 
of  reef  destruction.^  Ongoing  activities  such  as 
deforestation,  intensive  agricultural  practices, 
livestock  grazing,  and  dredging  and  filling  oper- 
ations are  currently  leading  to  extensive  sedimen- 
tation of  reef  waters  in  tropical  coastal  waters. 
Natural  growth  of  reef-forming  polyps  requires 
favorable  conditions  of  salinity  and  relatively 
warm,  turbulent  or  upwelling  water  to  bring  nu- 
trients and  cleanse  away  waste  materials.  ^  When 
functioning  naturally,  a  coral  reef  ecosystem  sus- 
tains the  life  cycles  of  all  of  its  individual  com- 
ponents, but  when  the  reef-growth  system  is 
disturbed,  imbalances  develop  as  certain  reef  or- 
ganisms either  leave  or  die.  Most  corals  cannrt 
live  if  heavily  coated  or  buried  by  sediment  par- 
ticles, and  reduced  light  intensity  caused  by  turbid 
waters  significantly  affect  growth  rates  and  species 
diversity.^ 

Other  causes  of  reet  destruction  include  heavy 
freshwater  runoff  due  to  deforestation,  excessive 
salinity  (produced  by  desahnization  plants),  and 
thermal  pollution."*  The  resuspension  of  sedi- 
ment in  dredging  operations  effectively  blocks  imv 
regeneration  of  already  damaged  coral  colonies.  '" 
Once  destroyed,  a  coral  reef  has  little  hope  for 
regeneration.  If  healing  reef  growth  does  occur 
in  the  absence  of  pollutants,  the  time  for  resto- 
ration to  any  semblance  of  its  natural  state  can 
easily  be  a  matter  of  decades.  ^' 

Solid  iVastes.  ^ 

Solid  waste  disp^>sal  in  the  coastal  zones  is— for 
the  short  term — one  uf  the  least  serious  of  marine 
pollution  problems.  While  foreign  material  can 
adversely  affect  coastal  ecosystems,  its  current 
impact  is  generally  as  a  localized  nuisanre  and 
human  health  hazard.  However,  considering  the 
population.  GNP.  and  forestry  projections,  greater 
quantities  of  solid  wastes  should  be  expected  to 
enter  the  oceans  between  now  and  the  year  2(K)(). 


The  sea  floor,  surface  waters,  a'^  J  beaches  of 
the  earth's  marine  environment  are  littered  with 
man-made  materials  originating  from  deliberate, 
incidental,  or  accidental  waste  disposal.*  Solid 
waste,  often  referred  to  as  "litter."  is  of  two  types: 
(1)  refuse  originating  on  land.xonsisting  of  pack- 
aging materials  (plastic,  metal,  cloth,  glass,  or 
wood),  and  (2)  refuse  fiom  ships  released  durine 
fishing,  recreation,  or  cargo-carrying  operations.* 
The  amount  of  solid  wastes  entering  the  world's 
oceans  each  year-— a  large  part  of  which  is  released 
in  harbors,  ports,  or  other  coastal  water  areas — 
IS  estimated  to  be  in  the  millions  of  tons  (Table 
.  13-26). 

Floating  litter  is  mainly  a  coastal  zone  problem 
and  affects  both  commercial  and  biological  activ- 
ity. Nylon  ropes  and  plastic  sheets  floating  just 
beneath  the  sea  surface  easily  foul  ship  propellors. 
Wood  debris  and  submerged  logs  can  present  sud- 
den and  serious  navigational  problems.  The  effect 
of  litter  on  ocean  organisms  is  apparent  also.  Plas- 
tic sheets  can  also  smother  benthic  organisms. 
Sheer  plastics,  mistaken  for  jellyfish,  have  been 
eaten  by  sea  turtles,  small  plastic  objects  been 
injested  by  fish,  and  plastic  bags  caught  on  the 
heads  of  sea  mammals  are  known  to  have  caused 
suffocation.  In  coastal  waters  adjacent  to  logging 
and  pulp  mill  activities,  solid  and  liquid  wood 
wastes  have  been  found  to  be  destructive  of  ocean 
organisms  and  habitats.'" 

On  the  whole,  given  current  practices  and  the 
projections  of  tnc  Global  20(X)  Study,  a  growth 
in  marine  pollution  can  be  expected  in  tlie  next 
20  years.  Outfalls  and  the  atmosphere  will  inject 
industrial,  municipal,  and  agricultural  chemical 
and  metal  wastes  into  coastal  waters.  Pollutants 
from  fossil  fuel  extraction,  transportation,  and 
energy  production  will  contribute  significatitly  to 
spoliation  of  the  marine  environment.  Population 
growth,  deforestation,  and  intensive  agriculture 
will  all  contribute  to  the  volume  of  sewage,  nu- 
trient chemicals,  and  sediments  entering  coastal 


'Disjwsal  of  solid  wastes  in  the  iKcans  can  be  earned  to  ex- 
tremes, as  It  has  in  the  New  York  Bight,  r'^suiting  in  unpleasant 
localized  impacts  on  the  marine  environment  The  Manne 
Fcosystems  Analysis  Program  of  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA)  has  described  one  in- 
cident as  the  infamous  "summer  1976  floatahles  event." during 
which  "beaches  along  the  south  shore  of  Long  Island  were 
inundated  by  a  variety  of  floating  litter  Included  among  the 
materials  washed  ashore  were  tar  and  grease  balls,  charred 
wood,  garbage  and  trash  {e  g  .  watermelon  rinds,  chicken 
heads',  styrofoam  beads,  paper,  and  plastic  wrappers),  and 
sewage  related  items  (e  g  ,  condom  nngs.  diaper  Unw^^gftt 
tampon  applicators)  "  (New  York  Bight  Proffa  Annual  Re 
port  for  FY  1976,  NOAA  Environmental  Research  Lalwra- 
tones.  Boulder.  Dec  1977.  p  29  ) 
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TABLE  13^26 
Annual  Ocean  Litter  Estimates 


Source 


Litter 
i millions  of 
metric  tons) 


Passenger  vessels 
Merchant  shipping 

Crew 

Cargo 
Recreationai  boating 
Commeraal  fishing 

Crew 

Gear 
Military 

Oil  drilling  and  platforms 
Catastrophe 

Total 


0.028 

0  110 
5  600 
0.103 

0340 
0  001 
0  074 
0.004 
O.lOO 

6360 


Jn'^'*"**!!!;'.^^'?fr^  ^ 

WashiiifUM.  1975.  p  422 


waters.  Unsightly  and  unhealthy  solid  waste  pol- 
lution will  develop  into  problems  of  greater  mag- 
nitude and  areal  extent.  The  most  serious  impact 
of  pollutants  will  be  on  the  organisms  and  eco- 
systems of  the  coastal  zones.  Living  marine  re- 
sources will  be  affected  by  disease  and  by  the 
reduction  and  spoilation  of  viable  habitat  resulting 
from  pollutant  increases.  The  greatest  uncertainty 
over  coastal  pollution  concerns  the  specific  level 
of  the  pollution  and  the  future  of  international 
efforts  to  control  it. 


Overexploitation  of  Living  Marine 
Resources 

The  Global  2P00  food  and  population  projec- 
tions point  to  a  growth  in  global  demand  for  living 
marine  resources.  However,  the  fisheries  projec* 
tions  themselves  suggest  that  the  trend  in  ever 
increasing  annual  yields  may  have  peaked  and 
that  future  catch  tonnages  may  not  be  able  to 
readily  meet  this  demand.  Increasing  pressure  by 
commercial  fisheries  will  place  great  stresses  on 
living  resource  populations  and  lead  to  an  over- 
exploitation  of  traditional  species.  Catch  com- 
positions will  shift  to  greater  amounts  of 
nontradttional  species.  A  significant  proportion 
of  these  smaller,  shorter-lived  species, will  con- 
tinue to  be  utilized  in  ways  other  than  direct  hu- 
man consumption.  The  policies  and  practices 
applied  to  marine  mammals  are  in  flux.  In  the 
face  of  extinction,  the  survival  of  many  species 
depends  on  rational  scientific  and  societal  man* 
agement  decisions. 
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Fisheries 

The  Global  2000  Study  population  and  food  pro- 
jections suggest  that  the  demand  for  seafood  will 
increase,  encouraging  still  more  fishing  activity. 
The  degradation  of  coastal  zone  habitats— either 
through  physical  destruction  for  development  or 
through  constant  injection  of  various  pollutants- 
will  contribute  to  changes  in  species  composition 
and  the  quantity  of  the  global  catch.  Future  gross 
catch  statistics  therefore  may  show  a  constant  or 
increasing  yield,  but  the  catch  will  become  com- 
posed of  progressively  less  traditional  products. 
Advances  in. fishing  and  processing  technologies, 
by  helping  the  gross  catch  figures  to  remain  high, 
will  effectively  conceal  the  degree  to  which  ov- 
erfishing is  undermining  the  utility  and  value  of 
the  world  catch. 

The  coastal  oceans  are  the  crucially  important 
sites  of  the  worid*s  fisheries:  At  least  half  of  the 
marine  life  forms  directly  utilized  by  humans 
come  from  coastal  waters;  neariy  all  of  the  re- 
mainder come  from  coastal  and  oceanic  unwell- 
ings.*  Although  these  upwellings  occur  in 
approximately  0.1  percent  of  all  oceanic  areas, 
they  are  among  the  world*s  most  productive  fish- 
eries.** 

Over  the  last  three  to  four  decades,  intensive 
fishing  activity  has  produced  a  shift  in  the  species 
composition  of  the  global  catch  away  from  the 
traditionally  preferred  species  toward  species  at 
lower  trophic  levels  and  of  less  economic  value. 
A  growing  proportion  is  being  converted  to  fer- 
tilizer and  fishmeal  for  animal  feed.  Before  1940, 
a  negligible  portion  of  the  catch  was  used  in  meal 
production;  by  the  mid-1970s,  35  percent  was 
being  used  for  making  me?l  and  oil.^  'Villus  the 
fish  catch  directly  used  for  human  consumption 
in  197S  was  closer  to  43  million  metric  tons  than 
the  70  million  often  cited.  Use  of  the  ocean  fish- 
eries for  animal  feed  is  somewhat  analogous  to 
fattening  livestock  on  high  quality  grain.  The  fish 
catch— hke  the  grain-^would  be  more  efficiently 
utilized  if  it  were  consumed  directly  by  humans 
and  if  animals  were  raised  primarily  on  plant  spe- 
cies and  other  foods. of  no  value  as  human  food. 
Whether  the  shift  to  ff  rtilizjr  and  fishmeal  can  be 
attributed  partially  to  the  4ced  to  find  a  market 
for  the  less  preferred  species  or  to  the  fact  that 
fishmeal  has  been  made  into  a  more  marketable 
product,  the  shift  itself  is  clear. 


*Upwelhng  areas  occur  where  winds  and  prevailing  boundary 
currents  allow  cold,  nutnent^laden  water  to  rise  from  below 
Upwellings  create  areas  of  high  pnmary  productivity,  which 
conMquently  allow  the  production  of  large  stocks  of  fish 
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Intensive  fishing  activity  appears  to  have  helped 
reduce  the  absolute  yield  of  the  global  fisheries 
catch.  Improved  fishery  technologies  have  greatly 
aided  the  overexploitation  of  most  traditional 
stocks.  Until  1971,  global  total  fisheries  produc- 
tion had  increased  annually  at  a  rapid  rate.  How- 
ever, in  1972  a  coifibin^iniv  of  natural  ocean 
current  inversions  and  tm  prolonged  strain  of 
overfishing  on  fish  populatiVts  drastically  reduced 
the  population  size  and  thus  the  yield  from  the 
Peruvian  anchovy  fishery.^  This  reduction  in 
yield  appearS^to  have  contributed  significantly  to 
the  1972.  world  decline  in  catch  tonnage  and  to 
the  subsequent  fluctuations  in  total  annual  yields.  ^ 

Marine  Mammals  and  the  Marine  Environment 

Constant  global  demand,  shortsighted  manage- 
ment of  living  resources,  and  overexploitation 
have  caused  the  severe  depletion,  and  in  some 
cases  the  extinction,  of  a  number  of  marine  mam- 
mal species.  Marine  m'ammals — which  include 
whales,  porpoises,  dolphins,  seals,  sea  lions,  sir- 
enians,  sea  oiters,  and  polar  bears — have  histor- 
ically been  hunted  to  the  brink  of  extinction.  Some 
aninials,  such  as  whales,  have  been  attacked  one 
species  at  a  time  and  with  increasing  technological 
expertise  (see  Table  13-27).  As  marine  biologist 
Kenneth  Norris  has  written,  ''The  contest  has  now 
become  so  grossly  unequal  that  no  evasion  on  the 
part  of  the  animals  has  any  effect.  Their  only  de- 
fense is  scarcity.''^ 

Abusive  ovenitilization  of  a  living  marine  re- 
source results  in  the  loss  of  a  full  range  of  bene- 
fits— tangible,  intangible,  realized,  or  potential — 
to  both  present  and  future  generations.  Such  ben- 
efits include  economic  and  optritive  values,  aes- 
thetic contributions,  and  important  roles  in 
maintenance  of  the  health  and  stability  ci  the 
marine  ecosystem. 

Ecosystem  effects  may  be  a  crucially  important 
factor;  no  species  exists  alone,  and  exploitation 
of  one  species  has  some  impact  on  other  com- 
ponents of  the  habitat.  Yet  present  harvesting 
procedures  consider  only  the  effects  on  individual 
species,  or  groups  of  species  in  isolation,  and  Jo 
not  recognize  the  need  for  predicting  the  impact 
on  the  cycle  of  reciprocal  relationships  within  the 
ecosystem.  The  impact  of  overexploitation  may 
include  changes  (1)  in  the  population  of  compet- 
ing or  symbiotic  species  within  the  functional 
group  of  the  exploited  species,  (2)  in  the  vege< 
tation  structure  and  carnivore  populations  where 
the  exploited  species  is  a  herbivore,  and  (3)  in 
numbrrs  of  piey  where  the  exploited  species  is  a 
cornivore  These  are  only  first-order  responses. 


TAhLt  13-27 

EfTect  of  Whaling  on  Stocks  of  Ten  Species  of 
Wlialcs 

1974  Stock 
as  a  Percent- 
Virgin  1974  age  of  the 
Species          Stock          Stock         Virgin  Stock 

-J  ■  ■ 

(thousands) 

Sperm 


both  sexes 

922 

641 

69 

male 

461 

212 

45 

female 

461 

429 

93 

Fin 

448  ' 

101 

22 

Minke 

361 

325 

90 

Blue 

215 

13 

6 

Sei 

200 

76 

38 

Bryde 

100 

(40)? 

Right* 

(50)? 

(2)? 

Bowhead* 

(10)-' 

7 

Humpback 

50 

7 

14 

Gray* 

11 

11 

100 

Total 

2,367 

1,218 

51.4 

Sourct  Victor  B  Scheffer.  "The  Status  of  Whiles.  Paaftc  Dtscovrry,  vol  29. 
no  1,  1976.  p  3 

*  Not  currently  betnf  hunted 


and  consequent  changes  in  more  remote  parts  of 
the  system  are  probable.^ 

International  efforts  to  regulate  whaling  have 
been  protracted.^  The  somewhat  more  respon* 
sible  management  technicjues  now  established  by 
the  International  Whaling  Commission  are  seri- 
ously hindered  by  the  lack  of  accurate  whale-pop- 
ulation data  needed  to  determine  harvest  quotas. 
In  the  United  States,  the  Marine  Mammal  Pro- 
tection Act  of  1972  is  the  first  national  legislation 
that  makes  the  healthy  maintenance  of  the  eco- 
system the  primary  objective  of  marine  mammal 
management.^ 

Major  uncertainties  arise  when  evaluating  the 
consequences  of  the  Global  2000  Study's  projec- 
tions on  the  environmental  quality  of  marine  fish- 
eries. A  good  knowledge  of  the  ecological  effects 
of  marine  resource  overexploitation  has  yet  to  be 
gained,  and  agreement  has  yet  to  be  reached  over 
whether  current  reduced  catch  yields  are  a  trend 
or  only  a  temporary  fluctuation  in  fisheries  pop- 
ulation cycles.  The  productivity  of  future  fisheries 
depends  on  the  developrhent  of  cooperative  ma- 
rine management  practices.  Inherent  in  this  course 
will  be  the  problem  of  how  to  regulate  intc  rna- 
tionally  commonly  utilized  living  resources.  Uni- 
laterally declared  200-mile  economic  zones  may 
both  aggiavate  and  alleviate  the  evolution  of  fish- 
eries overexploitation.  Only  time,  and  a  clear  per- 
ception of  current  and  potential  environmental 
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conditions,  wil!  tell  how  successful  these  manage- 
ment efforts  will  have  been. 

In  conclusion,  the  Study's  projections  indicate 
that  loss  of  habitat,  pollution,  and  overexploita- 
tive  living-resource  management  policies  will  sig- 
nificantly affect  the'  integrity  and  ultimate 
productivity  of  the  world's  coastal  waters.  Eco- 
nomic development  along  the  coastal  zone  wilh 
destroy  or  alter  ecosystems  crucial  to  the  life 
cycles  of  many  fisheries  species.  Chemicals,  fossil  ' 
fuels,  solid  and  sewage  wastes,  agricultural  nu- 
trients, and  eroded  sediments  will  pollute  ecosys-  • 
terns  and  degrade  marine  communities.  Growing  - 
demand  for  food  to  feed  rapidly  multiplying  pop- . 
ulations  will  ftad  to  great  stresses  on  global  fish- 
eries and  cause  a  further  shift  in  total  yields  and 
species  composition.  Population  pressures,  con- 
certed economic  development,  and  an  increased 
need  for  food  will  have  cyclic  effects  and  even- 
tually impact  upon  those  very  areas,  the  coastal 
zones,  from  which  basic  sustenance  and  livelihood 
is  derived. 

Open  Oceans 

The  open  oceans  differ  from  coastal  waters, 
both  in  the  time  scales  of  the  processes  taking 
place  within  them  and  in  their  capacity  to  absorb, 
dilute,  and  disperse  waste  materials.  The  envi- 
ronmental conditions  of  the  de^p  sea  are  quite 
unique.  It  is  an  immense  area  that  is  relatively 
stable  over  long  time  (5^ods,  has  little  topo- 
graphic complexity,  and  receives  low  inputs  of 
energy.  Most  benthic  animals  are  small  mud- 
dwelling  and  mud-feeding  creatures  of  great  va- 
riety and  long  evolutionary  history.  Natural  deep- 
sea  disturbances  consist  of  events  suctr  as  mud 
slumps,  fish  and  .invertebrate  activity,  and  large 
objects  settling  from  the  surface.^ 

As  a  result  of  (heir  vast  size  and  the  nature  of 
their  ecosystems,  environmental  change  in  the 
ppen  oceans  necessarily  occurs  very  slowly.  It  can 
be  expected  that  the  Global  2000  Study' projec- 
tions will  cause  no  major  impact  on  the  earth's 
open  oceans  by  the  year  2000.  However,  the  pro- 
jections do  indicate  that  over  the  next  20  years 
world  society  will  establish  certain  trends  that, 
sustained  over  the  longierm.  will  eventually  cause 
measurable  change  in  the  oceanic  environment. 
Most  importantly,  long-lived  toxic  substance^ '.vill 
continue  (o  accumulate  in  open  ocean  waters  and 
inevitably  affect  oceanic  ecosystems  for  many 
years  into  the  future.  Deep-sea  mining,  if  mitiated  ' 
without  adequate  knowledge  and  precautions  will 
also  have  the  potential  to  disrupt  the  ecosystems 
of  extensi>^e  benthic  and  pelagic  areas. 


Pollution  of  (he  Open  Oceans 

The  Global  2000  energy,  GNP,  nonfuel  mm- 
erals,  and  agriculture  projections  imply  that  in- 
creasing amounts  of  toxic  pollutants  wyi  continue 
to  be  produced  in  the  decades  ahead.  Toxic  chem- 
icals enter  oceanic  waters  three  ways.  Major 
quantitiesiire  deposited  m  coastal  waters  and  sub- 
sequently carried  mto  oceanic  waters  by  currents 
and  living  organisms.  Significant  amounts  are  aiso 
deposited  directly  from  the  atmosphere.  Large 
and  probably  increasing  amounts  wiil  be  depos- 
ited directly  into  surface  and  deeper  oceanic 
Waters  by  accidental  spills,  operational  discharges 
and  intentional  dumping.  ^ 

Oceanic  ecosystems  differ  from  coastal  ecosys- 
tems by  assimilating  pollutants  from  land-based, 
coastal,  and  oceanic  sources  over  a  loQger  time 
period.  Most  pollutants  enter  marine  waters  as 
fine  particles,  as  liquids,  or  in  dissolved  form.  The 
pollutants  are  then  adsorbed  onto  fine  sedimenL 
and  detrital  particles  that  are  consumed  by  zoo-^ 
planktoii  in  the  water  column.  The  zooplankton 
incoiporate  the  pMlutants  into  their  bodies  and 
eject  them  as  packaged  fecal  pellets.  Dead'  or- 
ganisms and  feces  settle  quickly,  leading  to  a  rapid 
accumulation  of  chemicals  in  oceanic  depths.  . 

In  the  cold  oceanic  bottom  waters,  metabolism 
and  natural  sedimentation  are  very  slow,^  and 
as  a  result,  pollutants  are  biologically  degraded 
or  immobilized  in  sediments  at  a  much  slower  rate 
than  in  coastal  waters.  A  related  xonsequence  of 
the  slow  degradation  and  immobilization  of  pol- 
lutants is  that  deep  sea  communities  ar^  exposed 
to  pollutants  for  long  periods  of  time:  Lengthy 
exposure  to  even  low  concentrations  of  pollutants 
is  likely  to  be  especially  damaging  to  the  orga- 
nisms of  the  deep  iceanic  waters  because  they 
have  evolved  in  one  of  the  most  stable  .^east  vary- 
ing ecosystems  in  the  biosphere,  and  have  had 
little  need  to  c  velop  adaptations  to  deal  with 
environmental  change.^ 

Given  their  enormous  volume,  oceanic  waters 
can  accept  a  certam  amount  of  waste  material. 
Yet  the  oceans'  capacity  to  dilute  is  ultimately 
finite.  Marine  scientist  Edward  Goldberg  has  ex- 
pressed concern  that  over  ai  extended  period  of 
time  the  introduction  of  pollutants  ir  o  the  oceans 
could  lead  to  a  long-term  buildup  of  toxic  mate- 
rial, causing  **widespread  mortalities  and  morbid-  - 
ities''  in  ocean  organisms.^  Once  this  condition 
is  reached,  Goldberg  writes,  there  would  be  *'no 
turning  back.  The  great  volume  of  the  open  ocean 
makes  the  removal  of  a  toxic  substance,  identified 
by  a  catastrophic  event,  an  endeavor  beyond  man- 
kind's capabilities  with  the  technologies  of  today 
or  of  the  foreseeable  future."^ 
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Dccp-&ni  Mining 

,The  potential  environmental  implications  of 
mining  the  deep  seabed  are  not  yet  fully  tinder- 
stood  but  are  being  studied  by  the  U.S.  National 
Oceanic  and  Atmospheric  Administration,  the 
International  Union  for  the  Conservation  of  Na- 
ture and  Natural  Resources,  and  the  American 
Society  for  International  Law. 

In  a  preliminary  effort  to^^ssess  what  the  eco- 
logical impact  0/  deep-sea  mining  might  be,  the 
National  Oceanic  and  Atmospheric  Administra- 
tion (NO AA)  has  monitored  test-mining  activities 
in  the  Pacific  Ocean.  ^  The  short-term,  near-field 
effects  of  seabed  mining  have  been  evaluated  to 
some  extent:  they  include  the  action  of  the  ore 
collector  itself,  pelagic  and  benthic  plumes  gen- 
erated by  deep  seabed  collection,  and  damage  to 
benthjc  and  pelagic  organisms. 

NOAA  stated  in  its*  preliminary  estimates^ 
that  deep-ocean  mining  will  have  very  marked 
impacts  on  the  sea  floorand  in  the  20to  50  meters 
of  water  above  the  point  of  discharge  of  the  bot- 
tom effluent.  The  NOAA-monitored  mining  test 
has-found  this  to  be  true  in  varying  degrees.  The 
ore  collector  contact  zone— the  portion  of  the 
seafloor  actually  mined  and  an  area  of  several 
meters  on  either  side  of  the  collector  track— is  the- 
site  of  severe,  long-term  environmental  destruc- 
tion. Under  present  techniques,  ore  collection 
on  the  seabed  also  creates  a  benthic  plume  of 
suspended  sediment  as  thick  as  a  few  tens  of  me- 
ters. The  resedimentation  from  a  benthic  plume 
is  easily  measurable  near  the  collector  track,  yet 
diminishes  rapidly  as  the  distance  from  the  track 
increases:  NOAA  concluded  that  initial  test  mon- 
itoring has  shown  the  resedimentation  to  not* 
measurably  affect  benthic  organisms  at  sites  re- 
moved from  the  collector  track. However,  the 
available  study  methods  constrained  the  ability  of 
the  monitoring  team  to  track  the  benthic  plume 
and  observe  its  effects  on  the  deep  sea  benthic 
organisms. 

The  surface  plume  is  a  cloud  of  turbid  waste 
water  that  extends  with  decreasing  intensity  and 
detectabihty  downcurrent  from  the  mining  ship  > 
after  its  discharge.  After  monitoring  the  mining 
activity  and  conducting  initial  laboratory  tests, 
NOAA  concluded  that  the  surface  plume  has  no 
observable  deleterious  effects  on  the  rate  of  pri- 
mary productivity.  The  effects  of  the  plume  sed- 
iments on  penetration  of  light  into  the  euphotic 
tone  are  as  yet  undetermined.  Preliminary  inves- 
tigations show  no^ietejtable  "in-plume"  hiortality 
of  zooplankton;  experiments  are  being  conducted 
to  assess  the  possible  uptake  of  plume-related 
particulates  by  zooplankton.^^ 


The  International  Union  for  the  Conservation 
of  Nature  a.nd  Natural  Resources^,  Morges, 
Switzerland,  feels  that  the  eventual  environmen- 
tal consequences  of  deep  seabed  mining  may  be 
mor.e  serious  than  anticipated  or  observed,  for  the 
following  reasons: 

1.  Deep  sea  organisms  may  have  very  long  gen- 
eration times^a  benthic  clam  was  recently  de- 
scribed as  taking  200  years  'to  reach  sexual 
maturity— and  may  be  extremely  vulnerable  to 
alteration  of  their  environment.* 

2.  In  the  process  of  bringing  dredged  materials 
to  the  surface,  sediments  and  bottom  water  will 
be  released.  Settling  times  for  sediment  may  be 
very  slow— on  the  order  of  20  meters  per  year— 

•  and  intensive  dredging  operations  may  create  ex- 
tensive surface  plumes.  One  estimate  states  that^ 
several  hundred  thousand  square  miles  of  the  Pa- 
cific may  be  layered  with  sediment  in  the  100 
meters  below  the  surface  by  1990.  Clouding  of 
waters  may  have  adverse  effeate  on  many  orga-. 
nisms,  and  species  composition  of  the  phytoplank- 
ton  community  may  be  altered  due  to  transport 
of  dormant  spores  from  the  bottom  to  surface 
waters. 

3.  An  estimated  70-96  percent  of  the  nodules, 
by  volume,  will  end  up  as  processing  waste,  and 
processing  them  will  require  large  quantities  of 
chemical  reagents  and  energy.  The  wastes,  which 
will  include  heavy  metals,  may  be  quite  toxic  to 
marine  life,  and  regardless  of  whether  the  oper- 
ations take  place  on  the  coast  or  offshore,  it  is 
likely  that  they  will  produce  both  chemical  and 
thermal  pollution. 

On  tlie  other  hand,  a  report  prepared  for  the 
American  Society  of  International  Law  states  that 
if  strict  controls  and  regulations  are  established 
soon,  by  the  United  States  and  other  cottfitries* 
involved,  adverse  impact  could  be  minimized  and 
deep-^a  mining  could  be  made  environmentally 
acceptable.^) 


Conclusions 


Overall,  what  implications  do  the  Global  2000 
projections  have  for  the  marine  environment?  In 
large  part,  the  answer  is  uncertain.  The  hmited 


•The  deep  ocean  floor  exhibits  very  low  rates  of  recovery  frcwj 
damage.  Even  after  a  period  of  two  years,  densities  of  Jit'e  in 
an  altered  area  can  be  an  order  of  magnitude  lower  than  those 
of  surrounding  sediments  Benthic  species  composition  remain 
different  from  the  undamaged  ertarcling  environment  for  a 
simihar  period  of  time  (J  Frederick  Grassle.  'Diversity  and 
Population  Dynamics  of  Benthic  Organjsms."  Oceanus,  Win- 
ter 1978,  pp  42,  43.  45 
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detail  in  the  projections,  combined  with  inade- 
quacies in  present  knowledge  of  the  oceans,  leave 
many  questions  unanswered.  However,  a  few  gen- 
eral conclusions  can  be  drawn. 

First,  there  is  no  evidenc  ^o  suggest  that  the 
major  regulatory  functions  oi  the  world's  oceans 
will  be  substantially  disrupted  during  the  next  two* 
decades.  The  oceans'  heat  and  energy  storage  ca- 
pacity and  its  influence  on  global  climate  are  not 
V  expected  to  undergo  major  modifications.  The 
oceanic  rol«|  in  the  global  oxygeki,  carbon,  and 
water  cycles  will  not  be  drastically  affected  by  the 
year  2000. 

Second,  the  most  significant  impacts  of  the 
events  foretold  in  the  projections  will  probably 
occur  in  the  coastal  zones.  These  impacts  will  sfem 
from  the  projected  pressures  of  overfishing,  the 
projected  increase  in  the  installation  of  new  trans- 
portation and  industrial  facilities,  and  the  pro- 
jected discharge  of  toxic  wastes  and  petroleum 

'  hydrocarbon  products.  As  a  result  of  these  pro- 
jected developments,  the  future  pollution,  alter- 
ation aftd  destruction  of  estuaries,  coastal  wetlands 
and  ^ral  reefs  may  be  anticipated. 

Spoilation  of  coastal  waters  and  disruption  of 
estuarine  and  wetland  ecosystems  may  have  grave 
implications  for  the  coniinued  productivity  of 
global  fisheries — including  aquaculcure — and  for 
the  general  viability  of  many  ocean  organisms,  h 
'is  known  that  a  large  fraction  of  marine  fishe 
depend,  during  some  period  in  their  lives,  on 

«  tuarine  ecosystems,  coastal  wetlands  (including 
salt  marshes  and  mangroves),  and  coral  reefs.  The 
extent  to  which  the  world's  potential  fish  catch 

s  has  already  been  affected  by  losses  of  coastal  wet- 
lands«  estuaries  and  coral  reefs  is  unknown,  but 
certainly  large,  continuing  losses  may  be  expecte  J 
to  produce  adverse  effects.  Furthermore,  over- 
^hing  will  continue  to  stress  coastal  fish  com- 
munities; fisheries  catches  will  be  composed  of 
species  at  lowe^<{;ophic  levelsirand  the  proportion 
of  these  species  usdd  foe  animal  feed  and  fertilizer 
rather  thaiv  for  human  consumption  will  increase. 

CoastaL^rones  everywhere  will  be  affected  in 
one  way^r  another.  The  use  of  DDT  and  other 
persistent  pesticides  m  African,  Latin  American, 

'  and  Asian  countries  for  vecfor  control  and  agri- 
cultural pest  control  is  expected  to  increase  in  the 
next  few  decides,  and  the  quantities  of  these  per 
sistent  chemicals  entering  the  coastal  waters  and 
the  open  ocean  will  increase  accordingly.^  The 
glob!iftl  input  of  herbicides  and  other  agricultural 
chemicals  will  also  increase,  as  will  urban  and 
industrial  pollution  and  the  destruction  of  estuar- 
ine and  coastal  wetland  habitats. 
In  many  jespects  the  degradation  of  the  marine 
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environment  in  the  next  few  decades  parallels  the 
terrestrial  "tragedy  of  the  commons,"  with  the 
same  complex  problem  of  how  to  protect  a  jointly 
used,  limited  resource  in  the  face  of  population 
and  economic  growth.  No  assured  source  of  funds, 
no  unified  strategy,  and  no  authority  adequately 
pii^tects  the  global  marine  environment  from 
overuse  or  misuse.  Unilaterally  declared  two 
^hundred  mile  limits  encourage  coastal  states  to 
protect  their  ocean  resources,  but  the  oceans 
themselves  do  not  recognize  such  arbitrary  bound- 
aries; they  will  transport  pollutants  throughout* 
their  environment  regardless  of  poli:  ::al  delimi- 
tations.^ International  agreements  on  the  con- 
trol of  marine  pollution  have  addressed 
contamination  by  petroleum  and  radioactive  ma- 
terials. Dumping  of  wastes  at  sea- has  also  been 
considered  in  international  conventions,  but  the 
largest  sources  of  marine  p(iUution — land-based 
outfalls,  runoff,  and  atmospheric  emissions  of  syn- 
thetic organic  chemicals  and  heavy  metals — are 
largely  exempt  frbm  regulaciori  by  international 
agreement.  The  exploration  and  exploitation  of 
the  deep  seabed  are  also  still  unregulated.^  The 
United  Nations  Environment  Programme  (UNEP) 
ii  helping  nations  to  protect  and  manage  shared 
oiteanic  zones  through  its  Regional  Seas  Pro- 
•  <yr,imme.  Of  eight  regional  seas  programs  now 

ignated  by  UNEP  that  for  the  Mediterranean 
<;  most  developed.  Assessment  of  coastal  and 
-ocean  pollution  is  ^  eing  conducted  by  mo'^t 

ne  states  surrounding  the  Mediterranean;  they 
.  .  also  involved  in  marine  environmental  plan- 
ning and  manage  ment,  the  development  of  leg- 
islation, and  institutional  and  financial 
arrangements.  Although  difficulties  remain  con- 
cerning both  individual  and  collective  responsi- 
bilities and  capabilities,  UNEP's  Regional  Seas 
Programme  is  advancing  the  cause  for  interna- 
tional cooperation  in  the  prevention  of  ocean  pol- 
lution.^ 

To  further  complicate  the  management  of  the 
marine  commons,  there  are  societal  delays  in  re- 
sponding to  even  catastrophic  environmental 
problems.  The  Minamata  Bay  incident  in  Japan, 
involving  mercury  poisoning  through  consump- 
tion of  contaminated  fish,  is  a  case  in  point.  Af 
show}  in  Table  13-28,  17  years  elapsed  between 
the  time  the  mercury-laden  catalysts  were  first 
discharged  into  the  bay  and  the  observation  of 
neurological  disorders  in  the  fishermen  and  their 
families.  Three  more  years  elapsed  before  the 
agent  causing  the  disease  was  identified,  and  an- 
other 14  years  passed  before  the  chemical  factory 
was  held  legally  responsible  for  its  actions  and 
ordered  to  compensate  the  victims  or  their  fam- 
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1939 

1953 

1956 
1959 

i960 

1961-^ 

1965 

1967 

1971 

1973 


TABLE  13-28 

of  SockUl  Responses  to  Mercury  PoUutioii  of  the  Ocewi,  MinamaU  Bay,  Japan,  1939^73 

Ycare 
£lapfied 
Since  Pbllu- 
tion 
•ftcgan 


Chcmk^l  production  begins  on  the  shores  of  Minamata  Bay;  the  factory  discharges  spent  catalysis 
contiming  mercury  mto  the  bay.  '  e 

SiSnji^"     ^  *^  "^^^^  ^^'^^  ^"^^  ^  of 

Ncurologicil  disorders  observed  among  Minamau  Bay  rishermen  and  their  families 

ascertained  in  bay  fish  and  in  dead  patients;  an  independent  study 
sliowi  diteiK  was  methyl  mercury  poisoning  and  factory  effluent  the  likely  «)urce 
^!^!^^^  relayonsh^,  of  mercury  to  the  disease  but.  finds  new  </ischarge  sites  for 

waste;  several  new  cases  break  out  at  new  site. 

ofZ^Sf^^"^^"^       ^     "^"""^^  """^"^    "^"^"^  fishermen  for  loss 

it^S^i^'Sh^nvT*"  ""^"^  "  acetyldehyde  factory  discharges  spent  mercury 

i^'jajln'^^"^         *  ^''^^         presumed  to  be  the  first  large  avil  suit  brought  against  a  polluter 

'-'^^^  compensation  awarded  the 
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Hies.*  And  many  more  years  will  pass,  if  ever, 
l>efore^ll  of  the  consequences  will  have  run  their 
course.  If  societal  delays  on  the  order  of  decades 
arc  involved  in  the  responses  o^  a  single  nation, 
how  long  a  time  might  be  required  for  all  of  the 
nations  of  the  world  to  respond  if  the  oceans  were 
observed  to  be  evolving  into  a  •toxic  broth?' *^ 
Global  society  is  currently  in  a  reactionary 
mode  in  its  dealings  with  the  marine  environment: 


Problems  develop,  and  society  reacts— after  a 
time.  Considering  the  magnitude  of  the  short-  and 
long-term  problems  to  be  faced,  a  determined 
shift  to  a  more  anticipatory  mode  is  now  appro- 
priate. Although  dead  or  dying  global  oceans  will 
not  be  in  evidence  by  the  year  3000,  what  happens 
over  the  next  two  decade^  will  be  a  major  deter- 
minant of  the  health  and  productivity  of  Ute 
rine  environment  in  the  21st  century. 


ma- 


The  forestry  Projections  and  the  Environment 

The  Projections 

The  CIA  forestry  projections  anticipate  that  the  present  net  global  defores- 
tation rate  of  18-20  million  hectares  pef  year  will  continqe  through  the  end 
of  the  century.t  About  one-fifth  of  the  world's  land  surface  is  now  covered 
by  closed  forests.  By  the  year  2000,  the  projected  deforestation  will  shrink 


•Two  yean  later,  in  1975,  a  survey  disclosed  that  there  had 
l>cen  3,500  victiim  of  the  disease  andrfhat  an  additional  10,000 
persom  mifht  develop  symptoms  of  the  diseiM  in  the  future 
(P«iJ  R.  Ehrtkh  et  al.,  Ecoiaence.  San  Francisco:  Freeman. 
1977,  p.  574). 

tEatimatca  of  the  annual  rate  of  global  d^'arestation  vary 
widely.  Data  from  the  govemments  of  tropic  countries  in- 
dacite  a  net  aiinuil  deforestation  of  6.4  million  kiecures  during 
the  1975-SO  period,  and  an  optimistic  projection  of  iIkmc  coun- 
tries*  plam  indkatct  the  rate  wiU  decline  to  4  millton  hectares 
per  year  1^  the  1995-2000  period  (J.  P.  Lanly  and  J.  Clement, 
FmemtmdFutun  Fortsi 0nd  PUmuuion  Areas  in  thf  Tropics, 


Rome:  Food  and  Agnculture  Organization.  Jan  1979)  A 
more  widely  used  estimate  of  tropic  deforestation  is  10-12 
million  hectares  per  year  (used,  for  example,  by,  Edouird 
Saouma  in  ''Statement  by  the  Director-General  of  the  Food 
&nd  Agriculture  Organization,**  8th  World  For^try  Congress. 
Jakarta.  Oct.  16-28,  1978).  The  substantially  higher  estimnte  • 
used  in  this  study  takes  info  account  the  common  disparity 
between'the  officii  designation  of  areas  as  forests  and  the 
•ctual  use  of  the  land  by  farmers,  as  well  as  the  disparity 
between  official  intentions  and  actual  accomplishments  in  the 
tropical  nations. 
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forest  cover  to  one*sixth  of  tlie  land  surface.  As  illustrated  in  Table  13-29, 
most  of  the  deforestation  will  occur  in  the  LDCs,  whose  humid  tropical  forests 
.  and  c^n  woodlands  are  steadily.being  felled  and  converted  to  farmland  and 
pastime.  This  trend  is  impelled  by  several  forces:  the  expansion  of  agricultural 
frontiers  into  foreste'd  areaS  in  order  to  supply  food  as  populations  increase;  ^  ^ 
the  demand  for  tuelwood  and  chlrcoal;  the  demand  for  tropical  forest  prod- 
ucts by  industriahzed  nations;  and  the  demand  within  the  LDCs  for  paper 
^      and  other  forest-derived  products  as  incomes  rise.  OrNorth  America  and  the 
U.S.S.R.,  "on  the  other  hand,  only  small  reductions  in  forested  areas  are 
*  expected,  while  in  Europe  some  increase  in  forests  is  anticipated. 

The  combination  of  increasing  population  growth  and  decreasing  forest 
area  will  result  in  a  declinejn  stocks  of  commercial-sized  timber  per  person. 
In  the  industrialized  countries,  such  stock  will  fall  from  the  present  142  cubic 
meters  per  capita  to  114  cubic  meters  per  capita  in  the  year  2000,  with 
consequent  rises.in  the  real  price  of  wood  and  some  'ncreases  in  the  use  of 
substitutes  for  wood  products.  In  the  LDCs  over  the  same  period,  stocks  will 
plummet  from  the  present  57  cubic  meters  per  capita  to  21  :ubic  meters  per 
^       capita,  resuj^ng  in  serious  shortages  of  firewood,  building  materials,  and 
other  forest-derived  benefits. 
Forest  management  practices  will  also^hange.  In  the  industrial  nations, 
«  .   forest  management  will  become  increasingly  intensive  as  efforts  are  made  lo 

boost  commercial  wood  yields.  In  the  less  developed  countries,  the  planting 
of  plantation  forests  may  increase  toward  the  end  of  the  century,  but  over 
the  next  two  decades  denuded  areas  and  degraded  forests  resulting  from 
planned  agricultural  settlement  and  from  unp!anned  cutting  will  become  far 
more  extensive. 
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Of  all  the  environmental  impacts  implied  by  the 
Gk>baL2000  Study  s  projections,  the  forest  changes, 
summarized  in  Table  13-29,  pose  one  of  the  most 
s^rioi&s  problems,  particularlv  for  the  less  devel- 
oped regions  of  the  world.*'*  When  forests  are 
removed,  water  aqd  nutrient  cycles  are  destabil- 
ized, and  soil  is  left  unprotected  from  rainfall  and 
from  the  sun's  heat,  often  leading  to  a  sharp  de- 
cline in  soil  fertility  and  to  harsh  extremes  of  tem- 
perattire  and  moisture 'that  reduce  agricultural 
potentials.*"  Where  catchments  are  deforested, 
the  result  is  destabilization  of  steep  slopes  and 
increased  flooding,  both  of  which  jeopardize 
dbwnstrcam  land  and  water  use.  Where  humid 
tropical  lowlands  are  deforested  and  recovery 
does  not  occur,  sterile  soil»-~capable  of  support- 
ing little  more  than  tenacious  inedible  grasses — 
may  be  exposed.  When  followed  by  burning,  ov- 
ercolttvation,  and  ovef grazing,  deforestation  is 
merely  the  first  step  in  the  process  of  converting 
forest  :andi  into  barren  wastelands.  This  trans- 
formation opdGrFbd.  centuries  ago  in  much  of  the 
MedtterrMiean  basin  and  the  Middle  East  and  has 
already  qonirred  during  this  century  in  wide  areas 
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TABLE  13-29 

Estimates  of  World  Forest  Resources,  1978  and 
2000 


Closed  Foresi      Growing  Stock 
(militons  of        (bUlicns  fu  m 
hectares)  overbark) 


1978 

2000 

1978 

2000 

USSR 

785 

775 

79 

77 

EuH>pe 

140 

150 

15 

13 

North  America 

470 

'  464 

58 

55 

Japan,  Australia, 

New  Zealand 

69 

68  . 

4 

4  * 

Subtotal 

1,464 

K457 

156 

149 

Latin  Amenca 

550 

329^ 

54 

Africa 

188 

150 

39 

31 

Asia  and  Pacific 

LDCs 

361 

181 

•38 

19 

Subtotal  (LDCs) 

K099 

660 

171 

104 

Total  (*orld)* 

2,563 

2.117 

327 

253 

Growing  Stock 

per  Capita 

(cu  m  biomass) 

Industrial  countries 

142 

114 

LDO 

57 

21 

Global  ^ 

76 

40 

Sowt*  Tibk  S^  Md  fofcttry  profecfiom  Chapicr  S.  thti  vohMic 


355. 
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of  Africa  and  South  /  a.^'^'By  the  end  of  the 
century  it  may  well  have  occurred  throughout 
large  areas  of  Africa,.Asia,  and  Latin  America. 

Drastic  reductions  in  global  forest  area'  coupled 
with  a  simultaflfeous  grpwth  in  demand  for  wood 
products,  are  sure  to  lead  to  efforts  to  intensify 
the  management  of  the  remaming  forests  to  raise 
yields  and  to  increased  areas  of  timber  planta- 
tions. These  trends  will  have  both  positive  and 
negative  environmental  impacts.  Well-managed 
plantations  and  production  forests  (especially  in 
temperate  areas)  can  ease  the  cutting  pressure  on 
natural  forf!sts,  but  production  forests  are  biolog- 
ically less  diverse,  are  poorer  habitats  for  native 
animals,*"  and,  in  some  instances,  may  be  inferior 
to  natural  forests  in  soil  and  water  conservation 
vaTu^Sr-'ttJnergy-intenMve  fertilizers,  pesticides, 
and  herbicides  may  be  required,  creating  runoff 
and  associated  problems.  Still,  given  the  projected 
demands  for  forest  products,  intensified  wood  and 
fibef  production  will  ^  absolutely  necessary  in 
many  areas,  especially  in  the  tropics,  if  other  large 
areas  are  to  be  preserved  as  natural  forests. 

In  the  discussion  that  follows,  the  environment 
tal  consequences  of  deforestation  in  the  LDCs  ai:€ 
examined  first,  then  the  effects  of  more  intensive 
management  in  the  remaining  forests  of  *bo!fK,the 
LDCs  and  the  industrialized  nations,  followed  by 
a  brief  consideration  of  possible  global  effects  tif 
the  expected  changes  in  forest  environments, 

%      Deforestation  in  the  LDCs 

The  world's  forests  are  quite  diverse,  ranging 
from  dense  tropical  rain  forests  to  sparsely  wooded 
savannas,  from  dwarf  krummholz  forests  along 
alpine  timberlines  to  thickets  on  semiarid  cha- 
parral land.*"  To  simplify  the  discussion,  how- 
ever, all  forests  will  be  classified  here  into  one  of 
two  broad  categories:  (I)  dosed  forests,  where 
dense  tree  canopies  preclude  the  growth  of  grasses, 
or  (2)  open  woodlands,  where  canopies  are  more 
open  and  ground  cover  includ-^  grasses  and  forbs. 

CloMd  Forests 

Closed  forests  in  the  LDCs  present  difficult 
management  challenges:.  Commercial  timber  cut- 
ters usually  operate  on  a  "cut-and-get-out"  basis, 
making  no  effort  to  manage  for  perpetuity.  The 
forest  is  'thigh-graded''  of  commercially  valuable 
species,  while  much  of  the  remaining  vegetation 
is  destroyed  by  the  logging  operations.  Land  for 
crops  is  often  cleared  (frequently  by  burning)  with 
littlPor  no  use  made  of  the  wood,*  and  valuable 


•Wood  ashes  do  yield  crop  nutncnisr  -tmiil  tney  are  leached 
out,  which  is  often  quite  quickly 


timber,  such  as  teak,  is  sometimes  used  only  for 
firewood.  Although  management  regulations  of 
some  kind  have  new  been  established  in  almost 
every  nation  for  public  forests  (and  in  some  na- 
tions even  for  private  forests),  the  ability  to  en- 
force such  regulations  is  commonly  limited,  sini:e 
the  responsible  agencies  have  insufficient  person- 
nel and  inadequate  budgets.*** The  need  for  land- 
use  planning  based  on  soil  capabilities  and  site 
features  is  widely  recognized,  but  the  pace  of  plan- 
ning is  glacial,  and  land-use  changes — forced  by 
population*  growth  and  economic  development — 
are  proceeding  rapidly. 

The  disruption  of  water  systems  is  the  most  cer- 
tain environmental  consequence  of  forest  elimi- 
.  nation.  Deforestation  is  most  rapid  in  the  very 
region  where  water  systems  are  most  vulnerable: 
the  equatorial  (tropical)  belt,  lying  between  15 
degrees  ftorth  and  15  degrees  south  latitude  in 
Africa  and  America,  and  bulging  up  to  30  degrees 
north  in  Asia.  The  equatorial  belt  receives  almost 
half  the  globe's  total  terrestrial  rainfall.  Many 
areas  within  this  band  receive  over  3  meters  of 
rainfall  a  year,  and  the  rain  is  substantially  more 
erosive  than  elsewhere  in  the.wofld.**'  Until  they 
are  removed,  the  multistoried  tropical  forests 
buffer  the  force  of  torrential  rains,  absorb  at^c, 
and  slow  runcff.  Deforestation  of  this  b  will 
have  serious  effects  on  the  flows  in  the  major  river 
systems  such  as  ihe  Mekong,  the  Ganges,  the 
Amazon,  the  Congo,  and  their  tributaries;  the 
shorter  rivers  of  the  equatorial  island  systems  will 
also  be  affected.  The  effects  w^ll  be  felt  in  all  zones 
of  the  equatorial-t)elt  >vatersheds.  Effects  range 
from  landslide!,  in  the  mountains  and  siltation  of 
reservoirs  and  irrigation  areas  to  the  smothering 
of  marine  life  with  silt  in  coastal  area|.^'' 

The  extent  to  which  populations  in  the  Asian 
equitorial  belt  are  dependent  on  indirecLegricul- 
•tural  benefits  from  forests  differs  coffslderably 
from  that  of  populations  in  the  non-Asian  areas 
of  the  belt.  The  Asian  populations  will  be  consid- 
ered first. 

The  Asian  Equatorial  Belt.  Most  Asian  forests 
.lie  above  rich  alluvial  valleys  and  basins,  the  ma- 
jority of  which  are  intensively  farmed  and  irri- 
gated, and  several  of  which  support  the  largest, 
densest  agricultural  populations  on  earth.  Almost 
one-fourth  of  humanity  lives  in  these  valleys  and 
basins  and  depends  for  subsistence  on  critical  ir- 
rigation waterderived  from  forested  watersheds. 
In  India,  Pakistan,  and  Bangladesh  alone,  about 
500  million  people  depend  on  water  running  otf 
the  Himalayan  watershed,  and  a  similar  number 
in  East  and  Southeast  Asia  depend  on  water  from 
the  Himalayan  and  adjacent  mountain  systems. 
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^  Most  of  the  humid  \siim  equatorial  belt  is  sub- 
ject to  heavy  rains  during  the  monsoon  and  to 
relative  drought  during  the  rest  of  the  year.  Con- 
sequently, the  intensive  river  basin  farming  de- 
pends on  flood  cqntrol  and  drainage  for.  wet- 
season  crops  and  on  . irrigation  .for  any  double- 
cVopping,  The  loss  of  water  control  thus  spells 
dieter.  J 

Waterflows  in  tne  Asian  river  basins  depend  on 
what  happens  to  the  forests  on  the  slopes  of  the 
Himalayan  and  other  A^ian  mountain  systems. 
How  thi^  millions  of  people  living  in  these  wa- 
tersheds i^anage  the  land  and  forests  will  deter- 
mine the  stability  of  the  streamflows  av4  ilable  to 
tfic  billion  W  so  people  hving  dovvnstream.  Un- 
fortunately present  land-use  trends  offer  little 
hopet  that  the  forests  will  be  conserved.  The 
mountain  peoi|)le's  populations^  are  increasing  by 
over  two  percent  per  year  according  to  the  pro- 
jection^  in  Chapter  2,  and  they  perceive  no  alter-" 
native  to  clearing  the  forests  to  meet  their  needs. 
Many  practice  a  combmation  of  cropping  and  an- 
imal herding,  and  livestock  populations  are  grow- 
mg  apace  with^,the  human  populations.^^* 
Overgrazing  is  w.de.spread  and  getting  worse. 
Fire,  routinely  useiji  to  clear  new  croplands  and 
to 'temporarily  improve  pastures;  often  gets  opt 
of  control.^'  Commernal  cutting  has  reduced  the 
forest  c(5ver  ^f  the  Himalayan  watershed  by  as 
much  as  40  percent  in  the  past  30  years,  and  only 
ai>  estimated  10  percent  of  the  total  area  now 
under  management  by  man  in  the  Fast  and  West 
Himalayas  of  India  (.^0,000  square  kilometers)  is 
still  tree-covered.*"  Transformation  of  montane 
ecosystems  into  alpme  deserts  has  become  an  im- 
mediate problem  for  large  mountain  populations; 
landslides  and  catastrophic  floods  are  becoming 
annual  disasters.  ^ 

The  most  severe  conjiequences  in  the  coming 
decades  will  occur  downstream^  across  national 
boundaries  in  some  cases.  The  potential  for  in""- 
temational  disputes  resulting  from  Himalayan 
deforestation  was  highlighted  in  several  U.S.  Em- 
bassy cables  sent  in  response  to  Global  2000  Study 
queries  .(see  appendix  C).  For  example,  the  IJ^S, 
Embassy  in  Dacca  cabled:  ' 

Should  population '  pressures  lead  to  large-scale 
removal  of  forest  cover  ip  Nepal  and  Assam, 
Bangladesh  as.a^whole  wduld  be  adversely  af- 
fected by  the  increased  runoff.  Under  present  con- 
ditions the  country  is  subject  to  periodic  severe 
flooding*  and  the  prospect  6f  more  frequent  and 
damaging  floods  would  threaten  both  the  pro- 
ductivity of  the  land  and  large  portions  of  the 
population.  This  may  be  the  most  significant  en- 


vironmental  problem  facing  Bangladesh  bv  the 
year  2000. 
From  the  U.S.  Embassy  in  New  Delhi: 

The  ccAnbination  of  both  xjvergrazing  and  strip- 
ping of  tfees  for  fuePis  making  a  >serious  impact 
on  the  Himalayan  watershed.  Effe<;ts  are  seen  in 
landslides,  floodine  on  the  Gangetic  Plain,  low- 
ering of  the  ground-water  table,  and  reservoir  sil- 
tation.  .  .  .  Resolving  the  sociological  problems 
of  forestry  management  would  appear  to  be  as 
problematical  as  finding  the  resources  for  refor- 
estation. Supplying  art  alternative  means  for  the 
economic  survival  of  the  people  currently  using- 
tlie  forests  for  their  livelinood  must  proceed  si- 
muhaneously  with  good  forestry  practices. 

Ahd  from  the  American  Embassy  ih  Islamabad, 
Pakistan: 

The  scale  of  the  problem  overwhelms  scattered 
attempts  to  reverse  the  negative  trends.  Good  for- 
estry'practices  are  not  implemented,  and  no  one 
really  knows  how  much,  if  any,  effective  refores- 
tation is  taking  place.  Disruption  of  watershed 
cover  is  responsible  for  declining  soil  fertility,. ac- 
celerated soil  erosion,  andnncreasingly  severe 
flooding.  .  .  .  The  forestry  institutes,  which  direct 
the  few  programs,  have  proven  to  be  inadequately 
financed  and  unable  to  meet  either  the  immediate 
or  the  long-term  needs  of  forest  preservation. 

Similar  situations,  where  deforestation  is  un- 
diermining  agriculture  downstream,  are  reported 
(in  the  communications  reproduced  in  Appendix 
C)  from  Thailand,  Indonesia,  and  the  Philippines, 
and  a/e  undoubtedly  also  occurring  in  Vietnam, 
Burma*  Llaos,  and  Malaysia. 

The  Non- Asian  Equatorial  Belt.  Outside  Asia, 
the  dependency  of  the  downstream  populations 
on  upstream'  forestry  practices  is  less  intense.  The 
non^Asian  portions  of  the  equatorial  belt  are  not 
so  heavily  populated  and  do  not  support  a  major 
portion  of  the  earth's  settled  agriculture  How- 
ever, even  outside  of  Asia  deforestation  of  wa- 
tersheds will  affect  not  only  natural  systems  but 
also  the  downstream  reservoirs,  ports,  tities,  and 
transportation  facilities,  all  of  which  will  suffer 
from  flooding,  sedimentation,  and  decreased  dry- 
season  water  levels.^ 

Events  in  Panama  provide  a  microcosmic  pic- 
ture of  what  will  occur  on  a  much  wider  scale 
throughout  tropicaKAfrica  and  Latin  America. 
All  the  wa»er  for  operation  of  the  Panama  Canal 
comes  from  the  watershed  of  Lake'Gatun.  Farm- 
ecs  have  cleared  forest  from  about  half  the  wa- 
tershed, and  operation  of  the  canal  is  already 
threatened  by  destabilization  of  water  flows  and 
by  sedimentation  of  the  lake  and  its  reservoirs. 
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In  May  1977,  the  surface  of  Lake  Gatun  dropped 
3  feet  below  the-  level  needed  for  full  canal  op- 
eration. Ships  had  to  send  part  of  their  cargo 
across  the  isthmus  by  land,  and  some  large  carrters 
had  to  detour  around  the  Horn.-^uch  interrup- 
tions in  the  Canal's  performance  can  be  expected 
to  become  increasingly  he(\aeiH  if  the  tfends  in 
deforestation  cannot  be  reversed/" 

The  highland^  of  Ethiopia  and  of  the  Peruvian, 
Equadorian  and  Bolivian  Andes  have  long  suf- 
fered from  the  effects  of  deforestation  and  are 
especially  vulnerable  to  the  consequent  ecologicai 
deterioration.  While  their  salubrious  climates 
oftfen  attract  mrore  human  settlements  than  the 
surrounding  lowlands,  the  mountaiq  terrain  makes 
most^oils  prone  to  erosion  .whenever  farming  be- 
comes intensive.*"  The  hilly  rainforest  areas  of 
West  Africa  are  likewise  subject  to  severe  ero- 
sion, as  population  pressure  forces  shifting  culti- 
vators to  shorten  or  eliminate  fallow  periods. 
Consequently,  some  areas  have  already  become 
useless  badlands. 

The  elimination  of  tropical  forests  has  several 
other  damaging  effects  that  are  less  dramatic  than 
catastrophic  floods.  As  regions  are  deforested, 
they  lose  much  of  the  cooling  effect  of  shade 
evapotranspiration  and  develop  harsh  microcli- 
mates.*" Soil,  fauna  and  flora  are  e?^posed  to  the 
fill  force  of  the  sun,  rain  and  wind.  Plants  that 
can  survive  are  often  vigorous  weeda  Vain  at- 
tempts are  made  to  control  the  tough,  inedible 
grasses  that  choke  out  other  vegetation  by  more 
frequent  burning,  and  the  fires  eat  further  into 
the  remnant  stands  of  trees,  accelerating  the  de- 
crease in  life-support  capacity. 

Open  Woodlands 

Knowledge  of  open  woodlands  is  fragmentary, 
as  they  are  included  in  few  resource  inventories. 
They  are  thought  to  cover  about  30  percent  of  ihe 
earth's  total  forest^area,  or  about  L2  billrpn  hec- 
tares, but  they  contain  less  than  10  percent  of  the 
total  global  stock  of  wood.  About  half  of  the 
earth's  total  extent  of  this  type  of  ecosystem  is 
located  in  Africa,  about  15  percent  is. in  North 
America,  and  12  percent  in  South  America 

Open  woodlands  in  the  tropics  are  found  in 
semiarid  zones,  where  rainfall  is  insufficient  to 
support  a  dense  closed  forest.  In  these  dry  areas, 
fire  IS  an  effective  tool  for  weed  control  and  land- 
clearing.  Being  sparse,  open  woodland  can  supply 
only  relatively  small  quantities  of  fuel  for  ex- 
panding populations  and,  in  many  countries  (such 
as  Sudan,  Chad,  Niger,  Yemen,  Ic^n,  Afghani- 
stan, Pakistan,  India,  and  Nepal),  have  been 
nearly  eliminated  by  wood  gatherers.*^  Open 


woodlands  are  most  often  used  as  rangeland,  and 
their  regeneration  is  inhibited  by  burning  and  ov- 
ergrazing. Although  most  open  forest  species  are 
fire-resistant,  the  trees  in  many  regions  have  been 
d'^cimated  by  too  frequent  or  too  severe  burning 
in  attempts  to  make  short-term  improvements.^^* 
The  transformation  of  open  woodland  to  desert 
is  well  documented  and  has  in  many  instances 
taken  place  within  living  memory.  Where  fire- 
wood gathering,  overgrazing  and  uncontrolled 
burning  occur,  soil  nutrients  are  leached  beyond 
the  reach  of  remnant  plants,  soil  organic  matter 
is  depleted,  erosion  by  wind  and  water  becomes 
severe,  and  the  ultimate  consequence  is  often  de- 
sertification. A  large  scale  shift  of  vegetational 
belts  IS  underway  with  desert  encroaching  into  dry 
prairie,  dry  prairie  into  savanna,  and  savanna  into 
forest.  By  2000  this  succession  will  have  sharply 
reduced  the  rangelapd- possibilities  of  the -over- 
used open  woodlands. 

Prospects  for  Amelioration 

The  demand  for  forest  products,  grazing  land, 
and  cropland  will  be  high  in  the  decades  ahead, 
and  the  trends  for  both  open  woodlands  and 
closed  forests  imply  much  tropical  deforestation 
in  the  ecjuatorial  belt.  Can  these  trends,  and  the 
•  associated  environmental  impacts,  be  reversed? 
The  prospects  are  mixed.  Many  complex  inter- 
acMng  factors  are  involved.  No  amelioration  can 
be  anticipated  until  there  is  awareness  and,  given 
"awareness,  explicit  program  ideas,  then  testing 
and  demonstration.  But  forests  are  long-term  re- 
soufces,  and  economic  considerations — especially 
during  times  of  high  discount  rates — encourage 
.short-term  thinking.  Finally,  technologies  are 
being  developed  which  will  make  forest  clearing 
quicicer  and  less  expensive.,  These  factors  all  re- 
quire examination'. 

ITiere  is  a  need  for  increased  awareness  both 
locally  and  within 'institutions.  The  Chipkd  An- 
dolan  "tree  hugger''  movement  in  northern  India 
is  an  interesting  example  of  growing  awareness 
at  the  local  leveL  The  following  passage  is  para- 
phrased from  S.K.  Chauhao's  1978  article,  de- 
scribing that  movement: 

Literally  linking  arms  againsr  indiscriminate  de- 
forestation by  the  lumber  industry,  these  Hima- 
layan villagers  protectively  hug  the. trees  when 
lumberjacks  approach  to  fell  them!  The  Chipko 
movement's  primary  objective  is  to  force  the  state 
government  of  lUtar  Pradesh  to  chance  its  anti- 
ouated  forest  policy.  Most  of  the^defjrestation 
that  takes  place  in  this  area  is  no*^cause  of  wood 
collecting  to  meet  basic  energy-^flll|ds  but  the  le- 
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suit  of  the  insatiable  demand  of  the  lumber  in- 
dust^)^ 

After  a  serious  flood  and  landslide  five  years 
ago,  people  of  this  region  came  to  realize  that 
their  lives  were  intricately  interwoven  with  flie 
surrounding  forest,  and  that  official  policy  since 
colonial  times  had  been  tearing  that  web  apart. 
As  the  thick,  broad-leaf  forests  on  the  mountain 
tops  were  slowly  sold  away,  the  humus  sponge 
that  held  the  monsoon  water  back  disappeared. 
PereiMiia!  streams  now  dry  up  soon  after  the  mon- 
soon season,  and  the  collection  of  firewood  has 
become  a  major  preoccupation  of  thonill  women. 
This  deforestation  has  increasedMti  erosion  and 
decreased  local  agricultural  productivity. 

The  ecological  usefulness  of  the  government's 
afforestation  programs  in  the  region  can  be  dis- 
puted. Under  these  programs,  most  of  the  felled 
oaks,  rhododendron,  and  other  broad-leaf  trees 
are  replaced  with  pine,  because  thev  grpw  faster 
and  their  wood  is  wanted  in  the  market.  But  pine 
forests  do  not  produce  any  humus  to  absorb  water 
or  increase  soil  fertility.  Without  urgent,  pr()per 
management  of  these  forests,  the  agricultural 
economy  of  a  v^st  region  of  plains  as  well  as  tiills 
will  be  threatene(J. 

.  The  Chipko  leaders  have  organized  large  vol- 
.  untary  afforestation  programs,  planting  oroad- 
^  leaf  trees  in  mountain  areas  and  along  ri^'^rbanks 
to  halt  erosion  and  provide  a -source  of  tuelwood. 
Yet  the  fact  that  the  villagers  themselves  practice 
such  conservation  techniques,  and  feel  impelled 
to  bodily  jjre vent  the  razing  of  trees,  illustrates 
the  failure  of  the  country's  oevelopment  strategy. 
Instead  of  trying  to  link  the  life  and  economy  of 
the  local  people,  and  thereby  their  development,' 
with  the  rational  exploitation  of  the  only  resource 
surrounding  them  (in  this  case,  the  forests)  the 
government  continues  to  support  policies  that  re- 
gard these  resources  as  things  to  be  sold  to  the 
highest  bidder. 

Much  more  than  local  awareness  is  called  fpr; 
institutional  awareness  and  concern  is  imperative 
In  recent  years  there  have  been  some  encouraging 
signs  of  institutional  awareness,  at  least  at  the  ^ 
international  level.  These  developments  include 
the  establishment  of  the  United  Nations  Environ- 
mental Program  and  the  development  jf  the 
World  Bank  policy  for  environmental  as  well  as 
industrial  forestry.^  The  U.S.  Department  of 
State  and  its  Agency  for  International  Develop- 
ment recently  sponsored  a  strategy  conference  on 
tropical  deforeSmSn.^  The  papers  presented  at 
the  Seventh  Vliwd  Forestry  congress,  held  in 
Buenos  Aires  in  Py72,  are  probably  the  most  com- 
prehensive set  oftfpapers  on  silviculture  as  it  is 

Eracticed  today  around  the  world.**'*  Numerous 
DC  governments  (including  Malaysia,  the  Phil- 
ippines, Thailand,  India,.  Cnina,  and  South  Ko- 
rea) are  now  showing  serious  concern  over 
deforestation,      and  these,  institutional  devel- 


opnieril$  may  foreshadow  increased  financial  sup- 
port for  forest  management  in  the  LDCs.  However, 
forest  conservation  and  reforestation  projepts  will 
Continue  to  fai;e  stiff  competition  for  funds  and 
institutional  support.  Industrial  and  agricultural 
projects  that  show  a  quick  profit  and  give  a  more 
imn'ediate  response  to  the  LDCs  urgent  need  for 
economic  growth  are  likely  to  continue  to  receive 
higher  priority.  Forestry  projects  that  do  receive 
priority  ^nd  funding  will  still  face  formidable  eco- 
logical, bureaucrapc,  and  (perhaps  even  more  for- 
midable) sociological  obstacles. 

Several  types  of  programs  have  been  proposed 
to  offset  the  adverse  effects  of  deforestation  in 
the  LDCs.  These  proposals  include: 

•  Better  management  of  existing  fotest  resources; 

•  Reforestation; 

f  Tree  Plantations: 

•  Rangeland  management  with  grazing  controls 
and  pasture  improvement; 

•  Restriction  of  new  land  clearing,  based  on  soil 
capability  studies; 

•  Development  of  agro-forestry  techniques  for 
people  who  now  have  no  alternative  to  planting 
^annual  crops  on  steep  slopes; 

•  Dissemination  of  more  efficient  wood  cooking 
stoves; 

•  Development  of  bio-gas  and  solar  stoves  to  re- 
place wood  and  charcoal  burners;  and 

•  Intensification  of  agriculture  and  other  employ-^ 
ment -creating  forms  of  rural  development  in 
order  to  reduce  the  agricultural  pressures  on  the 
remaining  forest  lands. 

The  technical  feasibility  of  implementing  some 
of  these  proposals  in  som^^fess  developed  coun- 
tries (especially  those  in  the  more  temperate 
zones),  has  been  tested  in  recent  years.^Agro-for? 
estry  projects  (especially  for  palm  oil)  have  been 
developed  over  the  past  decade  ini Malaysia.** 
and  significant  reforestation  has'oeen  accom- 
plished over  the  past  two  decades  in  the  People's 
Republic  of  China.  ^  Industrial  wood  plantations 
have  been  established  in  parts  of  Angola.  Argen- 
tina, Brazil,  Chile,  India,  Indonesia.  Kenya,  the 
ReptrWic  of  Korea,  Malawi.  Morocco,  Tanzania, 
and  Zambia.  A  village  fuelwood  plantation  pro- 
gram is  Underway  m  the  Republic  of  Korea.**' 
Experiments  with  agroforestry  ^re  being  carried 
out  in  the  Philippines**^  and  in  Nigeria. **^  How- 
ever, outside  of  the  countries  just  named,  few  of 
these  prggrams  have  gone  beyond  the  demon- 
stration stage. 

Tropical  deforestation  is  caused  by  a  combi- 
nation of  (1)  need  for  additional  agricultural  Ijnd. 
(2)  need  for  additional  fuelwood,  and  (3)  a  sus* 
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tained  world  demand  for  tropical  woods  operating 
Mn  the  absence  of  effective  and  enforced  programs 
for  forest  conservation  and  management.  Syner- 
gisms are  often  involved  For  e^jample,  although 
a  growing  population  of  subsistence  farmers  is 
clearing  land  to  grow  food,  access  to  such  land  is 
possible  in  many  cases  only  because  commercial 
logging  operations  have  opened  the  forests  in  re- 
sponse to  growing  domestic  and  foreign  demand 
for  wood  products.^  Access  and  transportation 
are  also  factors  in  the  economics  of  clearing  steep 
slopes.  Even  if  the  soil  washes  away  after'only 
one  or  two  crops,  farmers  can  support  themselves  • 
over  several  seasons  of  clearing  by  selling  fire- 
wood or  charcoal  on  the  regional  market  if  trans- 
portation IS  available. One  of  the  causes  oflhe 
growing  world  demand  for  forest  products  is,  6f 
course,  population  growth,  but  income  is  also  a 
major  factorvand  the  U.N.  Food  and  Agriculture 
Organization  (FAO)  I's  well  aware  of  both.  Edouard 
Saouma,  FAO  Direitor  General,  stated  recently 
that.  Based. on  projections  of  past  trends: 

Over  the  next  16  years  it  is  expected  that  con- 
sumption of  forestry  products  will  rise  by  75  per- 
cent to  an  annual  roundwood  equivalent  of  4,000 
million  m\  If  international  development  strate- 
gies were  to  increase  the  guying  power  of  the 
masses  of  people  in  the  developing  world,  even 
by  a  small  fraction ,  projected  consumption  ^leures 
would  be  far  higher.-**^ 

In  addition,  possibilities  for  earning  foreign  ex- 
change, needed  by  many  LDCs  to  reduce  large 
foreign  debts,  will  continue  to  be  a  motivating 
factor  in  establishing  tropical  forest  policy**^  and 
will  therefore  also  influence  the  possibilities  fcr 
ameliorating  the  tropical  deforestation  tr^ds. 

While  techniques  and  technologies  are  being 
develofjpd  that  will  assist  in  protecting  and  e;^ 
pandinj|fijrest^,  other  technical  developments 
may  affect  the  future  of  ttopical  forests  adversely. 
A  variety  of  faster,  less  costly  technologies  are 
being*  developed  to  replace  cutting  and  burning, 
the  traditional  methods  of  clearing.  For  example! 
Agent  Orange,  the  chemical  defoliant  used  widely 
by  U.S.  armed  forces  in  Vietnam,  is  reportedly 
available  in  farm  supply  stores  m  the  Amazon 
basin,  where  it  is  used  to  clear  larfd  for  cuhiva- 
tion.*^  The  chemicaf  2,4,5-7,  one  of  two  herbi- 
cides contained  in  Ageftt  Orange  and  invariably 
contaminated  With  the  toxic  compound  dioxin,  is 
no-  ./dnned .in  the  United  Stat?s*^  bec«use  it  has 
been  linked  with  birth  defects  and  mi^xarriages.* 

•The  Comptroller  Gcncratof  the  United  States  has  recorn- 
mcnded  that  the  Department  of  Defense  conduct  a  survey  of 
any  long-ierm  medical  effects  on  military  personnel  who  were 


Another  innovative  tfechniquefor  efficient  clear- 
ing of  tropical  forests  in  Bxazil  is  the  correntao  ^ 
This  involv<?s  the  use  of  very  large  anchor  chains, 
roughly  100  meters'in  length  and  weighing  up  to 
10  tons.  Enormous  tractors  attached  to  each  end 
'   drag  them  through  the  forest,  uprooting  trees  and 
eyerythiijg  else  in  the  path.t  Still  another  tech- 
nological developiment  likely  to  significantly  affect 
at  jeast  the  Brazilian  tropical  forests  is  the  ^^float- 
ing  papermill  "  In  1978,  industrialist  Daniel  Lud- 
wij^  floating  papermill  (fonger  than  two  football 
fiel(k  in  size)  was  towed  from  its  con3truction  site 
in  ^pan  through  the  Indian  and  .Atlantic  Oceans 
to  Its  final  destination  along  the  Jan  River,  a  trib- 
utary of  thfj  Amazon.  Time  magazine,  reporting 
on  the  $250  million  plant ,  commented  that  by  1 98 1 
the  factory  "will  turn  out  750  rnetric  tons  of 
bleached  kraft  pulp  a  day,  enough  to  make  a  single 
strand  of  toilet  paper  stretching  more  than  6-'/2 
times  around  the  world,  .  .  .  7b  feed  the  mill's 
appetite,  Luuwig's  crews  have  cleared  nearly 
250,000  acres  of  jungle  so  far  and  planted  81  mil- 
lion fast-growmg  trees.  ^'^E\erm^allv.  Ludwi^r 
plans  to  "ta^ine"  an  area  of  raiitforesi  almost  the 
::ze  of  Connecticut  *         ,  ' 
What  then  are  the  prospects  for  amelioration^ 
of  the  tropical  deforestation  trends  in  the  LDC> 
While  there  are  a  number  of  important  and  en- 
couraging demonstration  projects,  environmen-. 
tally  significant  conservation  and  reforestation* 
practices  cannot  be  expected  unless  and  until  tech- 
nically competent  institutions  are  provided  with 
more  resources  and  authority.     Sociological  re- 
search on  community  cooperation  and  institutions 
will  also  be  necessary  if  village-level  woodlots  to 
meet  woodlot  and  er  vironmental  needs  are  to  be 
Widely  established.**' 

By  the' Year  2000 

Assuming  no  change  in  policy  (the  standard 
policy  assumption  of  the  Global.  2000  Study's  pro- 
jections), deforestation  can  be  expected  to  con- 
tinue as  projected  in  Chapters.  Deforestation  will 
affect  the  rural  segments  of  the  LDC  populations 
most  severely.  Small  farmer^  m  South  and  South- 
ea<^t  Asia,  already  among  the  world  s  poorest,  will 


likely  10  have  been  exposed  to  herbicides  m  Souih  Vie:nam 
{Hfalth  Effects  of  Exposure  to  Herbtade  Oranf^e  m  Viftnam 
Should  Be  Resolved,  Washington  U  S  General  Accounting 
Of/ice.  Apr  6.  1979  )  ^ 
tThis  technique  was  used  earlier  (and  may  have  been  devcl- 
oped  initially)  in  ffce  United  Stales,  where  it  was  used  in  arid- 
zone  range  man^ement  Undesirable  wtH)dy  vegetation  was 
scraped  from  the  land  with  hpayy  chains,  after  which  preferred 
range  grasse.  were  sown  (John  Valentine.  Ranj^e  Develop^ 
ment  and  rmprov>mem,  Provo  Brigham  Young  Univ  Press 
1974,  p  516  ) 
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face  yet  harder  times  as  waterflows  from  the 
mountain  watersheds  become  more  erratic  and  as 
reservoirs  essential  for  irrigation  are  filled  with 
silt  eroded  from  the  deforested  slopes.  In  Africa, 
^4]£<(jsmen  will  find  that  rangeland  will  recover 
mor^slowly  (where  it  does  recover)  from  periodic 
droughts.  Throughout  the  LuCs  millions  of  farm- 

y  ers  using  shifting  agriculture  will  experience  sharply 
declining  harvests  as  yields  fall  and  the  short  fal- 
low periods  fail  to  restore  soil  fertility. 

A  consequence  of  deforestation  and  simulta- 
neous population  growth  is  that  wood  for  fuel  will 
be  in  short  supply  and  more  people  will  be  forced 
to  use  grass,  crop  residues,  and  animal  dung  for 
cooking  fuel,  further  endangering' land  productiv- 
ity, since  these  organic  materials  are  essential  for 
the  maintenance  of  soil  quality.  As  prices  for  com- 

^  mercial  fuel  increase  and  gathered  fuels  become 
scarcer,  the  costs  (both  monetary  and  temporal) 
of  boiling  water  and  cooking  food  may  become 
prohibitive  for  the  poorest  populations,  esgecially 
in  are-^s  where  fuelwood  plantations  have  not 
been  established. 

Increased  Intensity  of  Forest 
Management 

As  explained  in  Chapter  8,  the  real  price  of 
forest  products  is  expected  to  rise  in  the  coming 
tw5  decades.  The  rising  prices  will  enhance  the 
profitability  of  investments  in  forest  management, 
and  forests  can  be  expected  to  become  increas- 
ingly subject  to  human  control  and  manipulation 
through  intenj^ve  silviculture  and  tree  farming. 

While  it  is  not  possible  to  know  precisely  how 
.fast  intensive  silviculture  will  develop,  the  trend 
is  clear.  It  is  also  clear  that  there  will  be  both 
positive  and  negative  environmental  conse- 
' ,  quences.  On  the  positive  side,  the  higher  ^relds 
resulting  from  faster  growth  of  wood  in  the  in- 
tensively managed  stands  and  from  more  com- 
plete exploitation  of  accessible  natural  stands 
should  take  some  pressure  off  the  less  accessible  ^ 
forest  area?  and  thus  allow  the  preservation  pi 
some  forests  in  their  natural  sltate.  Wood  from 
intensively  managed  stands  could  certainly  en- 
hance the  human  environment  for  those  who  de- 
pend on  firewood  arid  charcoal  for  domestic  fuel. 
On  the  negative  side,  a  number  of  adverse  envi- 
ronmental effects  are  anticipated,  some  of  which 
raise  questions  about  the  basic  viability  of  inten- 
^jfy^  silviculture,  especially  in  the  tr9plcs. 
^1*hc^chnological  problems  involved,  are  sim- 
ilar in  many  ^ys  to  those  of  intensive  agriculture. 
Bpth  intensive  silviculture  and  intensive  agricul- 


ture involve  high-yield  strains  and  monocultures. 
Planf  geneticists  have  been  at  work  not  only  on 
grains  but  also  on  trees,  and  there  are  hopes  that 
fast-growing  supertree  pfantations^  will  be  to 
forestry  what  Green  Revolution  methods  have 
been  to  agriculture.*  However,  monocultures  of 
genetically  identical  trees  face  essentialb'  the 
same  problems  as  monocultures  of  genetically 
ijlentical  grains.  These  basic  problems  were  dis- 
cussed at  some  length  for  the  case  of  the  Green 
Revolution  in  the  food  and  agriculture  section  of 
this  chapter;  a  few  points  particularly  relevant  to 
intensive  silviculture  and  tree  farming  will  be  con- 
sidered here. 

A  major,  perhaps  underestimated  problem 
faced  by  both  intensive  silviculture  and  intensive 
agriculture  is  the  increasing  energy  subsidies  they 
require.  The  fossil  fuel  subsidies  inherent  in  in- 
tensive agriculture  have  received  mtch*attention 
and  have  been  discussed  extensively  in  the  liter- 
ature (apd  earlier  in  this  chapter),  but  the  energy 
requirements  of  intensive  silviculture  have  been 
ex^ined  relatively  little.  A  1970  study^*  found 
that  fertilization  and  shorter  rotation  rei^ulted  in 
a  38  percent  increase  in  Douglas  fir  production, 
while  costs  (excluding  any  costs  of  environmental 
protection)  increased  64  percent.  Still  higher  cost 
increases  could  be  anticipated  it  the  energy  sub- 
sidies had  been  priced  at  the  post-1973  leveh 
Nonetheless  it  is  certainly  true  that  trees  grow 
rapidly  in  the  tropics,  producing  rotation  times  as 
short  as  10  years.  Attention  is  now  being  fxused 
on, nitrogen-fixing  species  that  may  not  require 
fertilizer.  More  attention  to  aihd  testing  of  indig- 
enous species  are  needed,  rather  than  further  at- 
tempt$  to  grow  a  few  erotic  species.  But  no  matter 
what  species  are  ultimately  chosen,  the  energy 
subsidies  inherent  in  intensive  silviculture  deserve 
closer  exarunation  before  major  commitments 
^re  made. 

Another  difficulty  in  applying  the  intensive 
Green  Revolution  methods  to  forests  is  that  tbe^ 
time  between  harvests  is  so  much  longer  tor  trees 
than  for  grains.  A  combination  of  genetics  and 
management  practices  i">  expected  to  reduce  tem- 
perate-zone growth  cycles  from  150  to  40  years 
for  Douglas  fir  and  from  60  to  35-40  years  for 
southern  pine.***  Nonetheless,  the  exposure  pe- 
riod for  genetically  identical  monocultures  of  trees 


*In  1975,  the  jouroal  of  the  American  Fcest  Institute  looked 
forward  to  an  increase  of  \i)0  percent  in  t\k  productivity  of 
land  in  the  production  of  wood  and  an  increase  of  300  percent 
in  fiber  yields  ("More  Wwd.  Faster."  Green  America,  Fall 
1975). 
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(even  inihe  tropics)  will  always  be  long  compared 
with  the  corresponding  exposure  period  for  grains. 
As  with  grains,  pests  and  pathogens  may  evolve 
ways  to  overcome  the  genetic  defenses  of  single 
strains,  producing  plant  epidemics  comparable  to  . 
the  southern  corn  blight  or  the  Dutch  elm  dis- 


ease. 


As  with  the  deforestation  problem,  the  negative, 
environmental  impacts  of  intensive  silviculture 
will  probably  be  more  severe  in  the  tropics  than 
in  the  temperate  zones  Foresters  and  biologists 
have  suspected  for  some  time  that  the  great  eco- 
logical diversity  of  tropical  forests,  which  makes 
them  exceptionally  stable  under  natural  condi- 
tions, also  makes  them  exceptpnally  vulnerable 
to  permanent  damage  from  logging  operations 
and  that  natural  forest  stands  degrade  severely 
when  subject'id  to  intense  use.*" 

Most  silvicultural  methods,  have  been  devel- 
oped by  foresters  in  the  temperate  zones^and  are 
of  doubtful  suitability  or  utility  for  forests  of  the 
humid  tropics.  A  substantial  research  investment 
must  be  made  to  develop  appropriate  ^Ivicultural 
methods  for  tropical  environments.  However,  the 
time  lag  inherer.i  in  forestry^  research  (a  growth 
cycle  measured  in  decades,  as  opposed  to  months 
for  grains)  delays  the  economic  return  from  trop- 
ical forest  research  investments,  making  it  difficult 
to  obtain  support  for  forestry  research  in  the 
LDCs.  In  the  absence  ot  extensive  tropical  for- 
estry research,  technDlogical  breakthroughs  are 
not  likely,  and  the  applicatioif  of  doubtful  forest 
management  methods  can  be  expected  to  con- 
tinue for  at  least  several  decades. 

There  are  other  reasons  forenvironmental  con- 
cern about  increasea  silvicultural  intensity:  (!)  In 
both  the  industrialized  nations  and  the  LDCs,  the 
ability  of  many  forest  sdils-to  ^lam  Siiort-iota- 
tion  tree  cropping  is 'doubtful.  Recent  U.S  re- 
search indicates  that  even  ia  quickly  recovering 
temperate-zone  forests,  the  loss  of  soil  nutrients 
following  a  clear-cutting  operation  is  significant.'^ 

(2)  There  is  some  ^evidence  that  plantations  of 
uniformly  aged  trees  ^do  not  stabilize  watersheds 
as  well  as  the  natural  forests  that  .preceded  them. 

(3)  Applications  of  pesticides  and  fertilizers  are 
likely  to  aff  ecosystem  elements  other  than  the 
trees  they  arc  intended  for,  reducing  the  diversity 
of  both  flora  and  fauna  and  threatening  the  health » 
of  forest  lakes  and  streams.  (4)  4n-  sonie  places 
intensively  managed  forests  may  even  become 
sources  of  pollution  (from  fertilizers  and  other 
applied  chemicals),  where  they  once  functioned 
as  filters  of  air  and  water.  ^ 

Given  all  these  problems,  how  rapidly  can  the 
pethods  of  intensive  silviculture  be  applied?  Even 


with  the  higher  prices  anticipated  for  forest  prod- 
ucts, there  are  serious  difficulties  in  the  way  of 
rapid,  global  developments  in  intensive  silvicul- 
ture, and  the  pace  of  application  promises  to  be 
flower  than  was  the  case  for  intensive  agricultural 
methods. 

■Jo  date,  experience  with  intensive  silviculture 
IS  limited  to  a  very  small  number  of  complete 
planting-to-harvest  cycles.  Furthermore,  as  shown 
in  Ch'apter  8;  intrtisive  silviculture  is  being  prac- ' 
ticed  at  present  on  a  regional  scalfe  only  in  Europe, 
although  significant  local  developments  are  taking* 
place  in  Japan,  North  America,  the  People's  Re^ 
public  of  China,  Brazil.  SoutTi  K^rea,  ^nd  New 
Zealand.  Less  intensive  techniques,  such  as  reg- 
ulation of  livestock,  pest  control  and  reforestation 
are  practiced  on  parts  of  the  forests  in  most  in- 
dustrialized countries  and  on  scattered  sites  in 
many  LDCs.  In  most  forests  outside  Europe  and 
North  America,  however,  the  only  management 
inputs  ^re  fire  control  and  occasional  cutting. 

As  a  result  of  all  of  these  present  and  potential 
problems,  and  because  of  limited  plpnting-to-har- 
vest  experience,  most  businessmen  and  investors 
consider  plantation  forestry  outside  of  the  tem- 
perate zone  an  unproven  technology.***  Many 
decades  will  pass  before  the  questions.created  by 
these  problems  have  been  answered.  Investors 
wil!  be  slow  to  move  into  intensive  silviculture, 
particularly  in  the  tropics.  Because  of  technical 
problems,  most  multinational  forest  product  com- 
panies do  not  expect  that  the  incentives*  will  war- 
rant laree-scale  commercial  planting  b/efore  the 
1990s.  ^  It  is  even  less  certain  when  and  if  publicly 
sponsored  and  local  commerbial  enterprises  will 
undertake  plantation  forestry  projects  on  a  scale 
that  would  alleviate*  local  and  global  firewood 
scarcities. 

For  all  these  reasons,  major  industrial  wood 
harvests  fronf  manmade  tropical  forests  ace  not 
likely  to  begtn  by.  the  year  2000.  Nonetheless,  lo- 
cally important  harvests  of  wood  for  fuel.and  for 
village-level  construction,  could  be  realized  by 
2000,  and  Important  watershed  protection  could 
be  achieved  in  some  areas  where  policies  and  at- 
titudes are  now  changing  and  where  fast-growing 
tree  species  are  available. 

•Several  ycais  ago,  Brazil  established  strong  tax  Incentives  for 
reforestation,  and  a  substantial  amount  of  planting  wa5  done 
hastily  by  corporations  and  jarge  landowners  in  the  country's 
subtropical  areas.  Un^cr  these  incentives,  the  area<Jevoted 
aitnually  to  coninjercial  planting  was  about  three  times  the 
goal  set  by  the  Food  and  Agriculture  Organization  for  alt  of 
Latin  America  Brazil,  however,  has  now  redi'ced  the  tax  in- 
centives. (Gordon  Fox,  "Commercial  Forestry,"  Proceedings, 
U  S  Strategy  Conference  on  Tropical  Deforestation,  Wash- 
ington Department  of  State,  Oct  1978  ) 
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Global-Scale  Environoiental  Iinpacts  • 

Tnere  are  two  globa|-scale  environmental  im- 
pacts td  bfc  anticipated  from  the  forestry  projec- 
tions. Firsf  is  a  potential  impact  on  the  world's 
clfiiriQte.  Second  is  a  significant  reduction  in  the 
^umber  of  plaiii  and  animal  specits  on  the  planet. 

Changes  .in  Oimate  ^ 

The  anticipated  change- in  global  forest  inven- 
tory may  affect  global  climate  prtterns  by  increas- 
ing the  amount  of  carbon  dioxide  ta  the'atlfiosphere. 
ClimatoliAgisIs  have  been  aw^re  of  \  steady  m- 
crease  in  atmospheric  carbon  dioxide  (CO,)  for 
many  years,  and  sope,  as  already  stated  in  Chap- 
ter 4,  have  expressedxbhcern  that  a  global  warm- 
ing trend  may  result.  Until  recently,  it*  was 
assumed  by  most  exper4s*  that,  nearly  all  of  the 
increase  was'eoming  from  the  burning'pf  fossil 
fuds  and  that  the  earthX  plants  wei^^absorbing  ' 
:ome  of  the  excels.  However,  recent  calculations 
that  take  defoicstation^into  account  indfcate  that 
carbon  stored  in  the  biomasshas  been  decreasing 
ratter  than  increasing.  One^ough  estimate  indi- 
cate«  that  as  much  a$  half  the  carbon  in  the  earth's 
biomass  may  Be  stored  in  th  ^  forestst  much  of  it 
in  the  tropics,  and  that  current  rates  of  forest 
clearing  may  be  releasing  amounts  of  carbon  diox- 
ide approximately  equ^ltent  to  the  amounts  com- 
ing from  fossil  fuel  coifsumption.**^  Others  feel 
that  thes-"  amounts  and.rates  are  probably  lower. 
It  is  well  known  that  not  all  of  the  CO,  released 
to  ihe  atmosphere  remains  there,  but  there  is  still 
debate  ever  the  sinks.  Some  W.the  released  CO, 
is  stored  in  new  forest  growth,  but' the  ifet  de- 
crease in  wood  volume  projected  in  this  s^ady 
'  implies  an  acceleration  of  the  CO,  Efuildup  that 
may  have  significance  for  climate  as  early  as  20S0. 

Changes  in  BMogical  DIversHp"^ 

The  second  global  change  implied  by  the  for- 
estry projections  is  a  significant  reduction  in  biotic 
diversity.  The  extent  to  which. the  diversity  of  the 
floi^  and  fauna  is  mai^^tained  provides  a  basic 
index  to  the  ecological  health  of  the  planet.  Pres- 
ently the  world's  biota  contains  an  estimated  3-  ^ 
10  million  species.***  Until  ihe  present  century, 
the  number  of  species  extingnished  as  a  result  of 
human  activities  was  small,  and  the  species  so 
affecicd  were  regarded  as  curiosities.  Between 


*G  E  Hutchmson  i&  an  exception  In  1954  he  estimated  that 
the  m  Tease  in  atmosphenc  CO,  from  forest  destruction  was 
about  equal  to  ihat  from  the  burning  of  fossil  fuels  ("The 
Biochemistry  of  the  Terrestnai  Atmosphere.''  in  G  P  Kuiper. 
ed  .  Tht^ Solar  System,  Chicago  (Jniv  oC Chicago  Press.  1954. 
vol  ri.pp  37M3.^). 


nrv/and  2000,  however,  the  number  of  extinctions 
"^used  by  hii^an  aotivities  will  increase  rapidly. 
Loss  of  wild  habitat  itiay  be  the  single  most  im- 
pcaant  factor.  The  projected  gVowth  in  liyman 
population  and  economic  activity  can  be  expected 
to  create  enon|nOus  economic  and  political  pres- 
sure to  convert  the  planet*s  remaining  wildJands 
to  other  uses.  As  a  consequence,  the  extinction 
rate  will  accelerate  conSfderably. 

The  death  of  an  individual  is  very  different  from 
the  deat|i  of  a  species.  A  species  is  a  natural  biotic 
unit — a  population  or  a  series  of  populations  of 
sufficient  genetic  similarity  that  Successful  repro- 
duction between  individuals  pan  take  place.  The 
death  of  an  individual  of  a  particular  species  rep* 
resents  the  loss  of  one  of  a  series  of  similar  in* 
^viduals  all  capable  .of  reprcKlucing  the  basic 
.form,  while  the  death  of  a  species  represents ^h 
thi  Wss  of  the  basic  form  and  its  reproductive^ 
potential.^  N 

Extinction!  thea,  is  an  irreversible  process 
through  which  the  potential  contributions  of  bi- 
ological resources  are  lost  forever.  In  fact,  plant 
and  animal  species  are  the  only  truly  nonrenew- 
able resources.^  Moit/ resources  traditionally 
termed  **ncnr<;newaWe"-ti^inerals*and  fossil 
fuels — received  i.,at  labeJ^ecause  they  lack  the 
reproductive  capability.  Yet  most  nenbiotogical 
compounds  and. elements  are,  at  least  in  theory, 
fully  renewable.  Given  stffficient  energy^  non- 
biological  resources  can  be  separated,  trans- 
formed, and  restored  to  any  desired  fern.  By 
contrast.  l)iotic  resources — species  (not  individu- 
als) and  ecosysten.^> — are  completely  nonrenew- 
able.* Once  extinguished,  species  cannot  be 
recreated.  When  extinct,  biotic  resources  and 
their  contributions  are  lost  forever. 

How  many  extinctions  are  implied  by  the 
Global  2000  Study's  forestry  projections?  An  es- 
timate was  prepared  for  the  Global  2000  Study  ^ 
Thomas  E.  Lovejoy  of  the  World  Wildlife  Funu. 
Dr.  Lovejpy*s  analysis,  together  with  a  tabular 
summary  of  the  results,  is  presented  on  the  n^xt 
four  pages. -His  figures,  while  admittedly  rough, 
are  frightening  in  magnitude.  //  present  trends 
continue— as  they  certainly  will  in  many  areas— 
hundreds  of  thousands  of  species  can  be  expected 
to  be  lost  by  the  year  2000. 

Extinction,  of  course,  is  the  normal  fate  of  vir- 
tually all  species.  The  gradual  processes  of  natural 
extinction  will  continue  in  the  years  ahead,  but 
the  extinctions  projected  for  the  coming  decades 
mil  be  largely  human-generated  and  on  a  scale  that 
renders  natural  extinction  trivial  by  comparison. 


*Aiso  see  the  discussion  of  this  point  in  Chapter  2. 
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A  PROJECTION  OF  SPECIES  EXTINCTIONS* 


Virtually  all  of  the  Global  2000  Study's  pro- 
jections—especially the.  forestry,  fisheries, 
population,  and  GNP  projections—have  im- 
plications for  the  extinction  of  species.  Ac- 
cepting these  projections  as  correct,  how  many 
(  .inctions  can  be  anticipated  by  2000? 

Probably  the  largest  contribution  to  extinc- 
tions over  the  next  two  decades  will  come  as 
a  result  of  deforestation  and  forest  disruption 
(e.g.  putting  **high-grade''  species),  especially 
in  the  tropics.  The  forestry  projei  tions  m  Chap- 
ter 8  provide  an  estimate  of  the  amount  of  trop- 
ical deforestation  to  be  expected.  The  question 
then  is:  What  fraction  of  the  sp^ies  now  pres- 
ent will  bq  extinguished  as  a  result  of  that  de- 
forestation?" 

Possible  answers  are  provided  by  the  curves 
in  Figure  13-8.  The  curves  in  this  figure  do  not 
represent  alternative  scenarios  but  rather  re- 
flect the  uncertainty  in  the  percent  of  species 
lost  as  a  result  of  a  given  amount  of  defores- 
tation. The  endpoints  are  known  with  more 
accuracy  than  other  points  on  the  curves. 
Clearly,  at  zero  deforestation  the  resulting  loss 
of  species  is  zero— and  for  100  percent  defor- 
estation, the  loss  approaches  100  percent.  The 
reasons  for  the  high  losses  at  IOC  percent  de- 
forestation are  as  follows. 

The  lush  appearance  of  tropical  ram  forests 
masks  the  fact  that  these  ecosystems  are  among 
the  most  diverse  and  fragile  in  the  entire  world 
The  diversity!  of  tropical  forests  stems  in  part 
from  the  tremendous  variety  of  life  zones  cre- 
ated by  altitude,  temperature,  and  rainrall  var- 
iations.^^ The  fragility  of  tropical  forests  stems 
from  the  fact  that,,  in  general,  tropical  soils  con- 
lain  only  a  very  limited  ^tock  of  nutrients.  Typ- 
ically, the  nutrients  in  tropical  snils  arc  only  a 
small  part  of  the  total  inventory  i  nutrients  in 
the  tropical  ecosystem.  Most  o\  the  nutrients 
arc  in  the  diverse  flDra  and  fauna  of  the  forests 


•This  projection  was  developed  for  the  oiooai  2W0  Sludy 
by  Dr.  Thomas  E  Lovejoy  of  ihe  World  Wildlife  Fund 
^Diversity  here  is  used  simply  m  ihe  scose  of  numbers  of 
speaes  Ecologists  some  limes  use  more  complex  mdicrs 
of  ecological  diversity 


themselves  Tropical  forests  sustain  themselves 
through  a  rapid  and  highly  efficient  recycling 
of  nutrients.  Little  nutrient  is  lost  when  an  or- 
ganism dies,  but  when  extensive  areas  t>f  forest 
are  cleared,  the  nutrients  are  quickly  leached 
out  and  lost.^ 

Studies  have  shown  that  there  are  a  wide 
variety  of  tropical  soils.  Some  (such  as  those 
in  lowland  swamps)  are  rich,  but  most  are 
either  thin,  infertile,  and  highly  acidic'  or  thick 
and  highly  leached  of  nutrients.  Recent  aerial 
surveys  of  the  Amazon  basin,  for  example,  in- 
dicate that  only  2  percent  uf  the  soils  are  suit- 
able for  sustained  agriculture.  Once  cleared, 
the  recycling  of  nutrients  is  interrupted,  often 
permanently.  In  the  absence  of  the  forest 
cover,  the  remaining  vegetation  and  exposed 
soil  cannot  hold  the  rainfall  and  release  the 
water  slowly.  The  critical  nutrients  are  quickly 
leached  from  the  soils,  akid  erosion  sets  in- 
first,  sheet  erosion;  then  gully  erosion.  In  some 
areas  only  a  few  years  are  required  for  once 
dense  forest  lands  to  turn  to  virtual  pavements 
ot  laterite,  exposed  rock,  base  soil,  or  coarse 
^^weed^^'grass^s.  The  Maryland-sized  area  of 
Bragantina  in  the  Amazon  basin  is  probably 
the  largest  and  best-known  area  to  have  already 
undergone  this  process,  becoming  what  i^as 
been  called  a  "ghost  landscape. 

With  formerly  recycled  nutrients  lost  through 
deforestation  and  its  aftereffects,  the  capacity 
of  a  tropical  rain  forest  to  regenerate  itself  is 
highly  limited  and  much  less  than  that  of  a 
temperate  forest.  The  possibilities  for  regen- 
eration are  limited  further  by  the  fact  that  (he 
reproductive  biology  of  many  of  the  tree  spe- 
cies found  in  mature  trop  ical  forests  is  adapted 
to  recolonizing  small  patches  of  disturbed  for- 
est rather  than  the  large  areas  now  being 
cleared.*"  As  a  result  and  in  spite  of  rapid 
succession  rakes,  the  disruption  and  simplifi- 
cation from  deforestation  of  tropical  rain  for- 
ests is,  for  the  n"  >st  part,  irreversible,  given  the 
time  scale  necessary  to  preserve  the  present 
mature  and  diverse  biota.  While  a  few  attempts 
at  reforestation  to  natural  tropical  forest  arc 
being  made,  only  limited  success  has  yet  been 


Efforts  to  meet  basic  human  needs  and  rising  ex- 
pectations are  likely  to  lead  to  the  extinction  of 
between  one-fifth  and  one-seventh  of  all  species 
over  the  next  two  decades.  A  substantial  fraction 


of  the  extinctions  are  expected  (o  occur  in  the 
tropics. 

The  lost  potential  of  the  earth's  biological  re- 
sources is  often  neglected  in  considering  the  con- 


Fifwt  13-t.  Lou  of  pectes  through  clearing  of  tropica!  for«»t  areas — five  projections 


achieved  (e.g. ,  in  Puerto  Rico).  More  typically, 
tropical  forests  are  either  cleared  anid  aban* 
doned,  or  (if  the  soil  and  economics  permit) 
converted  to  plantation  forests  of  high-growth 
species  such  as  Eucalyptus,  Pinus,  and  Gme- 
Una,  V  hich  are  not  suitable  for  the  diverse  local 
fauna  found  in  mature  tropical  forests. 

As.  a  consequence  (and  for  purposes  of  the 
rough  calculations  here)  the  rain  forest  areas 
modified  by  deforestation  can  be  expected, 
with  few  exceptions,  to  include  a.  negligible 
number  of  the  species  that  were  present  in  the 
virgin  forests.  The  estimate  used  for  the  end- 


point  of  the  curves  in  the  figure  for  100  percent 
deforestation  is  therefore  a  95  percent  loss  of 
species.  So  much  for  the  endpoints  of  the 
curves. 

The  general  shape  of  the  curves  (convex,  lin- 
ear, or  concave)  depends  in  large  part  on  the 
size  of  the  areas  needed  to  preserve  the  eco- 
systems on  which  the  species  depend.  Unfor- 
tunately, little  is  known  about  the  size  of  these 
areas.  ^  Most  tropical  species  occur  at  exceed- 
ingly low  densities.  Dispersal  (to  compensate 
for  local  extinctions)  is  probably  an  important 
part  of  their  biology,^  and  this  survival  strat- 


sequences  of  deforestation  in  the  tropics.  Tropical 
forests  contain  both  the  richest  variety  and  the 
least  well  known  flora  and  fauna  in  the  world.  It 
would  be  difficult  to  overstate  the  potential  value 


of  this  huge  stock  of  biological  capital,  which,  if 
carefully  managed,  could  be  a  rich,  sustainable 
source  of  building  materials  and  fuel,  as  well  as 
medicinal  plants,  specialty  woods,  nuts,  arid  fruits. 
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egy  is  impeded  or  precluded  when  forest  areas 
arc  reduced  to  isolated  reserves. 

It  is  also  known  that  only  a  liflfited  amount 
of  ajfain  fore^st  region  can  be  converted  to  non- 
forost  before  local  (or  regional)  changes  in  cli- 
mate will  occur,  endangering  the  remaining 
forest  areas.  For  example,  current  estimates 
put  the  percent  of  precipttation  in  the  Amazon 
basin  generated  by  the  forest  (as  opposed  to 
the  ocean)  at  slightlv  over  50  percent.*'*  Al- 
though this  contribution  to  the  precipitation 
will  not  be  eliminated  f  ntirely  by  deforestation, 
it  will  be  reduced,  and  reductions  m  rainfall 
beybnd  a  certain  point  could  initiate  an  irre- 
versible drying  trend. 

In  the  face  ot  our  limited  knowledge,  the 
concept  of  ^'refugia''  provides  one  approach  to 
estimating  the  areas  needeo  to  preserve  trop- 
ical ecosystems  ^ncj  their  species.  During  the 
Pleistocene  glaciations.  the  climate  in  the  equa- 
torial regions  was  generally  dryer  and  unable 
to  support  tropical  rain  forests.  Rain  forests 
did  survive,  however,  \n  relatively  ^all  patches, 
now  termed  refugia/''  It  has  been  found  that 
within  the  Amazon  basin  there  are  areas  oi 
concemration  of  species  not  occurring  else- 
where (centers  of  ndemism).  and  these  areas 
of  concentration  u.  ^  thought  by  many  ecolo- 
gists  to  represent  vestiges  of  Pleistocene  re- 
fugia.  Rcfugia  have  now  been  identified  in  the 
'basin  for  a^ew  families  of  organisms  (primarily 
small  animals,  including  some  insects  and  a  few 
plants). There  is  wide  variation  in  siz^  among 
the^ireas  of  concentration  thai  have  been  meas- 
ured, the  smallest  areas  being  for  the  class  with 
the  most  species  (i.e.,  insects).  And,  of  course, 
the  smaller  the  area  of  concentration,  the  mo(e 
vulnerable  the  species  are  to  extinction  by  rea- 
son of  deforestation  and  loss  of  habitat. 

How  then  should  the  curves  in  Figure  13-  8 
be  drawn?  Assuming  that  the  refugia  concept 
applies  generally  to  all  trooical  forests,  a  con- 
vex curve  (curve  A  or  B)  would  result  if  the 
refugia  turn  out  to  be  relatively  small  and  if 
the  refugia  should  happen  to  be  cleared  first. 
A  linear  curve  (curve  C)  would  result  from 
random  cutting  if  the  refugia  m  ere  no^adjacent 
but  overlapping,  or  were  relatively  small.  (The 
limited  data  now  available  suggest  that  the  rc- 


fugia are  in  fact  relatively  small  for  classes  with 
the  most  numerous  species.*")  A  concave 
curve  (curve  D  or  E)  would  result  if  the  refugia 
^should  turn  out  to  be  small  and  highly  over- 
lapping, and  (a)  if  efforts  are  made  to  identify 
and  preserve  the  refugia,  or  (b)  if  the  refugia 
are  widely  separated  from  one  another. 

While  curve  D  is  used  in  the  following  cal- 
culations,^ it  may  underestimate  the  impacts 
of  the  projected  deforestation.*  Were  it  pos- 
sible— which  it  is  not— to  create  instantly  a 
minimum  system  of  biological  reserves  of  ad- 
equate size  and  ideal  location,  the  impacts  of 
the  projected  deforestation  would  still  be  on 
the  order  of  the  effects  of  the  Pleistocene  gla- 
ciations.*'* Even  so,  such  a  system  would  not 
be  secure  because  of  local  climatic  effects  and 
ever  rising  political  and  economic  pressures.  It 
is  difficult  to  estimate  how  much  of  the  world*s 
tropical  forest  has  been  cleared  and  how  such 
pressures  will  influence  future  cutting,  but  con- 
sidering the  amount  of  forest  known  to  have 
already  been  destroyed,  it  is  too  late  to  achieve 
even  the  minimum  system  of  reserves.  Fur- 
thermore, present  global  conservation  plans  for 
rain  forests  are  limited.  For  example,  the  most 
ambitious  proposal  for  conservation  in  the  Am- 
azon basin  woiild  be  site  paiics  and  reserves  in 
the  areas  where  refugia  are  thought  to  have 
occurred,  but  the  tdtaParea  of  the  parks  and 


*Evcn  the  deforestation  projected  irf  Chapter  8  may  have 
been  underestimated^  Warwick  Kerr  predicts  the  loss  of 
ali  Amazon  forests  (B  Dickson,  "Brazil  Learns  Its  Eco- 
logical Lessons  the  Hard  Way/'  Nature,  vol.  275, 1978,  pp 
684-85),  and  P  W.  Richards  (op  cit.)  predicts  the  loss  of 
ali  untouched  rain  forests  by  the  century's  end.  Very  re- 
cently, however,  some  new  information  has  become  avail- 
able for  the  tropical  forests  of  the  Amazon  basin  According 
to  Urry  Rohter  (op  cit.),  Brazil's  National  Space  Re- 
search Institute  analyzes]  32  photographs  taken  from  a 
Landsat  satellite  and  estimated  in  late  1978  that  as  ruch 
as  one-tenth  of  the  Brazilian  Amazon  forest  bus  been  razed. 
This  IS  an  area  larger  than  the  state  of  Texas  and  probably 
docs  not  include  areas  that  are  nuw  forested  but  are  no 
longer  diverse,  virgin  forest  On  the  matter  of  future  cut- 
ting, the  Brazilian  Government  is  reported  to  be  studying 
the  use  of  "risk  contracts"  for  the  large-scale  logging  in  the 
Amazon  basin.  The  Supenntendency  for  the  Development 
of  the  Amazon  (SUDAM)  has  identified  approximately 
100  milhon  additional  acres  (between  5  and  10  percent  of 
the  total  area  of  the  Amazon  basin)  for  timber  exploitation 


However,  if  present  trends  continue,  sustained  adapted  or  fast-growing  local  trees  will  be  cut  be- 

benefits  from  this  capital  will  never  be  realized.  ^  fote  their  fruits  of  seeds  are  collected.  Predatory 

Unique  local  plants  and  animals  will  be  unknot  -  insects  and  plants  with  herbicidal  or  insecticidal 

ingly  and  carelessly  destroyed.  Particularly  well-  properties  will  be  lost  for  lack  of  observation  ^nd 
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TABLE  13^ 

ExtlocthNis  of  iSpccics  Implied  1^  the  Glotel  2MW  Study's  Projccttoni 


Preieot 
SpecieiP 
(in  thoumnds) 


Projected 
Deforeiutioo* 


Lottof 
Speciei' 


Extinctioni' 


Tropical  forctu 
L«tin  America 
Africa 

S.  and  S£.  Asia 

SubtotaJ 

All  (Kher  ha^  .tats 
Ooeam,  fresh  water,  nontroptrai  foresu« 
iatands,  etc. 

Total 


Low  DEfX>R£STATION  Ca$£* 


300-UOOO 

lSO-500 

300-1,000 

759-2.500 


3,000-10  000* 


50 
20 
60 


33 
13 
43 


10(^333 

129^30 
249-«28 


188-625 
437-1.453 


High  Deforestation  Case* 


Tropical  Forests 
Latin  America 
Africa 

S.  and  S£.  Asia  i 

Subtpul 

All  other  habitats 
Oceans,  fresh  water,  nontropica)  forests, 
islands,  etc. 

Total 


30(^1,000 

150-500 

30O-1.000 

750-2.500 


2,250-7,500 
3,000-10,000 


67 
67 
67 


50 
50 
50 


15O-500 
75-250 
150-500 

375-1.250 


188-625 
563-1,875 


*  T¥i  total  oT  3-10  wiHiOfi  ipccies  (mc  reference  tS)  ert  wMMncd  to  be 
MbMfdfMiiMytf  fattom.  tO  p^ocm  m  (be  vtrfia  fomii  o(  the  Aimkm 
if,  H.  lUvfU.  pmoMl  oMMiMicauoii  to  T  E  Lovcjoy  1974).  S  perceM 
w  AfncM  trapkal  fotdd.  iO  percem  m  eottih  Md  wxSum  Amu  tropicaJ 
taew.  aarf  75  ptfcent  elicwiwrc  (oceam.  fmh  water,  nontropical  fofttis. 
alinir  fl«c )  It  ihovid  be  noted  tliii  the  ri|urc«  tor  (he  percentage  o(  the  - 
«or1d*i  ^.a  M  trofkal  raw  foresu  are  oonnervaiive  Mnny  catimatea  (lec  " 
rinf  an  Myert,  Tht  5inkm$  Ark.  London  Pef|wnon,  fortljpoiiun|.  1979) 
piaoc  30-40  percent  o(  the  total  in  the  moiat  troptci  and  70-H)  percent  tn  the 


tropKi  M  a  whole 

^  Sat  the  fornatry  projMtioM  la  Cha0er  a 

*  Denvad  fimm  cum  C  m  Flfura  13-1 

*  Caknlmcd  ai  the  percent  loia  o(  apeciet  tmtt  ihepreKnt  munber  ofipeocs 
'  The  comWnid  tflacta  o(  Iom  o(  haMut.  pretence  o(  toxic  Mbataj^.  tit 
iTophication.  deacrtificatMn.  Hmplirication  o4  (orciu  m  the  temperatWonca. 
aad  raw.  etc  ipread  over  (We  f  omenta  and  the  two^htrdi  o(  the  planet  i 
wrface  covered  by  (he  leaa-^arc  aawnied  to  lead  to  a  hm  of  onrHweUth  of 
(he  planet 't  btou 


reserves  would 'comprise  only  S  percent  of  the 
tottl  limd  area  of  the  Amazon.  ^  Such  a  system 
would  mimic  the  distribution  of  forests  at  the 
height  of  the  Pleisto^en^^laciations.^' 

What  then  is  a  reasQifiDle  estimate  of  global 
extinctions  by  2000?  Given  the  amount  of  trop- 
ical forest  already  lost  (which  is  important  but 
often  ignored),  the  extinctions  can  be  esti* 
mated  as  shown  in  Table  13-30.  In  the  low 
deforestation  caM,  approximately  IS  percent 
of  the  planet's  species  can  be  expected  to  be 
lost.  In  the  high  deforestation  case,  perhaps  as 
much  u  20  pvcent  will  be  lost.  This  means 


that  of  the  3-10  million  species^  now  present 
on  the  earth,  at  least  500,000-600,000  will  be 
extinguished  during  the  next  two  decades.  The 
largest  number  of  extinctions  can  be  expected 
in  the  insect  order— many  of  them  beneficial 
species—simply  because  there  are  so  very 
many  species  of  insects.  The  next  highest  rum* 
ber  of  extinctions  will  be  among  plants.  While 
the  projected  extinctions  refer  to  all  biota,  they 
are  much  larger  than  the  1,000  bird  and  mam* 
mal  species  now  recognized  as  endangered.^ 
Cleariy  the  extinctions  caused  by  human  activ- 
ities will  rise  to  unprecedented  rates  by  2000. 


study.  Diverse  assemblies  of  gigantic  trees,  their 
undei%tories,  and  their  resident  communities  of 
mammals,  birds,'  and  insect»--natural  wonders 
every  trit  as  unique  and  beautiful  as  the  Grand 


Canyon— will  be  irreparably  lost.  In  short,  the 
projected  lou  of  tropical  forests  represents  a  mas- 
sive expenditure  of  biological  capital,  an  expend- 
iture so  sudden  and  so  large  that  it  will  surely  limit 
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the  future  benefits  that  even  careful^  management 
and  husbanding  can  sustain  from  the  remaining 
bidtic  resources  of  the  earth.  ^ 


Concluskuis 


The  Global  2000  Study's  forestry  projections 
have  serious  implications  for  the  environment.  In 
the  Asian  LDCs,  deforestation  will  cause  exten- 
sive erosion  and  will  destabilize  waterflows,  ad- 
versely affecting  the  agriculture  on  which  a  quarter 
of  the  world's  total  humen  population  depends. 
In  the  tropical  zones  of  Africa  and  Latin  America, 
deforestation  will  lead,  in  many  cases,  to  the  loss 
of  the  nutrients  and  to  redudion  of  the  soil  quality 
essential  for  the  recovery  of  tfie  forests.  Desert 
encroachment  can  be  anticipated  in  parts  of  neariy 
every  continent.  Extinctions  of  species  caused  by 
human  activities  will  explode  to  rates  never  before 
observed,  perhaps  on  the  same  order  as  during 
the  Pieisfocene  glaciations.  ^ 

The  deforestation  will  be  caused  by  a  combi- 
nation  of  population  increase  and  economic  growth. 
Currently  the  primary  cause  is  agricultural  ex- 
pansion.  By  2000,  agriculture  will  have  expanded 
about  as  far  as  it  can,  and  fuelwood  and  forest 
product  demands  will  become  the  primary  causes. 
Populations  needing  firewood,  charcoal,  plots  for 
agriculture,  lands  for  grazing,  and  materials  for 
village  construction  are  projected  to  continue 
their  rapid  growth  over  the  next  two  decades.  In 
the  industrialized  nations,  slower  populationgrowth 
coupled  with  economic  growth  and  high  per  capita 
consumption  of  forest  products  will  also^have  a 
large  impact  on  world  forests  through  increased 
demands  for  wood  and  paper  products.  The  de- 
mand for  commercial  timber  and  paper  in  the  less 
developed  countries,  while  siarting  at  a  low  base, 
is  rising  considerably  faster  than  that  in  the  in- 
dustrialized couMdes,  and  as  a  result  a  rising  num- 
ber  of  LDCs  areficoming  dependent  on  forest- 
product  imports.^ 

Prospects  for  amelioration  of  these  trends  are 
mixed,  at  best.  On  the  one  hand,  there  are  a  large 
number  of  difficulties.  Silvicultural  methods  de- 
veloped primarily  in  the  temperate  zones  are  of 
doubtful  utility  in  the  tropics,  where  most  of  the 
deforestation  will  occur.  Intensive  silviculture 
(tree  plantations),  patterned  after  Grc^r  Revo- 
lution agriculture,  is  a  much-discussed  hope  but 
iti  methods  face  the  same  problems  (including 
energy-intensiveness  and  genetic  vulnerability  of 
tingle-strain  monocultures)  as  Green  Revolution 
agriculture  and  over  much  longer  planting-to-har- 
vest periods.  Experience  with  these  methods  (es- 
pedaUy  in  the  tropics)  is  limited  to  a  few  growth 


cycles^at  most  Investor^  are  cautiouj,  and  major 
worid  plantings  are  not  expected  before  the  1990s 
at  the  earliesfbecause  the  economic  incentive^  do 
not  match  the  risks  involved.  On  the  other  hand, 
the  need  for  small-scale  village  woodlots  is  now 
recognized  by  international  aid  agencies  and  by 
many  national  governments,  and  many  programs 
of  this. sort  are  now  planned  or  underway.*  * 
The  tragedy  of  forests  is  that,  like  it    com-  . 
mons,^  they  are  another  example  of  a  common 
resource  subject  to  misuse— but  on  a  global  scale. 
While  forest  lands  are  owned  by  individuals  (or 
governments),  fbrtsts  provide  community,  na- 
tional, ^nd  international  benefits  that  go  well  be- 
yond the  benefits  usually  considered  in  forest 
management  decisions.  Moderation  of  tempera- 
tures, stabilization  of  waterflows,  protection  of 
soils,  and  provision  of  habitats  for  a  ^wealth  of 
unexamined  biotic  resources  are  some  of  the  ben- 
efits of  forests  that-  accrue  to  society  as  a  whole 
and  do  not  enter  into  the  normal  calculus  of  for- 
estry economics. 

The  difficulty-^me  would  say,  the  impossi- 
bility—of managing  common  .rsources  is  well 
known.  Garrett  Hardin  has  written  about  the  spe- 
cific problem  of  managing  and  protecting  com- 
mons-type biological  resources.^  He  concludes 
that  biotic  resources  cannot  be  preserved  under 
commons  management,  and  that  socialism  or  pri- 
vate enterprise  are  the  only  workable  alternatives, 
both  of  which  have  limitations.  The  socialism  ap- 
proach suffers  from  the  problem  of  quis  cUstodiet 
ipsos  custodes?  (who  will  watch  the  watchman 
himself?).  The  private  enterprise  approach ,«Har-  i 
din  argues,  has  a  serious  weakness  in  the  way  it 
deals  with  time,  the  question  being:  Can  conser- 
vation be  aq^mnlished  over  time  solely  as  a  result 
of  economic  self-interest? 
•  Aldo  Leopold,  a  wise  and  insightful  observer 
of  biotic  resources  and  economic  systems,  consid- 
ered this  question  and  concluded: 

A  system  of  conservation  based  solely  on  eco- 
nomic self-interest  is  hopelessly  lopsided.  It  tends 
to  ignore,  and  thus  eventually  to  eliminate,  many 
elements  in  the  Und  community  that  lack  com-  ' 
meraal  value,  but  that  are  (as  far  as  we  know) 
essential  to  its  healthy  functioning.  It  assumes, 
falsely,  I  think,  that  the  economic  parts  of  the 
biotic  clock  will  function  without  the  uneconomic 
parts.  ^ 

More  recently,  economic  analysis  has  provided 
furtlfer  support  for  Leopold^  conclusion.^  A 
common  af^roach  to  management  decisions  un- 
der private  enterprise  is  to  caliAilate  the  present 
value  of  the  future  stream  of  benefits  to  be  ob- 
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Uined  from  alternative  management  strategies. 
Other  things  being  equal  .  management  strategies 
that  maximize  the  present  value  of  discounted  fu- 
ture benefits  are  generally  preferred. 

What  benefits  are  to  be  conddered,  and  at  what 
discount  rate?  Forest  benefits  to  the  entire  wa- 
tershed (e.g.,  water  stabilization,  erosion  control, 
temperature  moderation,  spedes  protection,  rec- 
reation) are  often  not  included  in  the  calculations 
because  they  are  ''extemar*  benefits,  i.e.,  bene- 
fits not  accruing  to  the  self-interest  of  the  forest 
landowner.  Discount  rates  are  auo  im^rtant  be- 
cause conservation  by  its  verw  natuSx)ncems 
itself  wiith  future  values.  A/^ HardgBxplains, 
"The  higher  the  interest  rate  on  monejiihe  more 
difficult  it  is  to  Conserve  for  the  future.  Or  as 
eoHiomists  put  it:  the  higher  the  interest  rate,  the 
more  heavily  the  ptirely  rational  man  must  dis- 
count the  future.  .  .  .  Compound  discounting, 
which  increases  as  interest  rates  increase,  dimin- 
ishes  and  in  the  long  pull  virtually  destroys  [future 
valuesj.'*^"  And  the  Global  2000  Study's  projec- 
tions suggest  that  interest  rates  will  remain  high. 
Virtually  every  one  of  the  projections  is  based  on 
the  assumption  that  large  amounts  of  capital  in- 
vestment will  be.  made  in  the  sector;  these  in- 
vestments of  scarce  capital  can  be  expected  to 
keep  interest  rates  quite  high. 

Scott  Overton  and  Larry  Hunt  of  the  University 
of  Oregon  have  exarnined  the  implications  of  the 
present- value  approach  to  forest  management. 


Their  particular  concern  was  whether  this  ap- 
proach to  management  and  conservation  would 
keep  the  forest  system  in  equilibrium  at  an  opti- 
mal, sustainable  yielcl.  They  concluded  that  the 
conventional  economic  analysis  (ignoring  the  ex- 
ternal costs  and  benefits  of  forests  to  the  wider 
society)  ''must  lead 'to  a  pattern  of  high  cuts  now 
and  lower  cuts  later  .\  .  to  shorter  and  shorter 
rotations  to  the  point  of  depletion  of  the  resource, 
aad  to  the  conversion  of  forest  lands  to  other  uses 
until  the  relative  price  of  forest  products  rises  suf- 
ficiently high  that  the  economic  system  is  in  equi- 
librium.^ 

It  seems  likely,  therefore,  that  without  basic 
changes  in  forest  policy  throughout  much  of  the 
world,  the  environment^  consequences  of  the 
Global  2000  Sfudy's  forestry  projections  are  vir- 
tually inevitable.  Even  the  bases  for  such  policy 
changes  are  unclear.  It  is  not  at  all  obvious  what 
should  be  done  in  each  geographic  area,  and  tech- 
nology is  certainly  not  the  whole  answer.^  In 
general,  localized  approaches  and  solutions  will 
probably  be  needed,  but  until  all  of  the  societal 
benefits  of  forests  arp  taken  into  consideration  in 
making  forest  policy  and  management  decisions, 
societies  around  the  world  can  expect  that  the 
forest-related  environmental  benefits  that  are 
taken  for  granted  today  will  continue  to  slip  away 
and  .will  sadly  reduced  in  number  and  quality 
by  the  end  of  the^century. 


4 

The  Water  Projections  and  the  Environment 

The  Projections 

The  Study's  water  resource  projections,  developed  by  the  Department  of  the 
Interior  and  the  Central  Intelligence  Agency,  assume  that  water  supply  is 
constant  and  that  demand  increases  with  growth  in  population,  expansion  of 
irrigated  agriculture,  and  increased  industrial  activity.  The  projections  stress 
the  severe  limitations  associated  with  supply-demand  balance.  But  since  re- 
gional or  local  quantitative  data  are  lacking,  global  aggregates  are  presented 
(see  Table  13-31). 

The  present  global  supply  of  fresh  water  (i.e.,  total  runpff)  is  large  relative 
to  demand,  at  least  in  theory.  Supply  is  now  atx)ut  13  times^^^and  but  by 
the  year  2000  is  projected  to  be  3.S  times  demand.  This  projection  dramatizes 
the  rapidity  with  which  human  demand  is  catching  up  with  the  world's  the- 
oretical availability  of  fresh  water.  However,  even  these  figures  are  misleading 
because  of  the  extreme  seasonal  and  geographic  uneveness  in  the  distribution 
of  water  resources.  Even  now  local  and  regional  deficits  occur  on  a  seasonal 
and,  increasingly,  perennial  basis. 

Given  present  data  limitations,  the  prospects  for  water  in  2000  can  be 
assessed  only  qualitatively.  Based  on  examples  from  many  areas,  the  pro- 
jections anticipate  serious  water  shortages  in  many  nations  or  regions.  Water 
development  projects  will  be  pursued,  but  severe  shortfalls  are  expected  in 
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SrSe^mnl  A? .  ^f  *l^t'"«  P-rt'^^-'^ly  susceptible  to  water  shortage 
h        r  La«*"  America,  and 

iL^-  ^    T  competing  water-demanding  economic  sectors 

ITJST'^T'"?  river  systems  are  antici^ted 

h^lU?      ,  *"PP"«*  from,  streams  and  riveiTmay 

bewme  less  reliable  m  regions  where  deforestation  is  stripping  watenhSds 
bare.  The  projected  decrease  in  the  worMVforests  from  20  wrcent  to  ifi 
per^nt  of  the  land  surface  by  2000  will  take  place  lazgi  ^Tn  the  LD?;  wSere 
needs  for  water  already  exceed  supplies  in  »me  reirions. 
The  water  projections  assume  no  climatic  change.  However,  in  the  event 

I7ilhiuf!    A  -  ^  °"  'he  other  hand,  might  reduce 

SZiulSh,  r""*  ''"^''"y-  'he  central  United  StatS 

aroughts  might  become  more  common. 
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Introduction 

It  is  not  possible  to  analyze  the  environmental 
implications  of  the  water  projections  with  preci- 
•KMi  because  environmental  impacts  tend  to  apply 
to  specific  river  basins  or  other  hydrological  i»nits, 
•nd  the  water  projections  summarized  in  Table 
13-31  could  not  achieve  that  level  of  detail.  None- 
theless, five  environmental  topics  related^to  the 
projections  of  water  supply  and  to  the  conse- 
quences of  water  development  and  use  are  ex- 
plored: 

•  Environmental  developments  affecting  watei 
supply  (deteriorating  catchments  in  river  basins, 
|iad  rain,  climatic  change); 

•  Impacts  of  hydraulic  works; 

•  Water  pollution  (of  urban  and  industrial  origin 
•nd  of  agricultural  origin); 

•  Water-related  diseases;  and 

•  Extinction  of  freshwater  species. 

This  range  of  tc^ics  reflects  the  multiplicity  of 
characteristics,  uses,  and  values  of  the  water  re- 
source: Water  is  essential  to  human  health  and 
well*being;  water  is  habitat  for  a  diversity  of 
aquatic  life;  water  is  a  major  comaonent  (and 
deteiininant)  of  the  environment.  IWshort,  water 
i$  unique  among  resources  in  the  diversity  of  its 
.  characteristics,  uses,  and  values.  \ 

Eavironmental  Devdopments  Affecting 
Water  Supply 

Worldwide,  two  environmental  developments 
aie  likely  to  have  an  impact  on  water  supply  by 
2000:  catdiment  and  river  basin  deterioration  and 
regkmal  or  global  changes  in  climate.  The  trends 
in  catchment  and  river  basin  deterioration  are 
deaiiy  dboemiNe  and  accelelating.  Climatic  trends 
are  leas  dear  but  just  as  important.  Deteriorating 


catchment  and  river  basin  conditions  will  ad- 
versely affect  water  supplies  by  increasing  varia- 
bility. Gimatic  change  could  further  increase 
variability. 

Deterioratioii  of  CatchiiienU  and  River  Basins 

From  the  standpoint  of  both  water  supply  and 
water  quality,  the  condition  of  a  catchment  or 
river  basin  is  determined  largely  by  the  flora  on 
the  upper  portions  of  the  basin.  The  high,  often 
steep  portions  of  the  basin  usually  receive  a  large 
proportion  of  the  rainfall,  and  the  flora  on  these 
slopes  are  critically  important  in  determining  the 
quality  and  flows  of  water  throughout  the  basin. 

'A  continuous  mantle  of  vegetatioii  in  the  upper 
portions/of  a  basin  has  many  benefits.  The  veg- 
etation breaks  the  fall  of  the  raindrops,  absorbing 
the  kineric  energy  before  it  can  dislodge  soil  par- . 
tides,  rhe  vegetation  also  slows  the  runoff  and  \ 
enhances  the  absorptive  properties  of  the  soilfp 
Where  vegetation  is  present  over  the  upper  pot- 

TABLE  13^1 
Projected  Global  Supply  and  Demfnd  for  Water 


by  the  Year  2000 

Cubic  kilomettrs  per  yhir 

Projected  Demand 

With- 

Con- 

drawn 

sumed* 

Supply* 

Inigttion 

'  7.000 

4.g00 

Domcslk 

600 

100 

IndttttriAl 

J.700 

170 

Waste  dilution 

9,000 

Other  ' 

400 

400 

Total 

18.700 

5.470 

37,700 

Souftt  The  work  otO  P  KaNim.  tt  prctemcd  in  OMptcr  V 
'  N«  rcmrMd  to  ttrtmrn  or  rtvert 
^  Tiken  to  tz  the  mcaii  anniut  ditch«rfc  oi  t' 
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tions  of  a  river  basin,  the  basin's  water  i$generally 
relatively  well  regulated  and  clean. 

In  thf  absence  of  vegetative  cov^r,  ra-n  flows 
off  a  basin's  steep  upper  slopes  as  it  would  off  a 
tin  roof.  The  full  kinetic  energy  of  the  raindrops 
is  avaUable  to  dislodge  soil  pailicles.  A  relatively 
unobstniCied  surface  accelerraes  the  runoff,  pro- 
ducing greater  flood  peaks  downstream.*  The 
kinetic  energy  of  the  enhanced  floods  te^rs  away 
riverbanks,  broadens  channels,  and  damages  or 
destroys  canals,  bridges,  and  other,  hydrdlogical 
developments.  Cankls  and  dams  are  rapidly  filled 
with  sediments  eroded  from  upstream,  and  top- 
soils  are  carried  far  downstream  to  be  deposited 
ultimately  in  estuaries  and  oceans,  often  adversely 
aftecting  biological  productivity.  Aquifers  are  not 
recharged,  and  in  the  dry  season  flows  are  low. 
As  a  resuh,  the  removal  of  vegetation — especially 
forests— from  the  upper  portions  of  river  basins 
and  catchments  increases  erosion,  reduces  water 
quality,  damages  hydrologic  developments,  anO 
reduces  the  water  available  during  the  dryer  sea- 
son.^ On  very  steep  (therefore  unstable)  slopes, 
removal  of  vegetation  can  trigger  landslides  and 
flews  of  debris.  In  the  Cape  Verde  Islands,  nar- 
row, irrigated  valleys  have  been  buried  meters 
dee^  by,  soil  and  debris  swept  down  from  denuded 
side  sfopes  by  intense  rains.  ^ 

Deforestation,  burning,  overgrazing,  and  some 
cultiviption  practices  all  have  potential  for  ad- 
versely affecting  river  basins  and  catchments.  The 
Global  2000  forestry  and  agriculture  projections 
both  suggest  that  by  2000  such  practices  will  have 
extended  much  further  into  the  upper  portions  of 
river  basins  and  catchments  (see  Chapters  6  and 
8  and  Appendix  C). 

Deforestatiqp  is  one  of  the  most  serious  causes 
of  deterioration  of  catchments.  In  steep,  high- 
rainfall  zones  such  as  the  midslopes  of  the  Andean 
and  Himalayan  mountains,  forests  are  inc^ispen- 
sable  for  protecting  catchments  and  controlling 
runoff.  Removal  of  trees,  however,'  does  net  in- 
variably jeopardize  water  supplies.  In  regions 
with  moderate  relief  and  low  rainfall,  removal  of 


*Th€  development  of  large  urban  areas  can  produce  similar 
effects.  Roofs,  streets,  and  other  impervious  surfaces  ^th 
increase  ttie  volurhe  and  shorten  the  duration  of  runoff,  leading 
to  flash  floods  and  serious  erosion  downstream  In  Arlington. 
Virginia,  for  example,  the  county's  Environmental  Improve- 
ment Commission  has  estimated  that  50  percent  of  the  land 
area  in  this  suburban  community  as  oi  1972  had  been  covered 
over  or  in  some  way  made  impervious,  and  as  a  result  damaging 
flash  flood*  now  occur  m  what  were  formerly  small  streams 
{ArUnglOH^s  Environmental  Quahty—1972,  County  Planning 
Office,  Arhngton,  Va  .  1972)  Since  1972  much  more  of  the 
oouafy  har  been  made  impervious,  and  an  additional  large 
hifhway  Is  now  under  construction. 


forests. and  the  substitution  of  other  soil-binding 
vegetation  that  consumes  less  water  (such  as 
grasses)  can  improve  lower-basin  water  supplies 
by  increasing  runoff— at  the  cost  ct  tree  growth. 
Scientifically  controlled  cutting  of  catchment  veg- 
etation has  been  employed  in  the  United  States 
and  some  other  countries  to  increase  runoff,  or 
water  yield,  in  dry  regions.  ^  To  be  successful  this 
practice  requires  strong,  enlightened  institutional 
programs  for  careful  land  and  water  management 
over  much  of  the  affected  basin.  In  most  of  the 
worid  there  is  as  yet  no  such  institutional  capa- 
bility, and  af  a  result,  the  projected  deforestation 
will  in  virtually  all  cases  lead  to  adverse  water 
impacts. 

Burning,  overgrazing,  and  cultivation  practices 
that  expose  the  soil  for  long  periods  can  be  ex- 
pected to  increase  in  many  areas  over  'he  next 
two  decades,  contributing  further  to  catchment 
deterioration.  These  practices  intensify  the  ex- 
tremes of  flooding  and  aridity  by  reducing  soil 
porosity  and  .water  storage  capacity,  by  reducing 
organic  matter,  and  by  increasing  compaction.  In 
soils  thit  are  overgrazed,  frequently  burned,  or 
continuously  cultivated,  organic  matter  (largely 
mulch  from  vegetative  debris)  can  become  suffi- 
ciently depleted  to  cause  soil  drought  Without 
the  absorbent  properties  of  these  organic  mate- 
rials, soils  are  less  able  to  retain  moisture,  and 
shifts  in  vegetation  occur.  The  vegetation  able  to 
survive  in  such  soils  is  typical  of  climates  that  are 
more  arid  than  actual  rainfall  indicates.  The  in- 
tensification of  soil  drought  isr  already  in  evidence 
in  the  African  Sahel  and  other  semiarid  regions,^ 
and  much  further  deterioration  of  the  water  re- 
taining properties  of  soils  can  be  anticipated  on 
the  basis  of  the  population  and  food  projections. , 

Add  Rain 

Acid  rain  is  an  environmental  problem  closely 
related  to  energy  development.  It  deserves  special 
note  here  because  of  its  effects  not  only  on  water 
bodies  over  much  of  the  world  but  dlso  on  many 
other  parts  of  the  biosphere. 

While  the  Global  2000  energy  projections  are 
not  specific  enough  to  permit  a  detailed  analysis 
of  the  future  prospects  for  the  acid  rain  problem, 
a  few  points  can  be  made.  First,  increases  in  coal 
combustion  in  the  magnitudes  projected  (13  per- 
^^nt  by  1990)  will  significaj^ly  increase  the  pro- 
duction of  the  two  primary  causes  of  acid  rain — 
sulfur  oxides  (SO,)  and  oxides  of  nitrogen  (NO,). 
The  58  percent  increase  in  oil  combustion  pro- 
jected to  occur  by  1990  will  ilso  increase  both  SO^ 
and  NO,  emissions;  the  43  percent  increase  pro- 
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jcctcd  in  natural  gas  combustion  will  also  increase 
NO,  emissions.  Technologies  are  available  to  re- 
move sulfur  oxiJes,  but  their  removal  is  expensive 
.  and  probably  will  not_be  required  uniformly 
throughout  the  world.  There  is  no  practical  tech- 
nology for  the  removal  of  oxides  of  nitrogen  from 
stack  gases;  the  only  control  now  available  m- 
volves  reduced  combustion  temperatures,  v  hich 
limit  efficiencies.  The  water-ifuality  consequences 
of  increased  emissions,  especially  increases  of 
NO,  emissions,  need  to  be  considered  carefully. 

The  immediate  consequence  of  both  SO,  and 
NO,  emissions  is  the  acidification  of  precipitation. 
Th^se  gaseous  compoun(Js  react  in  the  atmos- 
phere to  form  sulfuric  acid  and  nitric  acid,  which, 
in  turn,  precipitate  out  of  the  atmosphere  in  both 
rain  and  snow.  The  acidified  precipitation^  falls 
anywhere  from  a  few  hundred  to  a  few  thousand 
miles  away  from  the  source,  depending  on  the 
strength  of  the  prevailing  winds.  ^  As  a  result, 
the  pH  of  rainfall  is  known  to  have  fallen  from 
a  normal  value  of  5.7  to  4.5-4.2  (high  acidic  val- 
ues) over  large  areas  qf  southern  Sweden,  south- 
ern Norway,  and  the  eastern  U.S.^  In  the  most 
extreme  case  yet  recordcc^  a  storm  in  Scotland 
in  1974,  the  rain  was  the  acidic  equivalent  of  vin- 
egar (pH  2.4).^  Equivalent  changes  have  almost 
certainly  occurred  elsewhere,  for  example,  down- 
wind of  the  German,  Eastern  European,  and  So- 
viet industrial  regions.  Effects  of  acid  rain  are  only 
beginning  to  be  understood  but  have  now  been 
observed  in  lakes,  rivers,  and  forests,  in  agricul- 
tural crops,  in  nitrogen-fixing  bacteria,  and  in 
soils. 

The  clearest  ill  effects  of  acid  rainfall  observed 
to  date  are  on  lake  fisheries  A  survey  of  over 
1,500  lakes  in  southwestern  Norway,  which  has 
kcid  rainfall  problems  similar  to  those  of  southern 
Sweden,  showed  that  over  70  percent  of  the  lakes 
with  a  pH  beloW4.3  contained  no  fish.  This  w^s 
true  for  less  than  10  percent  of  the  lakes  in  the 
normal  pH  range  of  5.5-6.0.^  Similar  effects 
have  been  found  in  lakes  in  the  Adirondack 
mountains  of  New  York*'  and  in  some  areas  of 
Canada.^  Acid  rain  appears  to  be  the  cause  of 
both  the  low  pH  and  the  extinction  of  the  fish 
(see  also  the  discussion  of  fresh  water  extinctions 
in  the  fisheries  section  of  this  chapter).  Within  the 
last  20  years  salmon  disappeared  from  many  Nor- 
wegian rivers,  and  trout  soon  followed.  Measure- 
ment in  such  rivers  almost  always  shows  a  decline 
in  pH,  usually  attributable  to  acid  rain.  Similar 
occurrcnccs»have  been  observed  in  Sweden.*" 

Effects  of  acid  rain  on  forest  growth  are  only 
beginning  to  be  understood.  The  effects  on  tree- 
seed  germination  are  mixed.  ^  Reductions  in  nat- 
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ural  forest  growth  have  been  observed  in  both 
New  England  and  Sweden. One  study  tenta- 
tively attributed  a  4  percent  decline  in  annual  for- 
est growth  in  southern  Sweden  to  acid  rain.^ 
Other  observers  feel  that*a  decline  in  Scandina- 
vian forest  growth  has  not  been  conclusively  dem- 
onstrated but  suspect  that  the  even  more  acidic 
rainfall  expected  in  the  future  will  cause,  slower 
growth.^  «  • 

.  The  effects  of  acid  precipitation  on  leafy  veg- 
etation have  been  studied  in  the  United  States  in 
the  states  of  Maryland  and  West  Virginia.  While 
no  major  damage  has  yet  occurred,  one  study  con- 
cludes that  current  levels  of  acidity  in  rainfall  pres- 
ent little  margin  of  safety  for  fbliar  injury  to 
susceptible  plant  species,  but  with  the  increasing 
emissions  of  pollutants  that  contribute  to  the  for- 
mation of  acid  rain,  there  is  substantial  risk  of 
surpas!»ing  the  tHreshhold  fpr  foliar  effects  in  the 
future. 

Little  research  has  been  undertaken  on  the  ef- 
fects ot  acid  rain  on  large  natural  ecosystems,  but 
one  interesting  study  has  now  been  done  for  the 
boundary-waters  canoe  area  and  the  Voyageurs 
Nitiott^l  Park  (BWAS-VNP)  wilderness  areas  in 
the^orth  central  United  States.  The  findings  are 
as  follows: 

Acid  precipitation,  by  causing  increased  acidity 
in  lakes,  streams,  pools  and  puddles,  can  cause 
slight  to  severe  alteration  in  communities  of 
aquatjc  organisms.  .  .  .  Bacterial  decomposition 
is  reduced  ^nd  fungi  dominate  saprotrophic  com- 
munities. Organic  debris  accumulates  rapidly. 
Nutrient  salts  are  taken  up  by  plants  tolerant  of 
low  pH  (mossfes,  filamentous  algae)  and  by  fungi. 
Thick  n»ats  of  these  organisms  iand  organic  debris 
may  de>elop  which  inhibit  sediment-to-water  nu- 
trient and  mineral  exchange,  and  choke  out  other 
aquatic  plants.  Phytoplankton  species  diversity, 
biomass  and  production  are  reduced.  Zopplank- 
lon  and  benthic  invertebrate  species  diversity  and 
biomass  are  reduced.  Ultimately  the  remaining 
benthic  fauna  consists  of  tubificids  and  Chirono- 
mus  (mid^e)  larvae  in  the  sediments.  Some  tol- 
erant species  of  stone  flies  and  mayflies  persist,  as 
does  the  alderfly.  Air  breathing  insects  (water 
boatman,  backswimmer,  water  strider)  may  be- 
come abiundant.  Fish  populations  are  reduced  or 
eliminated,  with  some  of  the  most  sought  after 
species  (brook  trout,  walleye,  smallmouth  bass) 
being  thf  most  sensitive  and  therefore  among  the 
first  to  be  affected.  Toxicity  or  elevated  tissue' 
concentrations  of  metals  may  result  either  from 
direct  deposition  or  increa^d  mobilization  or 
both.  Amphibian  species  may  be  eliminated.  And 
finally,  populations  or  activities  oi  higher  terres- 
trial vert-;brates.thal  utilize  aquatic  organisms  for 
food  or  recreation  are  likely  to  be  altered. 
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The  study  concludes  that  "as  more  lakes  are 
eventually  impacted,  the  whrle  philosophy  be- 
hind the  wilderness  experience  that  forms  the  ba- 
sis of  the  establishment  of  the  BWCA-VNP  will 
be  violated  and  the  part  of  the  BWCA  which  pro- 
,vide$  recreation  will  be  reduced.  Few  people  who 
utilize  the  BWCA-VNP  could  be  expected  to  en- 
joy the  areas  made  fishless  by  pollution  from  hu- 
man activity." 

The  effects  of  acid  rain  on  nonforest  agricultural 
crops  are  under  study  and  are  beginning  to  be 
reported.  Shoot  and  root  growth  of  kidney  bean 
and  soybean  plants  have  been  found  to  be  mark- 
edly reduced  as  a  result  of  simulated  acid  rain  of 
pH  3. 2.***  Similarly,  nodulationbyjnitrogen-fixing 
bacteria  on  legumes  is  significantly  reduced  by 
simulated  add  rain.^'*  The  growth  of  radish  roots 
has  been  observed  to  decline  by  about  50  percent 
as  the  pH  of  rain  fall$  f^om  5.7  to  3.0.*" 

The  sensitivity  of  soils  to  acidification  by  acid 
rain  varies  widely  from  area  to  area,  depending 
largely  on  the  amount  of  calcium  in  the  sotl.*'^ 
Calcium  buffers  the  soil  against  acidification,  but 
•is  leached  out  by  acid  rain;  this  leaching  of  calcium 
and  soil  r|utrients  has  been  found  to  increase  with 
decreasing  pH,  and  the  pH  of  soils  has  been  ob- 
served to  'decline  more  rapidly  with  more  acidic 
rains.'"  The  acidic  soils  that  can  result  from  acid 
pain  could  be  exacted  to  significantly  reduce  crop 
production  in  the  aff^ed  areas  unless  large 
amounts  of  lime  were  appllfedw^ 

In  addition  to  damaging  biot^^d  soils,  acid 
rain  damages  materials  extensively  over  wide 
areas.'^*  Even  stone  is  being  severely  damaged. 
A  dramatic  example  of  the  effects  of  acid  rain  and 
air  pollution  on  stone  is  provided  by  the  Egyptian 
obelisk  moved  from  Egypt  to  New  York  in  the 
1890s  (Fig.  13-9).  While  the  inscription  on  the 
east  face  of  the  monument  is  still  legible,  the  in- 
scription on  the  west  face  has  been  destroyed  by 
chemicals  in  the  city's  air,  driven  by  New  York's 
prevailing  westerly  winds. 

The  13  percent  increase  in  coal  comoustion  oy 
1990  implies  that  large  areas  in  and  near  industrial 
areas  will  continue  to  receive  highly  acidic  rain- 
fall. The  rainfall  in  these  areas  is  likely  to  become 
increasingly  acidic  as  SO,  and  NO,  emissions  in- 
crease. The  areas  affected  are  likely  to  extend 
hundreds  to  thousands  of  miles  downwind  from 
the  sources,  a  total  geographic  area  large  enough 
to  include  many  lakes,  watersheds  and  farmlands. 
The  combined  adverse  effects  in  these  areas  on 
water  quality  (and  indirectly  on  soil  quality  and 
jplant  growth)  are  likely  to  become  increasingly 
severe. 


Climattc  Change 

Water  supplies  and  agriculture'can  be  severely 
affected  by  climatic  changes  that  are  well  within 
the  range  of  historic  experience.  Changes  in 
global  temperatures  could  lead  to  either  an  in- 
crease or  decrease  in  both  the  amount  and  van- 
ability  of  rainfall.  The  climate  projections  thCi  ure 
have  definite  significance  for  water  availability  in  . 
the  future. 

The  Global  2000  Study's  climate  projections 
provide  little  guidance,  however,  because  of  dis- 
agreement among  climatologists  on  future  trends. 
As  discussed  in  Chapter  4  and  in  the  Climate  sec- 
tion of  this  chapter,  the  experts  are  more  or  less 
evenly  divided  over  the  prospects  for  warming  or 
cooling,  and  most  felt  that  the  highest  probability 
is  for  po  change.''^  Faced  with  this  uncertainty, 
the  Global  2000  Study  devised  three  climatic  scen- 
arios of  rou^ly  equal  probability.  There  is  con- 
siderable uncertainty  as  to  the  pattern  of  rainfall 
to  be  associated  with  these  climate  scenarios,  but 
ii  is  thought  by  many  dimatologists  that  global 
warming  would  lead  to  slight  increases  in  precip- 
itation in  many  areas  and  less  year  to  year  vari- 
ation. (The  central  U.S.,  however,  might 
0  experience  more  frequent  drought.)  A  cooling 
trend  is  thought  by  many  to  be  associated  with 
less  precipitation  and  increased  year-to-year  var- 
iation. 

In  siiort,  there  is  much  uncertainty  about  future 
global  climate  because  of  the  present  lack  of 
agreement  on  causes,  effects,  and  trends.  Uncer- 
tainty over  climate — and  therefore  also  over  water 
supplies  and  agricultural  harvests— -can  be  ex- 
pected to  lead  to  projects  for  the  storage  and  reg- 
ulation of  water  and  to  the  development  of  food 
reserves  in  anticipation  of  unfavorable  years. 

Even  if  it  were  absolutely  certain  that  the  var- 
iability and  amount  of  water  supply  would  not 
deteriorate  in  the  years  ahead,  there  would  still 
be  reason  to  anticipate  further  projects  to  increase 
the  storage  and  regulation  of  water  and  to  develop 
food  reserves.  Population  growth,  urbanization, 
and  the  extension  of  both  agriculture  and  forestry 
into  more  arid  and  variablCt/egions  has  made  the 
social  and  economic  impacts  of  variability  of  water 
supplies  greater  than  in  the  past.  In  the  year^ 
ahead  the  impacts  of  even  present  variability  can 
only  become  greater.  As  nations  attempt  to  bring 
more  marginal  lands  into  production,  fluctuations 
in  water  supply  will  quickly  translate  into  social 
and  economic  vulnerability.  Therefore,  even  in 
the  absence  of  any  climatic  deterioration,  incen- 
tives will  be  present  to  maintain  food-grain  re- 
serves, accelerate  water  conservation  efforts, 
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SSTt-^^r  ^  ^•^*'/!"  pollotioiv-"afopatra-«  Needle."  sent  from  Egypt  to 

New  York  City  .n  the  1890s.  The  nj^pt.on  on.the  east  face  (Ifft)  is  still  legible,  the  inscription  on  the 
west  face  has  been  erased  |^y  chemicals  in  the  city's  a.r.  driven  by  ihe'preva.lin^Srly  Zl 
Ninety  yean  .n  New  York  has  dtfne  more  damage  to  the  ston«;  than  3.500  yean  m  Egypt  (U  N  pkoZ) 


modify  macro-  and  microclimatj^s,  and  develop 
hydraulic  works  to  reduce  the  ri^  and  uncertaifity 
in  water  availability.  What  will  be  the  environ- 
mental consequences  bf  these  efforts? 

Impacts  of  Hydraulic  Works 

Both  the  prospect  of  tjestablizing  deforestation 
in  the^ upper  portions  of  river  basins  and  the  cer- 
tainty of  continued  (possibly  even  increased)  cli- 
matic variabiMty  will  encourage  the  development 
of  hydraulic  works  jEor  flow  regulation,  electrical 
generation,  irrigatton,  and  flood  control.  The 
Global  2000  Study/s  water  projections  assume  in- 
creased withdra\yals  of  water  for  all  uses,  but 
make  no  projections  as  to  how  additional  water 
supplies  will  be  developed  or  where  supplies 
might  fall  short  of  future  need.  To  meet  the  pro- 
jected withdrawals  a  considerable  expansion  of 
engineering  works  for  water  regulation  and  dis^ 


tribution  wiJI  be  required,  especially  in  regions 
with  highly  vari^Hle  rainfall.  By  one  estimate, 
12,000  cubic  kilometers  of  runoff  will  be  con- 
trolled in  the  year  2000  by  dams  and  reservoirs— 
30  percent  of  the  total  world  runoff  and  three 
times  the  estimated  4,000  cubic  kilometers  now 
stored  in  the  world's  reservoirs.^" 

In  the  LDCs;  where  most  of  the  world's  un- 
tapped hydropower  potential  is  located,  river 
basin  development  schemes  that  integrate  flood 
control,  power  production,  and  irrigation  will  be 
implemented  for  a  number  of  reasons: 

•  The  indispensable  role  of  irrigation  in  increasing 
food  production; 

•  The  limited  amounts  of  naturally  fertile,  well- 
^rained,  well-watered  soils  remaining  to  be 
brought  into  production; 

•  The  need  to  control  the  floods  of  large  rivers 
(e.g.  Yellow  River,  Lower  Mekong  River) 
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where  floods  have  been  more  or  less  tolerated 
in  the  past; 'and 

•  The  need  for  electricity  in  economic  develop- 
ment. 

The  environmental  impacts  of  large  river.basia 
'  development  schemes  can  be  great.  In  the  case 
of  large  dams,  the  impacts  include: 

•  The  inundation  of>farmland,  settlements,  roads, 
railroads,  forests,  historic  and  archoological 
sites,  and  mineral  deposit^; 

•  The  creation  of  artificial  lakes,  which  often  be- 
come habitats  for  disease,  vectors  such  as  the 
mo^uitoes  that  transmit /nalaria  and  the  snails 
which  transmit  schistosomiasis;  ^ 

•  The  alteration  o^  river  regimes  downstream  of 
dams,  ending  the  biologicallvvsignificant  annual 
flood  cycle,  increasing  water  leqipecature,  and*-* 
sometimes  triggering  riverbank  erosion  as  a  re- 
suit  of  an  increased  sedunent-carryiog  capacity 
of  the  water; 

•  The  irtterruption  of  upstream  spawning  migra- 
tions of  fish;  >and 

•  Water  quality  deterioration. 

*  Irrigation  sy&tems  have  ihefr  own  environmental 
problems: 

•  Danger  of  soil  salinization  and  waterlogging  in 
perennially  irrigated  areas; 

•  Water  weeds,  mosquitos.  and  snail  infestation 
of  drainage  canals,  with  the  danger  of  malarial 

'^•v- '  and  schislosomiasisUc  infections  spreading  m 
areas  where  these  diseases  exist,  especially  in 
parts  of  Africa  and  Latin  America;  and 

•  Pollution  of  irrigation  return  water  by  a  variety  . 
of  agricultural  chemicals,  with  negative  conse- 
quences for  aquatic  life  and  for  the  human  use 
of  downstream  waters. 

While  the  benefits  of  dams  and  irrigation  de- 
velopment may  outweigh  the  costs,  environmen- 
tal impacts  have  a  definite  hearing  on  the  benefit/ 
cost  ratios  of  river  basin  development  schemes. 
Plans  for  the  development  of  the  Lower  Mekong 
River  Basin  illustrate  this  point. 

A  series  of  engineering,  economic,  social,  and 
environmental  studies  of  the  Lower  Mekong 
Basin  has  be.en  carried  out  under  the  aegis  of  the 
United  Nations  Committee  for  Coordination  of 
Investigations.  The  development  plan  that  hb 
emerged  from  these  studies  calls  for  the  construc- 
tion over  a  20-year  period  of  a  series  of  multi- 
purpose dams  and  associated  irrigation  works  for 
the^  basin,  which  is  shared  by  Thailand,  L^os, 
Cambodia  and  Vietnam.'"  In  1974  the  portion  of 
the  basin  downstream  from  the  People's  Republic 
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of  China  supported  about  33  million  persons. 
Assuming  the  adoption  of  birth  control  methods 
at  rates  based  on  other  Sotfth  Asian  experience, 
the  U.N.  studies  project  this  population  to  grow 
ultimately  to  or  beyond  the  Lower  Mekong 
Basin's  present  food-production  capacity,  which 
IS  estimated  to  be  potentially  adequate  for  123 
million  persons.  To  feed  the  expanded  population 
by  the  end  of  the  century,  it  will  be  necessary  to 
expand  paddy  rice  production  from  1970s  12.7 
million  tops  to  37  million  tons.  The  studies  suggest 
that  this  increase  of  nearly  200  percent  cannot  be 
achieved  without  Hood  control  and  new  irrigation, 
It  is  estimated  that  multiple  dams  in  the  Lower 
Mekong  River  system  could  add  up  to  5  million 
hectares  of  land  for  doubje-cropping  of  nee  and 
might  provide  eilough  food  to  support  an  addi- 
tional 50  million  persons  in  the  basin. The  dams 
would  generate  badly  needed  power,  and  the  res- 
ervoirs could,  with'proper  management,  become 
productive  fisheries. 

The  proposed  dams  in  the  Lower  Mekong  Basin 
will  involve  significant  social  costs.  For  example, 
the  reservoir  behind  the  Pa  Mong — the  largest 
dam  proposed  for  the  Mekong  River — would 
force  the  resettlement  of  460,000  persons,  mostly 
in  Thailand.  Land  for  resettlement  en.mass^e  in 
lafge  communities  is  not  available,  and  Thailand 
is  faced  with  the  prospect  of  paying  these  people 
an  estimated  $62^^  million  (approximately  $1,400 
each)  to  leave  without  a  planned  alternative,  a 
situation  euphemistically  referred  to  as  "self-set- 
tlement.''*** 

The  situation  in  thd  Mekong  River  Basin  hap- 
pens to  be  relatively  well  understood  because  20 
years  of  internationally  coordinated  studies  have 
examined  the^ entire  river  basin  as  a  single  plan- 
ning unit.  Other  densely  populated  river  basing 
in  Asia,  Africa,  and  Latin  America-are  the  focus 
of  similarly  ambitious  schemes,  but  !n  most  cases 
.there  are  no  coordinated^^h^Jies  or  even  adequate 
data.  Consequently  the  full  social  and  economic 
costs  of  these  proposed  projects  can  scarcely  be 
estimated. 

The  environmental  costs  are  just  as  hard  to  es- 
timate. It  is  known  that  large  dams  produce  very 
considerable  ecological  impacts  on  rivers  and  es- 
tuaries in  temperate  and  subtropical  areas.  The 
Aswan  Dam  in  Egypt  is  a  case  in  point. 

A  considerable  list  of  costly  impacts  are  asso- 
ciated with  the  High  Aswan  Dam  and  the  irri- 
gation dj^velopment  that  has  subsequently  taken 
place  in  the  Nile  Delta.  They  have  been  recently 
documented  by  Julian  Rzoska*"  in  a  ten-years- 
later  assessment,  as  well  as  by  earlier  researchers 
such  as  Kassas,  George,  and  van  der  Schalie.*^ 
Here  are  some  of  their  findings: 
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•  100,000  people  had  to  be  relocated  from  the 
reservoir  site,  which  extends  into  Sudarv.  The 
people  were  mostly  flood  plain  farmers  of  Nu- 
bian origin.  ' 

•  The  ancient  Nubian  temples  were  inundated 
(a  considerable  portion  of  them  were  salvaged 
intact  in  a  UNESCO-organized  emergency  op- 
eration). 

•  The  dam  traps  sediments  that  fomerly  enriched 
{hi  flood  plain  as  well  as  the  Mediterranean 
Sea,  with  a  loss  in  natural  soil  productivity  and 
the  collapse  of  the  sardine  fishery  that  once  pro- 
vided half  of  Egypt's  fish. 

•  Waves  and  tides  are  now  eroding  the  delta, 
which  formerly  was  extending  into  the  Medi- 
terranean, ana  a  reduction  in  the  agriculturally 
important  delta  is  slowly  occurring. 

•  Year  around  irrigation  in  the  delta,  which  rep- 
resents 60  percent  of  Egypt's  farmland,  has  el- 
evated the  water  table  an* caused  s^linization, 
now  being  remedied  through  expensive  drain- 
age works  financed  by  the  World  Bank. 

•  Schistosomiasis  is  rapidly  spreading  throughout 
the  rural  population  as  a  consequence  of  the 
spread  of  the  snail  intermediate  hosts  in  the  ir- 
ngation  canals,  the  lack  of  sanitary  facilities  and 
the  continual  exposure  of  the  dense  rural  pop- 
ulation. 

•  The  water  hyacintli  spread  almost  uncontrolla- 
bly throughout  the  canal  systems,  where  it  har- 
bors snails  and  interferes  with  water  flows. 

This  controversial  project's  benefits  include  an 
8,000  megawatt  electricity  generating  potential, 
and  a  doubling  of  agricultural  potential  on  per- 
ennially irrigated  soils. 

While  the  extensive  consequences  of  the  Aswan 
Dam  are  reasonably  well  known  and  established, 
relatively  little  is  known  about  ihe  ecological  ef- 
fects of  dams  in  tropical  aceas,  where  most  of  the 
need  and  potential  is  located.  The  animal  species 
native  to  tropical  rivers,  estuaries,  and  oceans 
have  frequently  evolved  life  cycles  that  are  linked 
to  annual  floods  and  the  patterns  of  salinity  and 
nutrient  fluxes  that  accompany  the  floo  Reg- 
ulation of  river  flows  can  therefore  be  expected 
to  significantly  affect  large  numbers  of  estuarine 
and  oceanic  organisms.  Similar  impacts  can  be 
anticipated  in  freshwater  species.  Their  decline  is 
not  likely  to  be  compensated  by  the  development 
of  aquaculture,  especially  if  pollution  seriously 
impairs  water  quality. 

Water  Pollution 

The  Global  2000  Study  projections  point  to 
worldwide  increases  in  urbanization  and  industrial 
growth  and  in  the  intensification  of  agriculture — 


trends  that,  in  turn,  imply  large  increases  in  water 
pollution  in  many  areas 

Water  Pollution  of  Urban  and  Industrial  Origin 

By  the  year  2000,  worldwide  urban  and  indus- 
•  trial  water  withdrawals  are  projected  to  increase 
by  a  factor  of  about  5,  reaching  1.8-2.3  trillion 
cubic  meters  (see  Chapter  9).  Tlje  higher  figure 
is  almost  equal  to  the  total  annual  runoff  of  2.34 
trillion  cubic  meters  from  the  50  United  States. 
Most  of  the  water  withdrawn  for  urban  and  in- 
dustrial use  is  returned  (treated  or  untreated)  to 
streams  and  rivers.  If  90  percent  is  returned,  the 
total  combined  discharge  of  water  flowing  through 
sewers  and  industrial  outfalls  by  the  year  2000  will 
be  on  the  order  of  1.6-2.1  trillion  cubic  meters.  , 
Urban  and  industrial  effluent  will  be  concen- 
trated in  the  rivers,  bays,  and  coastal  zones  near 
the  world's  largest  urban-industrial  agglomera- 
tions. In  the  developing  world — whene  2  billion 
additional  persons  are  projected  to  be  living  by 
2000  and  where  rapid  rates  of  urbanization  con- 
tinue— urban  and  industrial  water  pollution  will 
become  ever  more  serious  because  many  devel- 
oping economies  will  be  unable  or  unwilling  to 
•afford  the  additional  cost  of  water  treatment. 

Few  LDCs  have  invested  heavily  in  urban  and 
industrial  waste  treatment  facilities  As  a  result 
the  waters  below  many  LDC  cities  are  often  thick 
with  sewage  sludge  and  wastes  from  pulp  and  pa- 
per factories,  tanneries,  slaughterhouses,  oil  re- 
flneries,  chemical  plants,  and  other  industries. 
One  cotisequence  of  this  pollution  is  declining 
fishing  yields  downstream  from  LDC  cities.  For 
example,  the  inland  catch  in  the  eastern  province 
of  Thailand,  6%  tons  in  1963,  fell  to  68  tons  by 
1968,  and  it  is  thought  that  water  pollution,  par- 
ticularly from  Bangkok,  was  the  main  cause  of 
the  decline.^  Similar,  though  less  extreme,  de- 
clines have  occurred  around  the  worid  in  fresh- 
water systems,  and  in  bays,  lagoons,  and  estuaries. 
Frequently  tha  changes  are  not  measured  but  be- 
come apparent  with  the  appearance  of  eutrophi- 
cation,  poisonous  red  tides,  and  the  decline  of 
inland  fishing  occupations.'^ 

Efforts  to  control  the  effects  of  pollution  from 
LDC  cities  can  lead  to  international  disputes.  An 
example  is  the  dispute  that  occurred  in  1976  over 
India's  withdrawal  of  water  from  the  Ganges  to 
flush  out  the  port  of  Calcutta  during  the  dry  sea-* 
son  when  the  water  was  needed  in  Bangladesh  for 
irrigation.'^ 

The  reuse  of  urban  and  industrial  waste  water 
is  likely  to  increase  as  urban  populations  expand 
rapidly  in  the  water-short  regions  of  West  Asia 
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and  in  arid  portions  of  Mexico,  Africa,  and  the 
U.S.  Southwest.  The  use  of  waste  water  for  irri- 
»  gation  will  serve  to  recycle  nutrients  that  would 
otherwise  overload  the  absorptive  capacity  of  riv- 
.^rs;  however,  a  careful  management  and  moni- 
toring wifl  be  required  to  avoid  pollution  of 
ground-water  and  human  exposure  to  disease 
pathogens,  heavy  netals,  and  other  toxic  sub- 
stances."* 

The  use  of  water  as  the  transport  media  for 
sewage  is  being  questioned  because  of  its  hign 
capita]  requirements,  its  potential  for  pollution, 
and  its  energy  intensiveness.  Composting  toilets 
tha^  avoid  the  water  medium  entirely  have  been 
developed  and  are  being  used  jnore  widely.'" 

Some  water  pollution  problems  are  linked  di- 
rectly to  air  pollutants  from  urban  and  industrial 
areas,  particularly  from  emissions  of  sulfur  and 
^.nitrogen  oxides  from  electric  power  plants  burn- 
ing fossil  fuels  (see  ''Acid  Rain,'*  above).  The 
increased  use  of  coal  (a  rich  source  of  both  sulfur 
and  nitrogen  oxides)  promises  a  growing  contri- 
bution of  acid  ^  >  rain  water  ahd  to  lakes.  There 
is  no  known,  econom'ically  practical  method  for 
controlling  NOj,  emissions.  Control  of  SO^  emis- 
^  sions  from  coal  is  now  technologically  possible  but 
is  estimated  to  increase  electricity  costs  by  6-15 
percent.  It  seems  that  the  price  of  'iivc"  lakes 
will  be  high.'* 

Urbanization  and  industrial  growth,  in  addition 
to  increasing  various  forms  of  water  pollution,  will  . 
also  increase  the  consumptive  uses  of  water. 
Evaporative  coojing  for  thermal-electric  gener- 
ating facilities  i^  one  of  the  fastest-growing  con- 
sumptive uses  of  water. 

Large  amounts  of  water  are  used  to  remove 
waste  heat  from  thermal-electric  (p....  arily  coal 
and  nuclear)  power  plants,  but  until  recently  rel- 
atively Mttle  of  this  water  has  been  consumed  (i.e. . 
evaporated).  Until  the  eariy  1970s  in  the  U.S. 
most  of  4he  waste  heat  from  electricity  genera- 
tion— which  amounts  to  approximately  two-thirds 
of  the  total  primary  energy  input  to  electrical  gen- 
eration*— was  dissipated  by  means  of  once-through 

•  Nuclear  plants  typically  convert  roughlv  one  third  of  their 
primary  energy  input  \o  cleclncity,  the  remaining  Iwo-Ihirds 
IS  usually  lost  as  waste  heat  Fo&sil-fuei-fired  plants  are  only 
slightly  more  effiaent  Over  and  above  ihesc  losses.  Irans- 
missKHi  'ine  losses  are  significant  (A  L  Velikanov,  Hvdrohgic 
Problems  Stemming  from  Energy  Development.  V  N  Water 
Conferencf .  Jan.  27,  1977.  p  6)  The  large  amount  of  energy 
fott  as  wutc  heat  is  at  the  heart  of  some  of  the  most  intense 
chticisin  of  energy  poliaes  that  increase  electrical  generation 
fbf  end  uses  that  do  tiot  necessarily  require  electricity  See. 
for  egampte,  Amory  B  Lovins.  Soft  Energy  Paths,  Cambridge . 
'  Mast..  Balbn^r.  1977,  and  Efficient  Use  of  Energy.  American 

Institute  of  Physics  Conference  Proceedings  no  25.  summa- 
rittb  in  Physics  Today,  Aug.  1975 
\ 
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cooling.  With  once-through  cooling,  large  i^uan- 
titie^  of  river,  lake,  or  ocean  water  are  pumped 
through  condensers  and  returned  to  the  natural 
water  body  approximately  10°  C  warmer.  Be- 
tween IQSO  and  1972  annual  water  withdrawals 
in  the  U.L\  for  thermal-electric  power  plant  cool- 
ing  jumped  from  50  billion  to  275  billion  cubic 
meters^ — 2.5  times  the  averar  flow  (110  billion 
cubic  meters)  of  the  lower  .  lississippi  River — 
surpassing  irrigation  withdrawals  in  volume. 

Concern  for  biological  and  ecological  damage 
Caused  by  water  intakes  and  by  thermal  pollution 
in  the  U  S.  resulted  in  the  promulgation  in  1974 
of  standards  for  levels  of  thermal  discharge  to 
water  bodies  by  power  plants,  but  in  1976  the 
Standards  were  remanded  by  court  order.  At  pres- 
ent, thermal  pollution  has  a  low  priority  at  the 
Environmental  Protection  Agency.'^  Thermal 
pollution  impacts  are  numerous  and  generally  del- 
eterious in  mid  to  low  latitudes.  In  high  latitudes 
waters  are  naturally'^so  cold  that  aquati.  life  proc- 
esses are  slowed,  and  io  these  areas  heated  dis- 
charges from  power  plants  can  stimulate  production 
offish  and  other  organisms.  In  the  tropics,  on  the 
other  hand,  where  waters  are  naturally  warm  and 
many  species  live  ntar  their  upper  temperature 
tolerance,  thermal  discharges  are  often  lethal.  At 
all  latitudes  increased  temperature  reduces  the 
dissolved  oxygen  Tn  the  watc.  stressing  aquatic 
fauna  by  speeding  metabolic  ra'es  while  at  the 
same  time  depleting  oxygen  supplies.'"  Other  im- 
pacts include: 

*  Destruction  of  small  organisms  such  as  fish  lar- 
vae and  plankton  entrained  in  the  cooling  water 
intake  and  poisoned  by^ntifouling  biocides. 

*  Reduction  of  fish  abundance,  biomass,  and  spe- 
cies diversity  in  downstream  thermal  ''plumes/' 

«  Synergistic  exacerbation  of  the  stiesses  caused 
most  organisms  by  other  fartors  such  as  in- 
creased salinity,  biological  o^^gen  demand,  and 
toxic  substances. 

*  Shifting  of  the  balance  among  algae  species  to 
favor  blue-green  algae,  which  create  taste  and 
odor  problems  in  municipal  water  supplies. 

*  Sudden  changes  of  temperature  during  startup^^ 
and  shutdowns,  causing  death  gf  many  sensitive 
species.'^ 

The  remanding  of  the  1974  Environmental  Pro- 
tection Agency  regulations  on  thermal  pollution 
left  U.S.  problems  of  thermal  pollution  unre- 
solved. New  plants  tend  to  utilize  evap<^*'ative 
cooling  towers  rather  than  once-through  cooling 
because  of  insufficient  volumes  of  water  available 
rath^'  than  because  of  ecological  considera- 
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tions.***  As  a  rcsuU^  thcnnal  water  pollution  in 
the  U.S.  may  remain  at  about  1976  levels,  while 
local  atmospheric  heat  and  humidity  loadmgs  in 
areas  around  new  power  plants  increase.  The  U.S. 
Water  Resources  Council  estimates  that  the  con- 
sumptive use  of  water  by  the  country's  electrical 
generating  facilities  will  increase  rapidly  (650  per- 
cent between  1975  and  2000)."* 

The  nc'  consumption  (i.e.,  evaporation)  of 
water  can  also  be  expected  to  continue  increasing 
elsewhere  in  the  world  during  the  years  ahead  as 
thermal-electric  generation  grows  and  supply  con- 
straints and  environmental  considerations  e.i- 
courage  shifts  away  from  once-through  cooling  to 
evaporative  cooling  towers.  A.  L.  Velikanov  has 
estimated  for  the  United  Nations  that  waste  heat 
discharged  from  thermal-electric  plants  through- 
out the  world  in  1973  was  sufficient  to  evaporate 
7-8  cubic  kilometers  (km^)  of  water  if  cooling  tow- 
en  had  been  in  use  everywhere."*  This  estimate 
may  be  low.  European  energy  specialist  Wolf 
Hlfele  calculates  that  if  Europe  had  been  using 
cooling  towers  exclusively  in  1974,  Europe  alone 
would  have  been  evaporating  water  at  an  annual 
rate  of  16  km\  HSfele  expects  this  consumption 
to  reach  30  km^  per  year  by  2000.  Although  this 
represents  only  about  1  percent  of  Europe's  yearly 
runoff  of  2800  km^;  the  additional  consumptive 
demand  on  Europe's  water  resources  would  be 
significant. 

Water  PoUulion  of  Agriailtural  Origin 

Extensive  pollution  from  fertilizer  runoff  can 
be  expected,  especially  in  developed,  densely 
populated  regions,  if  worldwide  fertilizer  usage 
increases  from  55  kilograms  per  hectare  (kg/ha>— 
the  average  1971--75  rate— to  around  145  kg/ha  as 
:  .ojected.  The  U.S.  Department  of  Agriculture 
projects  fertilizer  application  rates  in  Japan, 
West  Europe,  and  Eastern  Europe  to  reach 
63S,  3SS,  and  440  kg/ha,  respectively,  by  2000  (see 
Table  6-lS).^  At  these  application  rates  it  will  be 
difficult  to  avoid  at  least  some  increase  in  the 
nitrogen  pollution  of  water  supplies  and  eutro 
phication  of  bodies  of  water. 

The  LDCs  are  likely  to  experience  increasing 
water  pollution  by  pesticides,  especially  chlori- 
nated hydrocarbon  insecticides  used  in  irrigated 
rice  culture  and  export  crop  production.  Tfte  Food 
and  Agriculture  Organization  expects  that  pesti- 
cide usage  in  the  LDCs  will  grow  at  10  percent 
per  year  for  at  least  the  near  future.  Should  this 


*  The  projection  auumei  that  rcaJ  eneiiy  prices  remain  con- 
ttaat  to  2000;  fertilizer  projecttons  mtn  not  reported  for  the 
Qk)b§i  2000  itamkrd  case  of  riiini  energy  prices 


trend  continue  until  2000,  the  volume  of  pesticides 
used  in  the  LDCs  will  have  increased  more  than 
sevenfold."'  Presently,  about  half  the  pesticides 
used  in  the  LDCs  are  organochlorines,  a  trend 
that  may  continue  because  organochlorines  are 
substantially  less  expensive  than  the  more  spe- 
cific, less  destructive  and  less  persistent  alterna- 
tives. 

A  sevenfold  increase  in  the  use  of  persistent 
pesticides  in  Asia  would  virtually  eliminate  the 
culturing  of  fish  in  irrigation  canals,  rice  paddies, 
and  ponds  fed  by  irrigation  water.  ^  Organochlo- 
rine  insecticides  continue  to  collect  in  aquatic  sys- 
tems years  after  they  have  been  applied  and  affect 
waters  many  miles  downstream.  At  moderately 
high  concentrations,  they  kill  fish."*  Already: 
many  Asian  farmers  are  reluctant  to  buy  fry  for 
their  paddies  or  ponds  for  fear  that  pesticide  pol- 
lution will  kill  the  stock. ^  The  amount  of  protein 
forfeited  could  be  substantial.  Per  hectare  yields 
of  fish  from  well-tended  ponds  can  be  as  high  as 
the  per  hectare  yields  of  rice,  i.e.,  2,500  kg/ha 
animal  protein  vs.  2,500  kg/ha  carbohydrate.^' 
Cage  culture  yields  are  extraordinarily  high  and 
show  great  commercial  promise  in  several  devel- 
oping countries,  as  long  as  waters  are  not  poi- 
soned by  pesticides.  Projected  pesticide  increase 
seriously  threatens  both  freshwater  and  brackish 
water  aquaculture  in  much  of  Asia.  If  pesticide 
trends  continue,  aquaculture  in  Latin  America 
and  Africa  will  eventually  face  the  same  threat. 

The  protein  that  fish  culture  could  provide  is 
badly  needed,  especially  in  the  humid  tropics 
where  aquaculture  can  thrive.  Moreover,  while 
alternative  forms  of  producing  animal  protein 
tend  to  increase  the  pressures  on  already  stressed 
soil  systems,  fish  culture  places  no  strain  on  ter- 
restrial systems  and  is  complementary  to  the  care- 
ful water  management  schemes  required  for 
sustained  agricultural  production  in  many  parts 
of  the  humid  tropics.  The  FAO  estimates  that 
culture  of  fresh  water  and  marine  organismscould 
re^h  20-30  million  metric  tons  by  2000--between 
.>ofte-third  and  one-half  of  the  present  marine 
catch.*^  Further  pesticide  pollution  will  sharply 
diminish  this  promising  prospect. 

Increased  pesticide  use  will  also  create  water 
contamination  probletnsin  industrialized  nations. 
To  cite  but  one  example:  California  health  offi- 
cials report  that  they  have  found  dangerous  levels 
of  a  pesticide— dibromochloropropane  (DBCP) 
in  half  of  the  irrigation  and  drinking  water  wells 
they  have  tested  in  one  oT  the  state*s  major  ag- 
ricultural areas,  the  San  Joaquin  valley.  The  U.S. 
Environmental  Protection  Agency  banned  the  use 
of  DBCP  in  1977  on  19  fruit  and  vegetable  crops 
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after  tests  showed  that  the  pesticide  caused  ste- 
rility in  the  workers  who  manufactured  it  and 
caused  cancers  in  laboratory  animals.  Two  ye^rs 
after  the  b&n,  California  health  officials  found  res- 
idues averaging  S  parts  per  billion  (ppb)  in  the 
wells  tested.  The  State  has  recomnr.ended  that  all 
wells  showing  more  than  1  pph  of  DBCP  be  closed 
to  human  consumption.  At  that  level,  one  case 
of  cancer  is  expected  (or  every  2,500  persons  who 
use  the  wells.  Arizona  health  officials  have  tested 
18  welts  near  Yuma  and  found  6  wells  with  con- 
centr&tions  of  4:6-18.6  ppb.  of  DBCP.  The  En- 
vironmental Protection  Agency  has  allowed 
continued  use  of  an  estimated  10  million  pounds 
of  DBCP  annually  in  the  U.S.  on  crops  such  as 
soybeans,  citrus  fruits,  grapes  and  nuts  b*]t  is  now 
considering  restricting  this  amount. 

Other  pesticides  may  not  cause  as  many  prob- 
lems with  water.  California  officials  report  that 
DBCP  is  the  only  pesticide  they  tested  that  shows 
a  tendency  to  be  absorbed  into  ground-water. 
Nonetheless,  the  projected  increases  in  pesticide 
usage  will  create  a  variety  of  water  contamination 
problems  in  the  industrialized  nations  as  well  as 
in  the  less  developed  countries. 

Irrigation  will  also  add  large  amounts  of  salt 
contamination  to  the  waters  of  many  areas.  The 
water-use  projections  reveal  that  by  the  year  2000 
between  4,600  and  7,000  billion  cubic  meters  of 
water  will  be  withdrawn  for  irrrigation.  Approx- 
imately 25-30  percent  will  be  returned  to  streams 
carrying  dissolved  salts.  In  very  arid  areas  return 
water  is  heavily  contaminated  with  salts,  concen- 
trated by  high  rates  of  evaporation.  ^^-^ 

Salt  pollution  of  arid-zoqe  riveri  draining  away 
from  irrigated  lands  will  ultimately  make  the  riv- 
ers unflt  for  further  irrigation  use  in  their  lower 
reaches,  as*  has  already  happened  to  the  Shatt-al- 
Arab  River,  in  Iraq  and  the  Lower  Colorado 
River  in  the  U.S.'^The  Shatt-al- Arab  was  formed 
by  the  Tigris  and  Euphrates  Rivers,  whose  delta 
soils  were  once  covered  with  extensive  date-palm 
and  citrus  orchards. 

One  remedy — a  very  costly  and  energy-inten- 
sive remedy — for  the  salt  pollutio.i  of  rivers  is  to 
desalinate  the  water.  A  104  million  gallon  per  day 
desalting  facility  will  soon  be  in  operation  on  the 
Lower  Colorado  River.  Now  under  construction 
at  Yuma,  Arizona,  this  plant  will  be  the  largest 
desalting  plant  in  the  world,  costing  over  $300 
million.  It  is  needed  to  fulfljl  a  U.S.  agreement 
with  Mexico  to  deliver  water  in  the  Colorado 
River  with  a  total  .ssolved  solids  cogent  (in- 
cluding salts)  of  no  more  than  115  milli^ms  per 
liter  (mg/1).  Because  of  the  leaching  ofWts  from 
fields  upstream,  the  dissolved-solids  content  had 
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increased  to  8S0  mg/1  and  was  expected  to  reach 
1,300  mg/1  by  2000.  Most  plant  species  cannot 
tolerate  water  with  more  than  500  mg/1  of  dis- 
solved solids.*^ 

Water-Related  Diseases 

^  Water  related  diseases  have  been  an  unfortun- 
accessory  to  irrhiation  systems  and  dams  tis 
^well  as  to  pollutionlSy  human  wastes  and  are  vir- 
tually certain  w  become  more  prevalent  during 
the  rest  of  thf  century  as  more  of  the  water  en- 
vironment beftomes  affected  by  human  activities 
and  wastes.  / 

A  wide  variety  of  water  developments  can  in- 
crease the  i}icidence  of  water-related  diseases. 
The  creation  of  ponds,  reservoirs,  and  irrigation 
and  drainage  canals  in  the  course  of  water  re- 
source development,  and  the  widespread  inade- 
quacy of  waste  water  disposal  systems  in  LDC 
cities,  all  favor  the  persistence  or  spread  of  a  num-^ 
ber  of  such  diseases.  In  recent  years  new  irrigation 
systems  and  reservoirs  in  Middle  and  North  Africa 
and  West  Asia  have  provided  ideal  habitats  for 
the  intermediate  snail  host  of  schistosomiasis, 
which  has  spread  dramatically  among  rural  pop- 
ulations.*^  This  debilitating  disease  of  the  intes- 
tinal and  urinary  tract  now  affects  an  estimated 
250  million  people  throughout  the  worid,  approx- 
imately 7  percent  of  the  entire  human  population. 
In  some  irrigation-project  and  reservoir  areas,  up 
to  80  percent  of  the  population  is  affected.^ 

In  addition  to  schistosomasis  there  are  num- 
bers of  other  serious  water-related  diseases.  These 
lilthi^e  malaria,  fliariasis  (elephantiasis),  and  yel- 
low fever,  all  of  which  are  transmitted  by  mos- 
quitoes. Onchocerciasis,  "river  blindness"  disease, 
is  transmitted  by  flies.  Paragonimiasis  is  a  disease 
transmitted  by  a  snail.  Pooriy  managed  water  re- 
source development  projects,  as  well  as  the  im- 
pact of  urbanization  on  aquatic  habitats  and  water 
quality,  contribute  to  the  spread  of  all  of  these 
diseases.  Diseases  typical  of  waste  water  contam- 
inated b^  human  feces--cholera,  typhoid  fever, 
amoebic  mfections,  and  bacillary  dysentery — can 
become  problems  anywhere  in  the  world.  In 
LDCs  today  almost  1.5  billion  persons  are  ex- 
posed to  these  diseases  for  lack  of  safe  water  sup- 
plies and  human  waste  disposa'  lacuities.  largely 
for  this  reason  infant  deaths  resulting  from  diar- 
rliea  continue  at  a  high  rate.  Every  day  35,000 
infants  and  children  under  Ave  years  of  age  die 
throughout  the  world;  most  of  these  deaths  occur 
in.  LDCs.^  Schistosomiasis  afflicts  200  million 
people  in  70  cor  les  and  elephantiasis  is  esti- 
mated to  cripple  ^  0  million  more.^  In  parts  of 
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Asif  where  night  soil  is  extensively  used  as  fer- 
tUizer,  roundworm  (Ascahs)  infections  will  con- 
tinue to  be  a  threat  because  the  roundworm's  eggs 
are  not  easily  KHed. 

Water-related  diseases  are  not  limited  to  coun- 
tries that  cannot  afford  sewage  treatment.  In  in- 
dustrialized countries  the  treatment  of  city  waste^ 
waters  with  chlorine  presents  a  different  kind  of 
water-related  health  problem— the  possibility  of 
cancer.  When  chlorine  reacts  with  organic  com- 
pounds in  waste  water,  one  of  the  resulting  by- 
products is  chloroform,  a  carcinogen.  Elevated 
rates  of  fatal  gastrointestinal  and  urinary  cancer 
are  reported  by  some  scientists  in  communities- 
that  utilize  water  supplies  contaminated  with  chlo- 
rofonn.*^*  The  U.S.  National  Academ"  of  Sci- 
ences has  recommended  that  strict  cntcria  be 
applied  in  setting  limits  for  chloroform  in  drinking 
water.*** 

ExtinetkMi  of  Freshwater  Species 

The  International  Union  for  Conservation  of 
Nature  and  Natural  Resources  notes  iti  the  draft 
of  its  World  Conservation  Strategy  that  274  fresh 
water  vertebrate  taxa  are  threatenedby  extinction 
as  a  result  of  habitat  destniction;  This  number  is 
larger  than  the  number  of  similarly  threatened 
vertebrate  taxa  in  any  other  ecosystem  group.*** 

It  is  not  surprising  that  a  large  number  of  fresh- 
water species  are  threatened  with  extinction 
through  loss  of  habitat  in  view  of  the  major 
changes4hat  are  occurring  in  freshwater  system^. 
Damming,  pollution,  channelization,  and  siltadon 
are  causing  massive  alterations  in  freshwater  eco- 
systems throughout  the  worid.  Fresh  water  species 
endemic  to  specific  lakes,  rivers,  or  upper  reaches 
of  river  branches  are  particularly  vulnerable  be- 
^  cause  they  are  dften  easily  extinguished  by  dianges  ' 
in  water  chemistry  (the  effects  of  acid  rain  for 
example),  modificition  of  streambed  contours, 
alteration  of  water  te»nperature,  or  the  imposition 
of  dams^that  prevent  species  from  reaching  their 
spawning  grounds.  Because  of  the  anticipated  in- 
crease in  pollution  and  in  manipulation  of  fresh-  ' 
water  systems,  many  of  the  species  now  threatened 
may  be  extinct  by  2QD0,  and  many  now  relat*vely 
common  species  may  oe  on  the  way  to  extinction. 

The  trends  in  freshwater  extinctions  will  be  dif* 
ficult  if  not  impossible  to  reverse.  In  many  ar^as 
political  and  social  realities  will  stand  in  the  way 
of  installing  expensive  pollution  control  systems, 
of  changing  dam  sites,  or  of  reducing  pesticide 
usage  or  coal  combustion  in  order  to  save  a  fish 
or  amphibian  whose  existence  may  be  known  to 
only  a  few  people.and  whose  value  and  impot^^^ 


tance  may  be  perceived  by  fewer  still.  As  a  result, 
high  rates  of  extinction  among  freshwater  species 
are  expected  to  continue. 


Conclusion 

Freshwater,  once  an  abundant  resource  in  most 
parts  of  the  world,  will  become  increasingly  scarce 
in  coming  decades  for  two  reasons.  First,  there 
will  be  greater  net  consumption,  by  cooling  towers 
and,  especially,  by  irrigation  so  that  the  total  sup- 
ply will  decline.  Second,  pollution  and  the  impacts 
of  hydraulic  works  will  effectively  limit  the  uses 
of  freshwater— and  therefore,  in  effect,  the  sup- 
ply. The  deterioration  of  river  basin  catchments, 
especially  as  a  result  of  deforestation,  will  increase 
the  variability  of  supply,  accelerate  erosion,  dam- 
age water  development  projects,  and  degrade 
water  quality.  It  seems  inevitable  that  the  function 
of  streams  and  rivers  as  habitat  for  aquatic  life 
will  steadily  be  sacrificed  to  the  diversion  of  water 
for  irrigation,  for  human  consumption,  and  for 
power  production,  particularly  in  the  LDCs. 

The  1977  U.N.  Water  Conference  served  to  fo- 
cus global  attention  on  the  critical  problems  of 
managing  the  world's  water  resources  in  the  com- 
ing decades.  In  the  LDCs  the  development  of 
water  resources  for  irrigation  and  power  is  a  key 
to  providing  for  the  economic  needs  of  expanding 
populations.  At  the  same  time  the  ecological  im- 
pacts of  hydraulic  works  and  of  pollution  from 
agricultural  fields  and  urban  industrial  concentra- 
tions is  greatly  diminishing  the  capacity  of  water 
systems  to  support  fish  that  are  sorely  needed  to 
suf^lement  meager  diets.  The  lack  of  safe  water 
supplies  and  of  methods  for  sanitary  disposal  of 
human  waste  and  waste  wat^r  means  that  as  many 
as  1.5  billion  persons  are  exposed  to  fecally  re- 
lated disease;  pathogens  (in  drinking  water.  These 
problems  pf  water  supply  and  quality  in  LDCs  are 
so  severe  as  to  be  matters  of  survival  for  millions 
of  persons. 

In  industrial  nations,  water  supply  and  quality 
will  pose  more  subtle  and  therefore  more  complex 
questions  of  trade-offs  and  conflicts  among  users 
(or  values)  of  freshwater.  Water  resources  njan- 
agement  in  such  nations  is  concerned  not  with 
human  survival  but  with  balancing  demands  for 
water  resources  against  considerations  of  quality- 
of-life.  But  scarcities  and  conflicts  are  becoming 
more  acute,  and  by  the  year  2000  economic,  if  not 
human,  survival  in  many  industrial  regions  may 
hinge  upon  water  quality,  or  water  supply,  or 
both. 

Perhaps  the  most  underrated  aspect  of  freshr 
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water  systems  throughout  the  world  is  their  func- 
tion as  aquatic  habitat.  Atsome  point,  high  social 
and  economic  costs  wiM  kHIow  the  continued  ne- 
glect of  the  water  quality  needed  to  maintain 
ecosystem. health.  This  point  may  be  marked  by 
the  failure  of  fish  farms,  or  by  a  decline  of  the 
capacity  of  streams  to  accommodate  wastes,  or  by 


the  decline  or  disappearance  of  species  that  may 
possibly  be  of  great  future  value.  Given  the  crit- 
icality  of  the  other  uses  of  freshwater  resources, 
the  future  integrity  of  aquatic  habitats  is  by  no 
means  assured.  In  fact,  since  aquatic  habitats  are 
much  more  difficult  to  know  and  monitor  than 
terrestrial  ones,  it  is  in  serious  doubt. 


The  Energy  Projections  and  the  Environment 

The  Projections 

Assuming  a  5  percent  annual  increase  (starting  in  1980)  in  the  real  price  of 
oil,  the  Department  of  Energy,  projects  a  growth  in  demand  for  commercial 
energy  (i.e.,  energy  from  fossil  fuels  and  from  nuclear  and  hydro  sources) 
of  3.0  percent  per  year  for  the  1975-90  period.*  Total  world  commercial 
energy  use  (ene-gy  conversion)  is  projected  to  increase  about  56  percent  in 
15  years— from  246  quadrillion  (10")  Btu  to  384  quadrillion  Btu  in  1990. 

The  projected  distribution  of  this  increase  among  energy  sources  is  illus- 
trated in  Table  13-32.  The  worid*s  dependence  on  oil  increases  from  46  to 
47  percent  of  total  energy  t.»e.  Annual  oil  consumption  is  projected  to  increase 
66  quadrillion  Btu  (1 1.4  x  10*  barrels),  a  58  percent  increase  in  oil  use  over 
15  years.  CoaPs  share  is  projected  to  increase  13  percent;  by  1990,  20  percent 
of  all  the  energy  used  is  projected  to  come  from  coal.  Natural  gas  usage  is 
projected  to  grow  by  43  percent,  providing  17  percent  oHhe  world's  com- 
mercial energy  in  1990.  Nuclear  and  hydroelectricitv^koductiont  are  pro- 
jected to  increase  by  226  percent  (more  than  tripling)C^y  1990  they  account 
for  about  16  percent  of  the  world's  primary  energy  uses /tm>( after  subtracting 
losses  of  waste  heat)  provide  only  about  6  percent  of  the  world's  usable 
energy.  Solar  energy,  other  than  conservation  and  hydroelectric,  is  not  pro- 
jected to  be  making  a  significant  contribution  to  the  worid's  energy  production 
by  1990. 

The  distribution  of  the  increased  use  of  commercial  energy  forms  among 
regions  of  the  world  is  illustrated  in  Tabis  13-33.  Energy  consumption  in  the 
United  States  increases  by  41  percent,  less  rapidly  than  the  87  percent  increase 
in  other  industrialized  countries.  The  LDCs  increase  their  use  of  commercial 
energy  forms  by  64  percent,  but  because  these  countries  use  such  a  small 
amount  of  commercial  energy  now,  the  15-year  growth  adds  only  one  per- 
centage point  to  their  fraction  of  the  worid  total.  The  OPEC  countries  use 
a  relatively  small,  but  rapidly  growing  (more  than  6  percent  per  year), fraction 
of  the  world's  primary  energy.  The  centrally  planned  economies  mcrease 
their  annual  energy  use  by  34  percent,  but  their  share  of  the  world  total 
declines  from  31  to  27  percent.  Overall,  the  global  use  of  primary  energy 
increase  by  56  percent. 

PriD^e^ed  changes  in  per  capita  use  of  primary  energy  are  illustrated  in 
Table  13-34.  U.S.  per  capita  energy  use  increases  by  27  percent  over  15 
years,  from  553  percent  of  the  worid  average  to  586  percent.  The  other 
industrialized  countries  increase  their  per  capita  energy  use  more  rapidly  (72 
percent)  to  reach  325  percent  of  the  world  average  by  1990.  The  LDCs 
(including  OPEC  countries)  increase  their  per  capita  consumption  by  27 


'Because  of  the  complexities  of  the  world  energy  situation, 
the  Departm^t  of  Erergy  did  not  feel  its  projections  could 
be  extended  beyond  1990  See  chapters  10  and  20  for  further 
details. 


tThe  Department  of  Energy  projections  lump  together  nuclear 
and  hydioelectnc  generation,  most  of  tP  increase  must  be  in 
nuclear  generation  because  most  of  the  large  undeveloped 
hydroelectric  sites  are  in  the  LEKs.  and  few  of  these  will  be 
developed  over  the  next  15  years 
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percent,  to  reach  19  percent  of  the  world  average.  (The  OPEC  countries 
even  tbot^  ^fir  populations  are  relatively  small,  account  for  36  percent  of 
the  combmed  LDC-OPEC  increase  in  energy  use.)  The  centrally  planned 
^?!2I??'.!2f^J'^*'  P*'  energy-use  by  12  percent  bgt  decline 
relative  to  the  world  average  from  97  percent  to  90  percent.  For  the  world 
f*  V  P^J,^P«^«  energy  use  increases  20  percent  from  60  million 
to  72  millton  Btu.  The  world  average  oil  consumption  in  1990  will  be  the 
equivalent  of  approximately  12  barrels  of  oil  per  person  per  year.  The  global 
variation  ranges  from  about  73  barrels  per  person  per  year  in  the  U.S.  to 
about  2.4  barrels  per  person  in  the  LDCs  (including  the  OPEC  countries)  • 


Introdactkm 

The  DOE  energy  projections  are  based  largely 
on  an  industrialiied  country  penq)ective.  The  pro- 
jections in  Tables  13-32, 1 W3,  and  13-34  focus 
exclusively  on  what  might  be  termed  the  com- 
mercial energy  source»-^K  coal,  natural  gas,  and 
nudear  and  hydro  source*— used  primarily  in  in- 
dustrialized economies.  Important  as  these  com- 
merdal  energy  sources  and  their  environmental 
impacts  are,  they  provide  an  incomplete  picture 
of  energy  development  and  use  and  6f  environ- 
mental impacts  over  the  next  two  (tecades. 

In  the  less  developed  countries,  noncommer- 
dal,  organic  fuels— wood,  crop  wastes;  tharcoal, 
and  dung— are  collected  and  burned  daily  by  an 
estimated  1.5  billion  persons,  approximately  40 
percent  of  the  tqtal  human  population.  These  en- 
ergy sources  are  used  extensively  throughout  rural 

•  TbMe  projoctioiii  wttt  made  by  DOE  in  1978,  rad  DOE 
hm  fvM  Hi  eftinwtcs  lince.  Sec.  for  exsnple.  Ngthtmi 
Bfmgy  nm  ii,  Washiiigton:  De^Sftment  of  Eocriy.  May 
1979. 


regions  and  even  in  cities,  ^ut  b^use  of  their 
*  low  energy  content  both  per  unit  weight  Aid  per 
unit  volume,  they  are  not  commonly  traded  in 
ilHematioual  commerce.  Nevertheless,  these  or- 
ganic fuels  are  traded  locally  and  are  viuUy  im- 
portant  to  the  econbmies  in  which  they  arc  used. 
Furthermore,  their  use  has  environmental  impli- 
cations of  a  significance  comparable  to  that  of 
commercial  energy  sources. 

Two  other  categories  of  energy  need  to  be  men- 
tioned briefly.  One  might  be  termed  traditional 
sources;  the  other  high-technology  sources.  The 
traditional  sources  involve  well-established  tech- 
niques, and  technologies  for  converting  solar, 
wind,  and  water  power  into  useful  work.  Exam- 
ples include  sailing  ships,  windmills,  water  mills 
and  wheels,  hydraulic  rams,  solar  drying*and  dis- 
tilling, charcoal-fired  smefters  and  forges,  and 
human  and  draft  animal  power.  Not  mucl^  im- 
portance has  been  assigned  to  these  traditionaP 
sources  of  energy  over  the  last  several  decades  in 
the  industrialized  nations  until  recently,  when 
•intermediate"  and  "appropriate"  technologies*' 


TABLE  13-32 

GMmI  Primary'  Energy  Use,  1975  and  1990,  by  Energy  Type 

1975  1990 


10^  Btu 


Peicent 
(^Toul 


lOM  Btu^ 


Percent 
of  Total 


Avertfe 
Pteroent  Amraal 
Inorsits  Pterosnt 
(197V90)  laataw 


oa 

OmI 


id  hydro 
Solar  (odMT  tkm  oonervatkm 


113 
68 
46 
19 


246 


46 
28 
19 
9 


( 


100 


179 
77 
66 
62 


384 


47 

20 
17 
W 


isr 


58 

13 
43 
226 


56 


3.1 
0.8 
2.4 
7.9 


3.0 
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TABLE  13-33 

RcgioMi  DislribotkNi  orGMml  Primiry  Eoerty  Use,  197S  and  1990 

1975  Annual  Uie  1990  Annual  Uie 


10"  Btu 


Percent 
of  Tout 


10"  Btu 


\ 


Averife 

  Percent  AinhmI 

Percent  Increase  Fereent 

of  Total         (1975-W)  Incrtaie 


United  States 

71 

29 

100 

26 

4) 

2.3 

Other  iodustriattzed  countries 

67 

27 

125 

33 

87 

4.2 

Le«  developed  qwintrics 

25 

10 

41 

11 

64 

3.3 

OPEC  countries 

6 

2 

15 

4 

150 

6.1 

Centrally  planned  economies 

77 

31 

103 

27 

'  34 

1.9 

World 

246 

100 

384 

100 

56 

3.0 

Smmu:  Tim  IffO  9tmm  an  froai  D«pi 
r  A.  D.         i>  frnkUwl  lUvkw 

Qmtm  10.  Tlw  IfTS 

nicnlty  PImm^ 

Bomomimmmak 

1.  \9H,  dM  oU 

m  WfS  flfgrai  ait 

horn  DOriM 

Table  13^ 

Per  Caj^  dobd  Primary  Energy  Use,  AnnuaUy  1975  and  1990 


1975 

1990 

Average 

PeroeiM 
Increase 

t 

10*  Btu 

Percent  of 
World 
Average 

10*  Btu 

Percent  of 
Worid 
Average 

Percent 
Increase 

(1975-90) 

UHted  Sutes 

Other  industrialized  countries 
Less  developed  oovotries' 
Centrally  planned  economies 

332 
136 
11 
58 

553 
227 
18 
97 

422 
234 
14 
65 

586 
90 

27 
72 
27 
12 

1.6 
3.6 
1.6 
0.8 

World 

60 

100 

72 

100 

20 

1.2 

SMKvrmtMriyaimftrt  frontteOfffwimtMof  Em^  1V33)  Tlie  pop  Uitkm  fffm  m  obctiiiH       tlic  a««M  «r  tta 


*  Skm  poprialioi  ptoittikom  «tre  not  made  w^lelf  lot  the  OPEC  cowitricf.  tkoac  ciwntrin  have  been  incttded  heft  Hi  the  IDC  caie^. 


began  to  attract  attention.  Now  these  and  related 
technolQgiei  are  be»ng  reexamined  1^ 
including  tbe  National  Academy  of  Sciences,  and 
it  is  generally  agreed  that  many*  traditional  tech* 
nol^^sand  techniques  and  their  modem  elab- 
QiatKms  (e.g.,  methane  generation)  show  neat 
"prcmiise  for  rural  development  applications.^  A 
major  advantage  of  the  modernized  traditional 
sources  is  their  small-scale,  decentralized  nature, 
which  allows  a  wide^ngfr^  applications  espe- 
cially in  poor  rureTareas. 

The  high-technology  category  of  energy  sources 
includes  a  number  of  technolc^ies  now  being  re- 
searched or  undergoing  development.  There  are 
many  examples:  large-ftcale  synthetic  fuel  pro- 
duction from  coal,  nuclear  fusion,  nuclear  fission 
breeder  reactors,  hydrogen  fiiel,  solar  photovol- 
taic cells  for  direct  electrical  generation,  large 
wind  turbines  for  electrical  generation,  and  large 
scale  geothermal  and  9cean  thermal  energy  con- 


venion.  Most  oi  these  high  technolofies  are  very 
large-scale  approaches  to  energy  supply  and  are 
beyond  the  reach  of  the  poorest  regions  of^Aie 
world. 

In  the  d^'^nission  that  follows,  the  environmen- 
tal impacts  of  the  Department  of  Energy  (EK)E) 
projections  for  commercial  energy  in  induitrial- 
ized  society  are  considered  first.  The  Brookhaven 
National  Laboratory  (BNL),  under  contract  with 
DOE,  analyzed  the  environmental  implications 
of  the  DOE  projections,  but  the  analysts*  as  will 
be  explained  more  fidly  below,  does  not  provide 
an  adequate  basis  for  assessing  the  environmental 
consequences  of  future  energy  developments, 
largely  because  of  technological  uncertainties. 
Technology  is  then  discussed  in  terms  of  the  spec- 
trum of  alternatives  and  the  various  environmen- 
tal consequences  implied  by  these  alternatives. 
The  environmental  implications  of^possiMe  future 
high  technologies  are  not  discussed  because  these 
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technologies  are  not  projected  by  DOE  as  making 
significant  contributions  to  the  world's  energy 
economy  by  1990. 

The  environmemal  impacts  of  noncom^nercial 
organic  fuels  used  in  the  LDCs  is  considered  next, 
together  with  two  ''intermediate**  or  "appropri- 
ate" technologies  that  are  becoming  commercial- 
ized to  a  degree  in  some  LDCs:  methane  gas  and 
charcoal.  Since  the  DOE  projections  did  not  in- 
clude noncommercial  energy  sources,  the  discus- 
sion of  organic  fuels,  charcoal,  and  methane  is 
based  largely  on  projections  and  estimates  devel- 
oped by  the  United  Nations. 

Commercial  Energy  in  Industrial 
Societies 

The  environmental  implications  of  the  DOE 
Clergy  projections  cannot  be  analyzed  in  detail 
for  two  *-casons.  First,  the  analytical  tools  needed 
for  the  assessment  of  the  environmental  conse- 
quences of  even  national  (let  alone  global)  energy 
projections  are  still  being  developed.  Second,  the 
DOE  energy  projections  for  the  Global  2000 
Study  are  not  sufficiently  detailed  to  permit  the 
full  application  of  even  the  presently  available 
tools  for  environmental  analysis.  Consider  first 
the  limitations  in  available  tools  for  environmen- 
tal analysis. 

Much  has  been  writto  i,  and  continues  to  be 
written,  about  the  environmental  aspects  of  en- 
ergy development.  Probably  the  largest  portion 
of  this  work  in  the  U.S.  is  being  conducted  or 
sponsored  by  one  agency  or  another  of  tHfe  federal 
government.'  Most  of  the  analyses  and  reports 
are  highly  detailed  and  lack  both  the  breadth  and 
synthesis  required  for  policy  analysis  and  for  the 
Global  2000  Study. 

In  spite  of  the  large  numbers  of  energy-envi- 
ronment studies,  the  information  and  analytical 
framework  needed  to  systematically,  comprehen- 
sively, and  objectively  compare  the  impacts  of 

*The  volume  of  energy-environment  research  and  analysis 
tpomored  by  the  governmeni  is  staggering  The  Environmen* 
tal  Protection  Agency  has  developed  a  directory  just  to  assist 
fovenunent  personnel  and  other  interested  persons  in  locatmg 
the  principal  goveramcnt  officials  involved  in  the  program 
(**Who's  Who  in  the  Interagency  Energy/Environment  RAD 
Proffim,"  June  1978).  In  Apnl  1977.  the  Energy  Research 
and  Development  Administratiofl  published  a  4-volume  /«. 
yemory  of  federal  Energy-Related  Environment  and  Safety 
Resemrch  for  FY  76,  totaling  approximately  1,500  pages. 

Debate  surrounds  the  enekgy^nvironment  research  agenda. 
The  Department  of  Energy  has  obtained  research  recommen- 
dations from  consultants  (e.g..  METREK  Division  of  the 
MITRE  Corporation  intematianai  Aspects  of  Energy  and  the 
Environment:  Status  and  Recommendations,  Apr.  1978). 


alternative  energy  strategies  do  not  exist.  Re- 
cently, however  John  P.  Holdren  has  proposed 
a  framework  for  such  analysis.  The  framework, 
in  its  barest  outline,  involves  the  following  se- 
quence: 

1.  Identification  of  the  sources  of  effects  on  che 
environment,  in  the  form  of  specific  techno- 
logical systems  and  activities; 

2.  Identification  and  characterization  of  the  in- 
puts to  the  immediate  environment  that  are 
produced  by  these  sources,  where  Mnput"  is 
taken  to  encompass  what  is  put  into,  taken  out 
of,  or  done  to  tne  surroundmgs; 

3.  Analysis  of  the  pathways  by  which  the  inputs 
lead  to  stresses  on  the  components  of  the  en- 
vironment at  risk; 

4.  Characterization  and  quantification  of  these 
r  tresses; 

5.  Analvsis  of  the  responses  of  the  components 
at  risk  to  the  stresses  imposed; 

6.  Identification  lind  quantification  of  the  costs 
to  human  well-being  associated  with  these  re- 
sponses.**' 

At  present,  the  six  steps  of  this  sequence  cannot 
be  completed  systematically  for  any  nation,  let 
alone  for  the  world.  Sources  can  now  be  identified 
in  terms  of  specific  technological  systems  and  ac- 
tivities, but  most  national  (and  all  global)  energy 
projections  and  scenarios  do  not  provide  the  basic 
source  information  in  the  detail  needed  for  a  com- 
prehensive environmental  analysis.  Large  vol- 
umes of  data  of  mixed  quality  on  pollution  and 
residual  inputs  into  the  environment  are  being 
gathered  in  "data  bases,"  However,  the  assem- 
bling and  synthesizing  of  this  data  into  a  coherent, 
readily  usable  form  is  proceeding  only  relatively 
slowly.  (Basic  environmental  input  data  are  now 
being  summarized  in  a  large  data  book*"  by  the 
office  of  the  Assistant  Secretary  for  the  Environ- 
ment, DOE.  When  complete,  this  volume  will 
prcfvide  an  important  and  useful  source  of  data 
on  the  amounts  of  pollutants  various  energy 


Congreuional  commiuees  and  the  Council  on  Environmental 
Quality  K4ve  developed  their  own  views  (see  Congressional 
Research  Service.  **Research  and  Development  Needs  to 
Merge  Environmental  and  Energy  Objectives,*'  prepared  for 
the  House  Subcommittee  on  Environment  and  the  Atmos- 
phere, Mar.  1978;  and  the  Council's  ''Environment  and  Con- 
servation and  Energy  Research  and  Development:  Assessing 
the  Adequacy  of  Federal  Programs."  Government  Printing 
Office.  Sept.  1976).  The  following  two  books  by  INFORM, 
a  nonprofit  en^ronmental  research  group  in  New  York  City, 
provide  an  excellent  overview  of  industrial  research  on  new 
energy  technologies:  Stewart  W.  Herman  and  James  S.  Can- 
non. Energy  Futures:  industry  and  the  New  Technologies.  1976. 
Wa?*er  C.  Patterson  and  Richard  Griffm.  Fluidized-Bed  En- 
ergy Technology:  Coming  to  a  Boil,  1978. 
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TABLE  13-^ 

«M  the  Eflteti  or  PottataBti 


Title 

Source* 

Year 

Av  Quomty  Crmrm  for  Nurogin  OxUa 

EPA 

1971 

MAC 

1077 
lyf  9 

Air  QmHiy  Oimria  for  Hydrocarbofu 

HEW 

1970 

AirQmUiyCriierioforSiilphirOxidei 

HEW 

Doitate 

ItAS 

1978 

Air  ^ — Qj^fia  far  Mfl*>  Ckrmitml  Ori^mMti 

OroMf      Odm  F9io$o  Chmkol  Oxi4mm 

NAS 

1977 

Air  QmMty  for  Madmi  hiamr 

HEW 

1969 

NAS 

1972 

At  QmMtfCriitrim  for  CmhoH  Monoxide 

HEW 

1970 

Cordon  idof90Jdd$ 

NAS 

1977 

Qi^dayCraerie  for  Worn 

EPA 

1976 

Drinking  Wo$er  ond  tiemm 

NAS 

1977 

Energy  ond  Ctmm 

NAS 

1977 

Fermonent  Regidoiory  rrogrem  implementing  Section  (50i)(bl  of  the 

Surfece  eetntng  Control  eitd  Keclmnmon  Actof  1977 

DOI 

1979 

ifiwepiifiwow  rotenml  jf  Western  Cm  Fmde 

NAS 

1974 

The  Emvinmmenttd  Effects  of  Thermei  Disehorga 

EPA 

\  1974 

Rit)k>gietil  Effects  of  Once^Through  Cooling 

UWAG 

^ly/e 

Reoctor  Sefety:  Asmsnwnt  of  Accident  Risks  in  U.S.  Commercial  Nuclear 

\m 

Power  Plants 

NRC  . 

The  Risks  iff  Nuclear  Power  Reactors:  A  Review  of  the  NRC  Reactor  Sefety 

Otmmy 

1077 

Risk  Assessment  Review  Croup  Report  u>  ihe  U.S.  Nuclear  Regulatory 

Commission  ^ 

NRC 

1978 

U^fefled  Energy  Gases  St^ 

GAO 

1978 

TV  Effects  on  Population  of  Exposm^  to  Low  Levels  of  lonisi^  Radiation 

NAS 

1972 

RadidiogicalQuebty  of  the  Environment  in  the  U  S,,  im 

EPA 

1977 

Report  of  die  Interagency  Task  Force  on  lonixing  'Radiation 

HEW 

1978 

The  Effects  on  Populations  of  Exposure  to  Low  Levels  of  Ionizing  radiation 

NAS 

1979 

The  Strategic  Environmentai  Assessment  System* 

DOE 

1978 

Air  pottmioa 


Water  poamiofi 


Therml  pottution 
Low-prob^iility  t 


RadkNictive 
pottutkm 


of  U.S. 


V 


•to  Oe  mem  to  «M  il»  ^vMmM  appMr  ii  Om  laMt:  U.8  MnmmmA  PummiIm  A«Bwjr:  NatM  AadMiy  of  SdMsM;  U.f  DijiMiMwi  flftfaiMi. 


.  Mi  Wilhii;  U.S.  DipiiMil  flf  il»  brtirtor.  IMMy  Wmot  Act  Om.  KkMniid.  Vt. ;  U.S.  NwImv  Simakam  i 
Ci1iltoi,Mm;  V  t  Qmmtt  Amom0ii$  omm;      Daemmmm  el Ewny 

^TTwUJ.  OwnwiM  earn  9mU*tt  modtl  q^ibte  of  ■  lyiwiitih  of  al  c«ti|y«friat<d  cwviroiwKciMl  iiwpKtt  >lom  tfcc  Htm  of  Holdmi^  t-itop  ■ 

3  mt.  ilw  titmitf  gwfciwwwtal  AM>wwiiiir  Syntw  (SEAS)  it  mmJ  by  DOE  far  te  mvirowicwtol  malytte  (icc.  lor  enwpli  DOE't  OOlet  :if  dw  AntolMl 
iMmtjy  fl^  SMiroMMai.  Nmhml  Eimty  Mm  II.  AppmtllM  Mnmmmt  Tmnk  mi  /i>^m«.  May  If79.  p.  7^  Mm.  iktn  k  m  towce  of^ocwMM- 
eamktfSk  SEAS  moM.  bM  MdMrd  J  yalaghrr  tt  al  Indicate  bi  a  raetiH  DOE-tfoaaorctf  r«pon  Hm  **4ocM>rv  jm  on  the  SEAS  attfeodolOiy.  dMa  hmm,  md 
■itet  iiiiii i  Irtanimiua  on  itw  lynttii '  way  be  kmti  to  tlw  31  fcfemwet  lined  on  iwte  9icftkt  npun  {Nmoml  EMvintrnm^  htmmt  ^roienkm  /.Mctmi. 
V^:MmUICM|i..  Die.  1971).  ^  ^ 


loiiroes  put  into  the  environment.)  Information 
on  paihwaySf  stresses,  responses,  and  costs  is  still 
tnoomi^te  and  fragmented  (see  Table  13-35). 
Given  the  fragmentary  informatipn  available  for 
many  of  the  six  steps  in  the  sequiince,  it  is  not 
surprising  that  at  present  adequate  analytical 
modebi  do  not  exitt  for  translating  environmental 
inputs  from  even  a  national  energy  projection  or 
scenario  through  the  pathways,  stresses,  and  re- 
sponses to  the  costs  to  humanjveUcbeing/  and 

^  TiM  oMdel  now  beini  used  by  Ibe  Department  of  Energy— 
thi  Strategic  Eavironmesui  Asiettmem  System  (SEAS) 


considering  the  complexities  involved,  time  will 
be  needed  to  improve  the  models. 

In  view  of  the  present  Umitationg  in  capabilities 
for  the  analysis  of  environmental  consequence^ 
of  energy  projections,  the  most  that  could  be 
hoped  for  in  the  Global  2000  Study's  analysis  was 
a  dear  indication  of  inputs  onl^-^he  environ- 
mental inputs  from  world  energ^  develc^mients 
out  to  the  year  2000.  However,  even  this  relatively 

modeMs  more  integrated  than  many  national  energy  modeis. 
Some  results  from  the  SEAS  model  are  discussed  later  in  this 
section. 
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modest  goal  proved  impossible  for  several  rea- 
sons^ First,  the  DOE  projections  do  not  extend 
to  SOOO.Becau^  of  technical,  political,  economic, 

'  and  |»licy  uncertainties  (see  Chapters  10  and  20 
for  further  details),  the  DOE  was  unable  to  ex- 
t^  its  projections  bcyon<J  1990.  Second,  the 
DOB  energy  projections  are  not  sufficiently  de- 
tailed to  permit  anything  but  the  broadest  of  en- 
vjroiunental  assessments.  The  fraction  of  coal  to 

.^b^strip^t;ined  is  not  projected;  the  percent  sulfur 
in  the  coat  to  be  burned  is  not  specified;* nuclear 
and  hydroelectric  generation— technologies  with 
quite  different  environmental  effects— are  lumped 
together. 

Given  the  incomplete  and  tentative  nature  of 
the  eoefgy  projections,  a  detailed  and  systematic 
efivtroi|aiental  analysis  could  not  be  expected. 
However,  DOE  was  asked  to  provide  at  least  a 
general  analysis  of  the  environmental  implications 
of  its  projections,  Md  the  Department  contracted 
this  work  to  theBrookhaven  National  Laboratory 
(BNL).       •  ^  -  ^ 

finvfammental  Aiudysb— The  Brookhavcn 
NatfcNMl  Lab9rator|  Pnilecffons 

The  DOE-BNL  entirqnmental  projections  in- 
dude^nerffy-related  air  pollutant  emissions  (car- 
'  bon  dioxide*,  carbon  mpnoxidfe,  sulfur  dioxide, 
9ndes  of  nitrogen,  partipulates,  and  hydrocar- 
bons), radioactive  emissions  (tritium,  population 
exposure  to  radiation;  and  solid  high-level  waste), 
laiid^use^feqairpinems,  iand -solid-waste  genera- 
tion, ynfo^rtunateiy,  the^plifying  assumptions 
underlying  the  DOE-BNL  environmental  projec- 
tions severely  limit  the  usefulness  of  the  results. 
These  assumptions  are:  (1)  that  by  1985  all  energy 
facilities  throughout  the  world  will  be  retrofitted 
to  meet  U.S.  new-source  performance  standards* 
for  sulfur  dioxide,  oxides  of  nitrogen,  particulates, 
and  hydrocarbons;  and  :(2)  that  for  other  envi- 
ronmental emissions  and  effects,  emissions  per 
fuel  unit  produced  and  consumed  will  remain  at 
presently  estimated  values.  The  DOE-BNL  land- 
use  and  solid-waste  estimates  pertained  only  to 
those  aspects  of  the  energy  system  for  which  DOE 
was  able  to  suR)ly  Brookhaven  with  projections 
(unfortunately  this  excluded  strip-mining).  The 
estimates  thus  give  only  a  partial  picture  of  eh- 

•  Sec  CiMit  Air  Act,  42  U.S.C.  1837  ti  seq  In  its  Eighth 
Afumai  Repon^im  (p.  26),  the  Council  on  EnvtronmentaJ 
Quality  writei— concerning  the  1977  amendmenU  to  the  Act— 
that  "lectioM  of  the  Amcndmenu  provide  a  more  viforou* 
definitioa  of  new-iourcc  performance  standards  requiring  per- 
formance at  least  as  good  as  that  which  could  be  obtained  by 
using  the  'best  technological  system  of  continuous  emiuion 
reduction.* 


ergy-rclated  effects.  No  base-year  (1975)  residuiJ 
emission  figures  could  be  provided  because  thl 

•  DOE  energy  projections  did  not  include  base-year 
figures.*  Given  these  assumptions  and  limita- 
tions, the  DOE-BNL  figures  must  be  regarded 
at  best  as  lower  bounds  on  the  expected  environ- 
mental impacts. 

The  DOE-BNL  environmental  projections  are 
presented  in  Tables  10-16,10-17,  and  10-18  of 
Chapter  10  for  three  cases  in  which  oil  prices  are 
assumed  to  remain  constant  out  to  1990.  The 
Global  2000  Study's  base  case— oil  prices  increas- 
mg  at  5  percent  per  year  stsrting  in  1980— was  not 
analysed.  However,  the  low-growth  case  leads  to 
a  total  world  energy  consumption  similar  to  that 
in  the  Global  2000  Study's  base  case,  but  the  mix 
of  technologies  is  of  coprse  different.  The  DOE- 
BNL  residuals  projections  for  the  low-growth  case 
are  shown  in  Table  13-36.  The  DOE-BNL  en- 
vironmental projections  are  discussed  in  detail  in 
Chapter  10  and  will  not  be  discussed  here.  Be- 
cause of  fundamental  limitations  in  the  DOE- 
BNL  fipproach,  remedial  efforts  would  be  insuf- 
ficient. Anqther  approach  is  needed. 

Environmental  Analysis— Another  Approach 

The  energy  problem  has  several  dimensions^- 
political,  economic,  resource,  technological,  en- 
vironmental, social— and  difficult  decisions  will 
be  required  of  each  nation  in  each  of  these  areas. 
The  basic  difficulty  in  developing  projections  of 
the  environmental  consequences  of  energy  de- 
velopment is  that  few  nations  have  yet  made  these 
difficuh  decisions.  As  a  result,  there  is  much  un- 
certainty as  to  the  approaches  and  technologies 
that  will  be  used. 

In  the  discussion  that  follows,  the  resource  and 
economic  aspects  of  the  Energy  problem  are  ex- 
amined briefly  to  establish  a  framework  for  the 
spectrum  of  technological  alternatives  various  na- 
tions are  now  considering.  The  environmental 
consequences  of  the  technological  options  at  the 
ends  of  the  spectrum  are  then  discussed  and  com- 
pared. This  comparison,  based  on  U.S.  national 
studies,  pravides  a  range  of  possible  environmen- 
tal consequences.  Finally,  the  comparison  is  ex- 
tended globally,  with  particular  attention  to 
environmental  impacts  of  energy  development 
that  could  have  significant  implications  for  some 
of  the  other  Global  2000  Study  projections. 

The  Resource  Problem.  Essentially,  the  re- 
source  aspects  of  the  commercial  energy  problem 

•  Ute  in  the  study.  DOE  did  provijlc  a  limited  amount  of 
btie-yecrdata.  which  ha^e  been  used  in  Tables  13-32.  1 V13 
and  13-34. 


ERLC 


■lU; 


ENVIRONMENT  f  KOJECTiONS 


351 


TABLE  13^ 

« 

PratlertMl  AaaiMi  graWoi;  IN5  and  I9M.  L^iw-Growth  Cmc* 


European 

U.S. 

Ufs 

Centrally 

OECD 

ftJKt 

Developed 

OPEC 

Planned 

Countriet 

Canada 

Japan 

Cocntriet 

Countriet 

Economies 

World 

IMS 

GmImmi  MOflMiids 

(JUMMi  €fmOn  $0t9i) 

478^ 

6.85 

1.51 

2.57 

0.80 

7,52 

24.0 

Z2.3 

13  4 

6.68 

15  7 

5  Is^D 

22.4 

86.1 

(HflHIoi^  otf  ilMMrt  loos) 

rtiiii  a     -A  - 

lis 
1  1.5 

13.U 

4. 52 

7.(77 

1.33 

29.8 

67.4 

'  lie 

13.5 

15.7 

4  71 

8.2  i 

2.38 

19  7 

64.1 

6.3 

9.02 

2,03 

6.56 

0.54 

30.6 

55.0 

(mtflMf  cfftkcft  torn) 

2.96 

1.84 

0.79 

1.73 

0.59 

2.99 

10.5 

(nWoM  of  acm) 

13.7 

18.7 

3.37 

11.9 

0.004 

15.1 

61.2 

(jNMtoNi  0/«/Uirr«p«iff) 

80.1 

218 

7.43 

45.6 

0.58 

149 

500 

rOpMlitM  npotuft 

103 

142 

22.9 

34.6 

3.64 

47.9 

354 

3.9S 

5.44 

0.88 

1,33 

0  14 

1.84 

n.6 

(Mwnt  afcurm) 

11.0 

15.1 

2.44 

3  69 

0.39 

5.10 

37.6 

carooa  oioiiae 

3.20 

/.Jl 

1.62 

3.Uj 

A  Oft 

0.97 

8.42 

26.6 

CiirtNMi  notKnklc 

(mlMcMf  ofihtmiont) 

26.2 

13.1 

8.44 

19  6 

6.96 

25.0 

99.2 

9tiintr  OKMucK 

12.7 

IJ.B 

4.68 

8.42 

1.56 

33.4 

74.6 

Oiidct  of  iiitrofen 

(iwrtfttw  ofiiort  lom) 

14.8 

16.2 

^•44 

9.74 

2.88 

220 

70.7 

ratieumc* 
(mtfttMif  ^  short  kmt) 

6.66 

9.73 

2.15 

7.81 

0.63 

34.2 

61.2 

Hydroctfboni 

(mtfftoMf    short  tons) 
Laod  ue 
(liiMkNtf  t^werts) 

I  V4 

1.83 

0  38 

2.14 

0  73 

3.35 

12.0 

15.7 

21.6 

4.0 

15.7  { 

0.007 

21.6 

79.0 

SoM  waite 

(mtfUoMf    lAorr  km) 

75,1 

243 

7  49 

50.2 

;      1.02  , 

168 

545 

Inuyill 

(itoMiaii^r  <i/ wicr) 

178 

214 

42.4 

74  6 

12.0 

118 

639 

PMiMm  tipotufe 

{ikommiM  af  mm-tfm) 

6.83 

8.23 

1.63 

2.87 

0.46 

4.53 

24.6 

SoM  MfMml  wastet 

1S.9 

22.9 

4.52 

7.95 

1  28 

12  6 

68.1 

Nntfly  in  tlic  text  of  rim  ditpief  uA.  matt  hiHy.  m  ClMpif  r  10 


factng  the  worM  it  that  convenient,  easily  trani> 
ported,  relatively  dean-buming  petroteum  and 
natural  gM  reaourcet  are  being  depleted.  As  these 
mourcea  become  increasingly  scarce,  a  tramition 
to  other  forms  of  energy  must  be  made.  How 
quiddy  the  transition  m  jst  be  made  depends  upcm 
how  much  oil  win  uhimateiy  be  recovered  and 
how  rapidly  the  oU  is  used. 


While  there  is  still  uncertainty  and  debate  over 
how  much  oil  will  ultimately  be  recovered,  esti- 
mates are  becoming  more  refined.  The  lack  of 
consensus  on  estimates  of  ultimately  rax>verable 
conventi<mal  i^rld  oil  resources  stems  (1)  from 
several  economic,  technical,  and  geologic  uncer- 
tainties that  are  not  likely  to  be  resolved  soon, 
and  (2)  from  a  failure  to  fully  utilize  Existing  public 
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informttion  about  world  oil  resources.  A  recent 
leport  nepared  for  the  Central  Ii^ 
by  Richard  Nehring  of  the  Rand  Corporatioh  pro* 
vktes  a  detailed,  publicly  avaUable  dacription  of 
the  known  recoverable  crude  oil  resources  of  the 
world  and  an  explicitly  reasoned  estimated  range 
of  uhimatehf  recoverable  conventional  crude  oil 
nMOurGes.*^ 

Hie  Nehring  report  focuses  on  the  relatively 
snail  number  of  giant  oU  fields,  defined  as  fields 
having  an  ultimate  recovery  of  300  mUlion  barrels 
or  more.  These  giant  oil  fields  contain  more  than 
7S  pMcent  of  the  known  recoverable  oil  resources 
of  the  world.  Their  comprehensive  examination 
provides  an  efficient  means  of  assessing  world  oil 
lesoMfces. 

After  a  lengthy  and  detailed  analysis,  Nehring 
coQchMlea'^  that  the  ultimate  recoverable  con* 
vesdooal  crude  oil  resources  of  the  world  are 
•Wigwhere  between  1,700  and  2,300  billion  bar* 
rris.^  Nehrings  **best  estimate*'  of  the  ultimately 

*  ThM  taraa      satiMatsd  prior  to  d^ 

rgaaiaBiU  10  be  one  of  ^  two  id  four  Mior  oil 

A^^*""""  NelrtM  t3ipocts  to  be  diaoovefid  and  devtl- 
Jte  Maileaa  gad  is  Isip,  pfobiMy  00  tiM  order  of  50- 
■ea  bsneli  ol  pairolsuai  (as  opfMasd  to  ••o«  equtva- 


recoverable  conventional  crude  oil  resources  of 
the  world  (i.e.,  the  middle  of  his  range)  is  2,000 
billicm  barrels.  The  global  distribution  of  this  re- 
source is  illustrated  in  Figure  13-10,  in  wtych  the 
shaded  areu  indicate  the  fractions  of  the  ulti- 
mately recoverable  crude  oil  resources  that  have 
afaeady  been  produced.  The  United  Statd  has 
produced  the  largest  fraction  of  its  crude  oil  re- 
sources (approximately  50  percent);  Canada, 
Mexko,  and  Western  Europe  have  produced  ret- 
atively  small  fractions  of  theirs. 

How  fast  will  the  world's  crude  oil  resources  be 
consumed?  This  question  cannot  be  answered 
with  precision.  As  Nehring  notes,  the  future  de- 
pletion rate  will  depend  on  (1)  the  pfoduction 
polides  of  OPEC,  (2)  the  development  of  tech- 
nokigy  for  oflUiore  Arctic  and  deepwater  ei^plo- 
ration  and  production,  and  (3)  the  existence  of 
the  necessary  economic  incentives  to  producers 
and  refinen.  However,  it  is  possible  to  estimate 
roughly  how  long  die  worid*s  crude  oil  it»KHirces 
will  last. 


lent  ).  This  anouet  ii  roughly  equal  to  10  perceat  of  the 
pMm  oNinately  reooverable  in  the  Middle  East  or  50 
psremt  of  the  oil  yet  to  be  produced  in  the  United  Sutea-nw 
about  3  pereent  of  the  uWmately  reooverlble  crude  oil  rt* 
aoums  of  the  world. 
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i  1^11.  PdMibSc  productkMi  rate  curvet  for  the^world*s  \  MXt)y  recoverable 
crude  oil  resources.  (M.  King  Hubbert  in  Qmgrmkmd  Reseanh  Servke,  Project 
laterdepeadettcc:  U.S.  and  World  Eaeify  Outlook  Throufh  1990,  Wothingion,  1977, 
p.  642) 


The  production  rate  curve  for  any  finite  re- 
source-Hnduding  crude  oil— has  a  bell  shape. 
The  production  rate  starts  at  zero  when  the  re- 
source was  first  tapped.'  The  curve  then  rises  as 
the  production  rate  increases.  Ultimately,  the 
curve  must  peak  and  return  tc  zero  as  the  oil 
resource  is  exhausted.  On  such  a  curve,  a  steep 
rise  in  the  real  costs  of  discovery  and  production 
can  be  anticipated.  The  total  area  under  the  curve 
must  equal  the  total  oil  ultimate^  economically 
recoverable.'" 

Using  2,000  billion  barrels  (Nehring*s  best  es* 
timate)  for  the  ultimately  recoverable  resource. 
Figure  13-1 1  illustrates  two  possible  shapes  of  the 
future  crude  oil  production  rate  curve  for  the 
world.  In  both  cases,  the-  total  area  under  the 
curves  is  equal  to  the  total  ultimately  recoverable 
conventional  crude  oil  resource  of  the  world 
(2,000  billion  barrels),  and  the  initial  portion  of 
the  curves  corresponcb  to  historic  experience.  The 
oymmetric  curve  rises  to  a  peak  about  1990,  de- 
cUning  thereafter.  The  second  curve  shows  that 
if  petroleum  production  were  held  at  about  197S 
rates,  the  dedine  in  production  could  be  post- 
poned for  about  two  decades.  The  symmetric 
curve  assumes  that  80  percent  of  the  world's  total 
ultimately  recoverable  conventional  rescnuces  are 
oonsuflMd  over  a  S8*year  period;  with  production 


limited  to  the  197S  rate,  80  percent  of  the  re- 
sources are  consumed  over  an  81«year  period. 

The  resource  aspect  of  the  worid*s  commercial 
energy  problem  is,  in  e^nce,  that  crude  oil  (and 
natural  gaS)  cannot  continue  to  grow  at  historical 
rates.  Figure  13--12  illustrates  the  problem  for 
crude  oil,  The  rapidly  rising  curve  continues  the 
growth  trend  experienced  in  the  19S0s,  60s,  and 
early  70s.  The  lower  curve  is  the  symmetric  pro- 
ducti(m  curve  (from  Fig.  13-11)  for  the  worid*s 
ultimately  recoverable  conventional  crude  oil  re- 
sources. The  rapidly  growing  gap  is  an  indication 
of  the  resource  aspect  of  the  world's  commercial 
energy  problem. 

The  EcoiUmUc  Problem.  The  economic  aspect 
of  the  world's  commercial  energy  proUen^  stems 
largely  from.the  observation that  GNP  and  en- 
ergy growth  have  been  correlated  in  the  past,  as 
illustrated  in  Figure  13-13  for  the  U.S.  The  con- 
cern is  that  (1)  if  GNP  measures  social  welfare 
and  (2)  if  growth  in  GNP  is  both  correlated  with 
and  caused  by  energy  growth,  reduced  energy 
growth  would  necessarily  affect  social  welfare  ad- 
versely. However,  there  are  many  reasons  to 
doubt  these  two  suRKHUtions.  It  is  well  known 
that  GNP  is  not  an  adequate  or  satisfactory  meas- 
ure of  social  welfare.  Furthermore,  there  is  wide 
variation  among  nations' and  regions  in  the  amount 
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U-ia.  Oeolofically  ettimated  globd  crude  oil 
production  rates  compared  with  oootumption  rates  pro- 
jected from  actua]  growth  over  the  1930-73  period.  The 
production  curve  is  from  Figure  13-M;  the  consumption 
curve  is  projected  from  historic  consumption  rates  over 
the  1900-73  period. 

of  GNP  (and  welfare)  produced  per  unit  of  energy 
used,*  and  the  hypothesized  causal  linkages  be- 
tween energy  use  and  GNP  (and  welfare)  are 
clearly  subject  to  varying  degrees  of  efficiency.  ^ 

•  A  study  prepared  by  the  MFTRE  Corporation  for  the  Dc 
pwtmcnl  of  Etwrgy  (Richard  J.  Kalagher  et  al..  "Nafional 
Environmental  Projection  No.  1. "  Dec.  1978,  p.  83)  forecasts 
that  by  1990  the  U.S.  economy  will  ge.ierate  $19  billion  of 
ONP  per  quad  (10 ''Btu)  of  cneray  supply,  up  about  19  percent 
from  the  1075  perfontitncc  of  $16  billion  GNP  per  quad  of 
energy  supply. 


Since  GNP  figures  include  the  value  of  services 
performed  in  cleaning  up  the  environment  as  well 
as  economic  activities  that  create  pollution,  social 
welfare  could  actually  increase  as  a  result  of  re- 
duced GNP,  at  least  to  the  extent  that  more  ef- 
ficient use  of  energy  could  reduce  the  polluting 
component  of  GNP  without  reducing  the  bene- 
ficial component,*  While  all  of  the  future  con- 
sequences are  still  not  entirely  clear,  the  social, 
economic,  and  environmental  consequences  of 
alternative  energy  paths  are  important  consider- 
ations in  projecting  an  energy  future. 

The  Technological  Options.  There  are  many 
ideas  as  to  how  the  United  States  and  other  na- 
tions might  best  respond  to  the  resource  and  eco- 
nomic aspects  of  the  world  energy  problem.  The 
most  widely  discussed  ideas  are  based  on  the  use 
of  increased  amounts  of  energy  derived  from  five 
primary  energy  sources:  coal,  oil,  natural  gas, 
nuclear  fission,  and  solar.  Increased  use  of  each 
of  these  primary  sources  has  environmental  im- 
pacts. These  impacts  are  described  briefly  in  the 
following  paragraphs. 

•  Coal  production  and  use  involve  serious  en- 
vironmental problems,  most  of  which  can  be  lim- 
ited through  control  measures. 

Worker  health  and  safety  is  a  special  concern 
with  coal.  Coal  mining  is  a  hazardous  occupation, 
even  when  careful  attention  is  given  to  maintain- 
ing a  safe  and  healthy  workplace.  Without  such 
attention,  frequent  accidents  and  a  high  incidence 
of  black-lung  disease  would  be  the  norm. 

Adverse  land  and  water  impacts  are  also  a  ' 
prime  concern.  Without  proper  controls,  syrfate 
mines  can  lead  to  large-scale  land  disnipUons. 
Natural  habitats  can  be  largely  destroyed,  and 
farmlands  can  be  rendered  unproductive.  The 
physiological  and  ecological  character  of  the  af- 
fected regions  can  be  markedly  changed.  Land 
subsidence  is  a  common  occurrence  with  deep 
miiies.  Water  pollution,  especial!y  acid  mine 
drainage,  is  associated  with  both  surface  and  un- 
derground mines. 

Without  adequate  controls,  coal  combustion 
can  release  considerable  amounts  of  air  pollu- 
tants, including  sulfur  dioxide,  nitrogen  oxides, 
particulates,  and  trace  metals.  These  pollutants 


Further  support  for  this  point  is  provided  by  the  forthcoming 
report  of  the  Demand  and  Conservation  Panel  of  the  National 
Academy  of  Sciences'  Com|nittee  on  Nuclear  and  Alternative 
Energy  Systems  (discussed  in  part  in  'U.S.  Energy  Demand: 
Some  Low  Energy  Futures/'  Science,  Apr.  14,  1978,  pp  142- 
52),  and  in  the  report  of  the  Energy  Project  at  the  Harvard 
Business  School  (Robert  Stoga'ugh  and  David  Yergm,  eds 
Energy  Future,  New  York;  Random  House.  1979). 
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Pkm  13-11,  Hiitorical  frowth  of  ONP  and  oommercitl  encrfy  use  in  the  United  Sutei,  1830-1976.  {VS. 
Statistical  AHtracts) 


can  produce  health  or  ecological  concerns  on  a 
local,  regional,  national,  and  sometimes  even  in- 
ternational scale. 

The  ecological  effects  assor  ited  with  acid  rains 
have  only  recently  become  of  widespread  con- 
cern. The  combustion  of  coal  and  other  fossil  fuelf 
produces  oxides  of  sulfur  and  nitrogen  that  acidif> 
rain  over  wic'^  areas.  (The  acid  rain  problem  is 
discussed  cx^  jnsively  in  the  water  section  of  this 
chapter.) 

Thto  CO*:/ ustton  of  coal  and  other  fossil  fuels 
releases  c%rh'  dioxide,  contributing  to  the  prob- 
lem of  lit  accumulation  in  th*;  atmosphere.  Global 
atmosphere  CO,  levels  have  already  increased  by 
aboi.t  10  percent  above  pre-industrial  concentra- 
tions, llie  global  consequences  of  continued  CO, 
buildup  are  noi  well  understood,  but  there  is  con- 
cern that  a  gradual,  inevctsible,  and  potentially 
dan^.  *^ous  change  in  the  world's  climate  could 
occur  ever  the  next  century  as  a  result  of  the 
**greenhouse^effect.**  (The  CO,  problem  is  dis- 
cussed extensively  in  the  climate  section  of  this 
chapter.) 

•  Oil  produces  environmental  impacts  that  are 
both  similar  to  and  different  from  those  produced 


by  coal.  The  environmental  hnpacts  associated 
with  the  combustion  of  oil  apd  <  are  generally 
similar,  but  on  a  per  unit  erie  sis  tend  to  be 
less  severe  with  oil.  The  comp  however, is 
not  completely  slraightforv/aird  br^use  pomfj  of 
the  impacts  are  not  fully  commensurable.  (The 
problem  of  comparability  becomes  more  acute 
with  energy  sources  that  are  even  more  dissimi- 
1^^— e.g.,  coal  versus  nuciear  energy.) 

fhe  most  prominent  generic  environmental  dif- 
ference between  coal  and  oil  con(^m  production 
and  trfinsportation.  The  problems  of  production 
and  transportation  of  oil  include  the  likely  dis- 
ruption of  some  pristine  areas  (such  as  the  arctic 
and  antarctic  regions),  the  possibility  of  blowouts 
dunng  the  exploration  and  drilling  phases,  and 
the  likelihood  of  major  spills  du.^  to  transportation 
accidents.  Ocean  transportation  by  supertanker 
is  of  particular  concern.  Over  the  last  decade, 
large  oil  spills  from  supertankers  have  become  a 
global  problem.  Chronic  oil  pollution  frorn  many 
sources,  land-  and  marine-based,  also  remains  ^ 
serious  concern. 

•  Natural  jas  produces  r'lbstantiaHy  let.  air 
pollution  per  unit  of  energy  than  either  oil  or  coal. 


ERLC 


421 


356 


THE  PROJECTIONS 


Being  giseous  under  normal  conditions,  it  poses 
less  risks  to  land  and  water  during  overlanfl  trans- 
port. Natural  gas,  however,  is  increasingly  l^ing 
liquefied  and  transported  yia  ocean  tankers.  In 
the  event  of  a  serious  accident  near  a  major  pop- 
ulation center,  a  tanker  filled  with  highly  volatile 
liquefied  natural  gas  poses  the  risk  of  a  disastrous 
fire  or  explosion. 

•  Nuclear  energy  raises  a  set  of  environmental 
concerns  that  are  largely  different  from  those  as- 
soaated  with  fossil  fuels.  Electrical  energy  gen- 
eration at  a  fuclear  power  plant  does  not,  for 
example,  directly  produce  conventional  air  pol- 
lution. Also,  due  to  the  comparativcJy  high  energy 
content  of  uranium  ores  that  are  presently  avail- 
able, much  less  land  is  disrupted  to  produce  a  unit 
of  energ>'  from  uranium  than  from  coal. 

Nuclear  power,  however,  does  have  several  in<- 
portant  societal  and  environmental  problems  as- 
sociated with  its  widespread  use.  These  include 
concerns  related  to  reactor  safety,  nuclear  waste 
disposal,  and  international  security. 

Nuclear  reactor  safety  is  a  continuing  issue.  The 
possibility  of  a  truly  catastrophic  accident,  in- 
volving a  reactor  meltdown  that  releases  consid- 
erable amounts  of  radiation  and  could  lead 
potentially  to  thousands  of  deaths  and  billions  of 
dollars  of  property  damage,  has  been  a  concern 
since  the  beginning  of  the  technology.  Elaborate 
safety  measures  with  several  levels  of  redundancy 
havt  been  developed  to  prevent  such  an  event. , 
Even  though  the  likelihood  of  a  major  accident 
at  a  carefully  designed,  maintained,  and  managed 
reactor  is  small,  its  precise  value  is  unc  ^rtain  and 
nonzero.  The  actual  degree  of  risks  under  various 
conditions  of  design,  maintenance,  and  manage- 
ment continues  to  be  the  subject  of  intensive  anal- 
ysis. Needless  to  say,  if  nuclear  power  plants  are 
not  subject  to  careful  design,  maintenance,  and 
management,  these  facilities  pose  far  greater  risks 
to  public  health  and  welfare. 

The  total  global  amounts  of  nuclear  waste  gen- 
erated by  reactor  operations  have  grown  steadily. 
Nuclear  waste  products  are  toxic,  highly  radio- 
active, and  long-lived.  Some  of  the  radioactive 
isotopes  in  nuclear  wastes  remain  dangerously 
radioactive  for  hundreds  of  thousands  of  years, 
a  period  many  times  longer  than  recorded  history. 
Safe  disposal  will  require  extended  containment 
in  sites  that  are  stable  over  geological  periods  of 
time.  Many  disposal  technique^  have  been  pro- 
posed but  none  has  yet  been  established  as  fully 
satisfactory.  Research  aimed  at  resolving  this 
problem  must  receive  greater  attention  than  in 
the  past.  * 
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Nuclear  power  may  also  increase  the  risk  to 
world  security,  both  through  the  possibility  of 
added  vulneraUlity  to  terrorist  actions  and  through 
its  potential  for  accelerating  the  proliferation  of 
nuclear  weapons.  Acts  of  vandalism  and  sabotage 
to  nuclear  power  plants  have  been  reported  in 
several  countries.  While  no  radioactive  releases 
due  to  such  attacks  have  been  reported  so  far,  this 
possibility  remains  a  serious  concern.  Nuclear 
power  may  also  accelerate  weapons  proliferation. 
The  spread  of  sensitive  facilities  (e.g.,  enrichment 
and  reprocessing  plants)  can  result  in  direct  access 
to  weapons-usable  materials.  To  date,  the  tech- 
nology for  enriching  uranium  and  separating  plu- 
tonium  from  spent  fuel  has  been  tightly  controlled 
and  limited  almost  exclusively  to  those  nations 
already  possessing  nuclear  weapons.  However, 
this  situation  may  change  in  the  future  if  more 
nations  seek  to  acquire  enrichment  and  reproc- 
essing facilities.  The  widespread  use  of  ^  lutonium 
and  highly  Ariched  uranium  would  increase  the 
availability  of  both,  and  thereby  also  increase  the 
risk  of  further  proliferation  of  nuclear  weapons 
throughout  the  worid  while  offering  no  substantial 
advantage  over  the  continued  use  of  low-enriched 
uranium  in  the  nuclear  energy  facilities  of  those 
nations  that  do  not  now  have  nuclear  weapons. 
Furthermore,  a  substantial  disadvantage  could 
occur  in  that  a  proliferation  of  nuclear  weapons 
capability  would  diminish  world  security  and  in 
turn  threaten  the  energy  security  of  all  nations. 

•  Solar  energy  is  available  in  several  forms,  in- 
cluding hydropower,  wind  power,  organic  mate- 
rial (biomass),  ocean  thermal  energy  conversion, 
and  direct  sunlight.  Its  environmental  problems 
vary  markedly  both  in  kind  and  in  degree  from 
one  technology  to  another.  Even  for  a  given  tech- 
nology, the  environmental  implications  depend 
on  the  scale  of  the  facility  and  on  site-specific 
factors. 

Hydro  facilities  that  generate  electricity  usually 
generate  from  a  few  kilowatts  to  thousands  of 
megawatts.  Environmental  concerns  associated 
with  hydropower  include  the  disruption  of  river 
flows  and  aquatic  life,  flooding  of^and  and  wet- 
land habitats,  potential  public  health  problems 
related  to  ecosystem  changes,  and  possible  long- 
term  effects  on  agricultural  production  at  those 
locations  where  the  reservoir  is  used  for  irrigation. 

Energy  production  via  large  and  small  wind  sys- 
tems  also  raises  a  number  of  minor  but  conse- 
quential environmental  concerns.  These  include  • 
safety  problems  associated  with  blade  or  tower 
failure,  worker  and  neighborhood  exposure  to 
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noise,  electromagnetic  inteiference,  and  windmill 
•esthetics^ 

The  potential  environmental  problems  associ- 
ated with  increased  reliance  on  biomass  could  be 
severe.  As  noted  elsewhere  in  this  Stuoy,  LDCs 
have  been  particularly^  subject  to  the  overuse  of 
biomass  for  basic  energy  needs.  Tlie  problems  in 
some  LDCs  include  widespread  defore^ation  and 
the  loss  of  essential  nutrients  due  to  the  use  of 
animal  wastes  to  meet  domestic  energy  require* 
ments.  These  problems  are  already  very  critical 
in  some  countries  and  may  become  even  more 
critical  in  the; future. 

By  comparison,  the  use  of  bioenergy  in  indus- 
trialized countries  appears  to  pose  problems  of 
considerably  smaller  magnitude.  These  include 
the  possibility  of  small-  to  moderate-scale  ecolog- 
ical effects  due  to  the  development  of  intensive 
biomass  ''farms/'  air  pollution  associated  with  the 
increased  use  of  fuelwood,  and  air  and  water4K>l- 
lution  associated  with  the  production  of  liqi^d  or 
gaseous  fuels  from  biomass. 

Ocean  thermal  energy  conversion  (OTEC)  sys- 
tems pose  several  environmental  problems  (see 
"The  Projections  and  the  Marine  Environment** 
above),  whose  nature,  magnitude,  and  effects  are 
still  somewhat  uncertain.  Three  unexplored  areas 
provide  the  source  of  this  uncertainty.  First,  the 
technology  is  evolving  rapidly  and  is  subject  to 
substantial  modifications.  Second,  the  specific 
nature  of  the  impact  of  OTEC  facilities  in  an 
ocean  environment  is  not  well  understood.  Third, 
the  aggregate  environmental  impact  of  an  OTEC 
''farm**  is  unknown.  The  most  important  concerns 
identified  so  far  include:  the  need  to  avoid  ecology 
sensitive  areas  by  proper  site  selection;  displace- 
ment of  sufficient  oceanic  water  to  alter  the  tem- 
perature and  chemical  characteristics  of  the  marine 
environment;  entrainment  and  possible  destruc- 
tion of  marine  organisms;  and  corrosion  of  me- 
tallic surfaces,  which  could  lead  iO  the  buildup  of 
toxic  substances  in  the  marine  food  chain. 

llie  potential  methods  of  harnessing  direct  so- 
lar radiation  range  from  large-scale  electrical  gen- 
erating installations  to  small-scale  applications  for 
home  space  heating,  hot  water,  and  electricity. 
The  vast  majority  of  the  applications  appear  to 
be  relatively  benign  environmentally.  Most  of  the 
environmental  impacts  are  typically  associated 
with  the  production  of  equipment  rather  tlian  op- 
eration. Large-scale  solar  ''power  towers**  and 
solar  cells  in  space  to  generate  microwave  power 
beamed  to  earth  are  possible  exceptions.  Ongoing 
research  is  aimed  at  the  better  identification  of 
the  environmental  effects  associated  with  these 
and  other  systems. 


Given  these  primary  sources  of  energy— coal, 
oil,  natural  gas,  nuclear  fission  4nd  solar — there 
are  a  wide  spectrum  of  mixes  under  consideration 
by  nations  around  the  world  as  p^issible  solutions 
to  their  energy  problems.  The  spectrum  ranges 
from  heavy  dependence  on  nuclear  energy  and 
nonrenewable  fossil  fuels  (especially  coal)  with 
minimal  attention  to  the  productivity  and  effi* 
ciency  of  energy  use  on  the  one  hand,  to  heaVy 
emphasis  of  renewable  resources  (especially  the 
various  forms  of  solar  energy),  increased  produc- 
tivity (i.e.,  end-use  conservation),  and  increased 
efficiency  in  the  energy  sector  (i.e.,  thermody- 
namic matching  of  energy  source  to  end-use  re- 
quirements*) on  the  other.  These  two  extremes 
of  the  solution  spectrum  are  now  widely  refer- 
enced to  as  the  "hard**  and  the  *  soft**  paths.** 

The  hard  path/soft  path  dichotomy  is  a  conve- 
nient means  of  capsulizing  the  range  of  environ- 
mental impacts  that  may  be  expected  from  energy 
development  in  the  decade  ahead.  While  both  the 
hard  path  and  the  soft  path  have  environmental 
impacts,  their  relative  difference  in  emphasis  on 
conservation,  productivity,  efficiency  and  renew- 
able/nonrenewable  sources  leads  to  very  different 
environmental  impacts.  For  a  time,  the  most  com- 
plete comparisons  of  h^rd  and  soft  path  scenarios 
were  provided  bv  the  writings  of  Amory  Lovins^ 
and  his  critics,^  but  a  nmnber  of  additional  stud- 
ies are  now  available.  Most  of  the  new  studies  are 
not  strictly  hard  path  or  soft  path  studies,  but  are 
definitely  closer  to  one  end  of  the  soectrum  or  the 
other.  Tlie  discussion  that  follows  relates  these 
studies  to  the  hard  and  soft  path  concepts  and 
compares  environmental  consequences.  Finally, 
the  range  of  energy-related  environmental  im- 
pacts that  might  be  experienced  globally  in  2000 
is  considered  briefly  in  light  of  the  comparison. 


The  Hard  Path 

Studies  of  hard  path  options  abound.  The  dis- 
cussion here  is  limited  to  two.  The  first  is  the  work 
of  the  World  Energy  Conference  (WEC).  which 


•  The  degree  to  which  the  energy  industry  requires  prtmapr^ 
energy  to  deliver  end-use  energy  for  the  needs  of  society  is 
illustrated  by  the  example  of  converting  coal  to  another  form 
of  energy,  namely  electricity.  If  three  lumps  of  coal  are  burned 
in  a  thermal  power  plant  to  generate  electricity,  the  energy 
sector  of  the  economy  loses  the  energy  from  two  lumps  of  cool 
as  waste  heat.  Similar  losses  occur  in  the  conversion  of  coal  to 
synthetic  fuels.  Such  ineffidenctes  in  the  energy  sector  can  be 
minimized  by  matching  thermodynamically  the  quality  of  the 
energy  delivered  to  the  quality  of  the  energy  noeded  for  the 
performance  of  particular  end  uses. 
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provides  what  is  probably  the  most  complfte 
global  hard  path  scenario  yet  developed,  but  has 
only  a  very  limited  environmental  analysis.*  The 
second  is  U.S.  national  energy  scenario  developed 
by  the  U.S.  Department  of  Energy.  The  envii^n- 
mental  implications  of  the  DOE  scenario  ht^Te^ 
been  analyzed  much  more  fully  than  thv  WEC 
scenario. 

The  World  Energy  Conference  Study,  The  rel- 
atively hard  path  scenarios  developed  by  the 
WEC  anticipate  significant  growth  in  both  coal 
and  nuclear.  The  WEC  analysis.t  noting  that  ul- 
timately production  regulates  demand,  projects 
potential  world  primary  energy  production  in  2000 
at  690  exajoules  {EJ).5  The  potential  production 
mix  is  as  follows,  coal,  170  EJ;  oil,  195  EJ;  gas, 
143  EJ;  nuclefer,  88  EJ;  hydraulic,  34  EJ;  uncon- 
ventional  oil  and  gas,  4  EJ;  renewable  solar, 
geothermal»  ?nd  biomass,  56  EJ.*' 

The  WEC  presents  a  range  of  energy  demand 
projections  for  2000.  All  of  the  jirojecticps  are 
based  on  assumed  rates  of  economic  grow  ^nd 
assumed  elasticities  of  ener'^y  use  relative  xo  in- 
come and  price.  High  growth  ("H")  cases  and  low 
•growth  {*  V)  cJses  were  developed  using  the  fol- 
lowing assumed  annual  economic  growth  rates: 


High  growth 
Low  growth 


OECD 
Nations 

37 

2.8  * 


Centrally 
Planned 
Economies 
4.5 

3J 


Less 
Developed 

Countries  World 

5.3*  4.1 

3.8  •  3.0 


The  mcome  and  price  elasticities  vary  from  case 
to  <»se.  The  high-growth  case  H3  includes  only 
the  impact  of  a  significant  price  response  and  re- 
sults in  a  dwiand  of  about  680  EJ  (646  quad)  in 
2000— an  increase  of  a  factor  of  two  over/«iergy 
use  irt  1972  (the  study's  base  year).  The  H5scen- 
ario  includes  not  only  tne  high  price  u  sponse,  but 
also  oil  utilization  consuaints  and  vigorous  con- 
servation measure;^,  which  exceed  the  normally 
expected  consumer  response  u  b^^^tt  energy 
prices.  The  H5  assumptions  result  in  i  demand 
of  about  560  EJ  (532  quad)  in  2000-an  increase 
of  about  a  factor  of  1.7  over  1972  ust.  The  low- 
growth  case  L4  assumes  a  high  price  response, 
further  oil  constraints,  fuither  conservation  meas- 


•  The  Kenariot  devetopecTby  WorS^  on  Alternative  En- 
eigy  Strategiet  (WAES)  might  also  have  been  considered  here, 
but  they  exchide  nationt  having  centrally  planned  economies 
and  have  no  more  environment^J  analysts  than  the  WEC  work . 
t  The  WBC  pfojectkms  exveod  to  2020,  but  to  fadyute  com- 
pariioa  with  other  figures  in  this  report,  the  WEC  figures 
preatJted  here  are  the  ones  for  2000. 
1 1  £1  «  10^  joules  -  0.93  x  10^  Btu  «  0.95  quad. 


ures,  and  the  use  of  oil  primarily  for  premium 
uses.  The  L4  assumptions  result  in  a  demand  of 
about  520  EJ  (494  quad}— an  increase  of  about 
1.5  times  over  1972  use."* 

The  Worid  Energy  Conference's  consideration 
of  environmental  constraints  is  conHned  to  one 
page  in  its  current  work.**  This  brief  discussion 
recalls  for  the  reader  tfie  assumption  in  the  WEC 
analysis  that  current  envirorfmental  and  antipol- 
lution standards  will  remain  unchanged.  The  dis- 
cussion continues  by  noting  that  of  course  standards 
will  change;  anu  because  "in  the  case  of  an  emer- 
gency an  ample  supply  of  energy  is  given  a  higher 
priority  th^in  at  least  the  more  marginal  concern 
for  the  environment,  ...  we  believe  that  proper 
measures  to  prevent  energy  shortages  should  form 
a  part  of  a  comprehensive  and  responsible  envi- 
ronmental policy." 

The  WEC  environmental  assessment  continues, 
'it  is  often  said  that  the  least-polluting  joule  is 
the^ne  never  produced^This^  is-not^ieccssarily^ 
true.  In  fact  many  antipollution  measures,  adopted, 
or  proposed,  require  the  use  of  mofT^energy 
rather  than  less."* 

The- WEC  concludes  its  environmental  discus- 
sion with  a  call  for  more  environmental  analysis. 
It  should  be  noted  that  environmental  consider- 
ations are  one  of  the  three  major  topics  on  the 
program  of  the  next  WEC  conference.  ^ 

The  DOE  hard  path  scenario.  The  Department 
of  Energy  recently  contracted  with  the  MITRE 
Corporation  to  analyze  the  environmental  impli- 
cations of  a  DOE  scenario  that  lies  close  to  the 
hard  end  of  the  spectrum  of  energy  paths.  The 
scenario,  known  as  Projection  Scries  C,  is  ope  of 
a  set  developed  by  DOE's  Energy  Information 
Administration  and  reported  in  the  Administra- 
tion's annual  report.  In  Table  lS-37,  Projection 
Series  Q*  is  compared  with  the  original  definition 
of  the  hard  path.  While  there  is  a  close  corre- 
spondence between  the  scenario  and  the  defini- 
tion, this  is  not  the  Jftwle^f  of  the  scenarios 
being  considered  by  BOE.  Tlie  DOE-sponsored 
MITRE  analysis''^  describes  this  scenario  as  a 
"business-as-usual"  scenario,  characterizing  "a 
middle  range  of  energy  futures  likely  to  result  if 


Since  the  above  was  written,  DOE  has  published  a  similar 
environinenu!  analysis  of  National  Energy  Plan  II  (NEP-II) 
The  NEP-n  scenario  for  Wpriced  oil  ($2l/bbl  in  2000)  is 
based  on  the  identical  average  annual  growth  rate  in  primary 
energy  conversion— 2.82  percent  per  year.  The  NEP-II  seen- 
ano  for  high-priced  oU  ($38/bbl  in  2000)  has  a  slighUy  glower 
average  annual  growth  rate  in  primary  energy  conversiorh- 
2.60  percent  per  year. 
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policies  in  existence  prior  to  the  passage  of  the 
National  Energy  Act*  are  ^continued. 

The  DOE-MITRE  analysis  of  Pro  lion  Series 
C  is  based  on  present  and  anticipated  environ- 
mental regulations,  many  of  which  are  under  at- 
tack or  in  question.  Among  these  regulations,  the 
air  and  water  quality  regulations  are  particularly 
important,! 

Based  on  these  and  other  assumptions,  the 
DOE-MITRE  report  presents  a  mixed  and  incom- 
plete picture  through  1990  of  the  U.S.  environ- 
mental future  implied  by  the  Projection  Series  C 


*De regulation  provided  for  in  the  Nfttional  Energy  Ac:  will 
graduaUy  raise  the  cost  of  domestic  oU  and  gas  to  world  pHce 
levels,  but  will  not  significantly  alter  the  basic  strategy  chir- 
acteristic  of  Projection  Scries  C. 

tTbe  MITRE  analysts  (pp.  19, 59-60)  describes  its  assumptions 
about  these  regulations  as  follows: 

"The  1970  Qean  Air  Act  Amendments  to  the  Air  Quality 
Act  of  1967  ('Dean  Air  Act*)  provide  the  legislative  basis  fo: 
most  environmental  regulations  and  assumptions  used  in  th's 
section  of  the  report.  The  Clean  Air  Act  stipulated  that  the 
federal  government  set  National  Ambient  Air  Quality  Stand* 
aids  (NAAQS)  for  five  pollutants:  total  suspended  particu* 
lates,  sulfur  dioxide,  nitrogen  dioxide,  ^ycirocarbons,  and 
carbon  monoxide.  Each  state  was  then  required  to  develop 
and  submit  a  State  Implementation  Plan  (SIP)  to  the  Envi- 
ronmental Protection  Agency  (EPA)  Administrator.  The  SIP 
specifies  strategies  to  achieve  the  level  6f  air  quality  established 
by  the  NAAQS  for  individual  polluting  categories  in  all  regions 
of  the  sute.  EPA  also  set  New  Source  Performance  Standards 
(NSPS)  for  selected  industrial  categories.  Compliance  with 
both  the  SIP  and  NSPS  is  assumed  in  the  environmental  fore- 
casu  of  this  report /although  full  compliance  with  SIP  stand- 
ards b  not  assumed  until  1985.  It  is  assumed  tltat  new  sources 
coming  on  line  after  1975  meet  EPA's  original  NSPS  standards 
until  the  revised  NSPS  regulations  of  the  Oean  Air  Act 
AiAendments  of  1977  become  eff^ve. 

.  .The  revised  NSPS  regulations  require  the  use  of  the 
*Best  Available  Control  Technology*  (BACT)  for  new  major 
emining  facilities.  This  BACT  requirement  has  been  simulated 
for  new  coal-fired  electric  utilities  (projected  to  be  operational 
in  1984  or  later)  and  new  industrial  boilers  (initiated  in  1981) 
or  later).  .  .  . 

*Tttle  II  of  the  Clean  Atr  Act  (as  amended  in  August  1977) 
specifies  emission  limits  (in  grams  of  pollutant  per  vehicle  mile 
traveled  over  the  lifetime  of  a  vehicle)  for  mobile  pollution 
sources  These  emission  limits  have  been  translated  by  EPA 
into  emission  facton  (also  expressed  in  grams  per  miK')  which 
account  for  increasing  pollutant  emissions  as  the  vehK^e  ages. 
,  In  several  cases,  the  emission  factors  for  new  vehicles  are  !ower 
than  the  emission  limits  set  because  increasing  emissions  due 
to  vehicle  deterioration  are  accounted  for  by  increasing  emis- 
sion factors  over  tirtie.  ...  The  Federal  Water  Pollution  Con- 
trol Act  stipulated  that  the  Environmental  Protection  Agency 
(EPA)  develop  industry-specific  guidelines  limitmg  releases 
of  major  pdhiUnu.  .  .  .  The  effluent  limitations  developed 
by  EPA  set  two  l^veb  of  guidelines:  'Best  Practicable  Tech- 
nology' (BPT)  currently  available,  to  be  met  by  July  1. 1977; 
and  ^Best  Available  Technology'  (BAT)  economically  achiev- 
able, to  be  met  by  July  1,  1983.  This  DOE-MITRE  study 
assumes  that  100  percent  industrial  compliance  with  BPT 
standards  will*  be  acl)teved  m  1979,  and  with  BAT  standards 
by  1985." 


hard  path  scenario.  The  treatment  of  air  pollution 
covers  most  of  major  energy  related  pollutants: 
sulfur  oxides,  hydrocarbons,  carbon  monoxide, 
nitrogen  oxides,  hydrocarbons  and  particulates, 
but  omits  carbon  dioxide*  The  discussion  of 
water  pollution  covers  total  dissolved  solids  and 
nitrogen  discharges.  Water  consumption  is  pro- 
jected, but  no  indications  of  land  disruption  and 
loss  by  mining  (especially  coal  strip-mining  and 
uranium  mining)  are  provided.  Solid  wastes  (es- 
pecially scrubber  sludge  and  ash)  are  projected, 
but  nuclear  wastes  and  radiation  associated  with 
the  nuclear  fuel  cycle  are  not  Despite  its  limita- 
tions, this  is  one  of  the  broadest  znd  most  com- 
plete environmental  assessments  yet  provided  by 
DOE  in  its  energy  scenarios  and  strategies,  t  The 
principal  findings  are  exerpted  briefly  below. 
According  to  the  DOE-MITRE  report,  the  en- 


Thc  major  importance  of  carbon  dioxide  to  the  formulation 
of  energy  policy  is  discussed  in  a  recent  report  sent  by  four 
saentistt  to  the  Council  on  Environmental  Quality  (George 
M.  Woodwell,  Gordon  J.  MaoDonald^oger  Revelle,  and  C 
David  Keeling,  "The  Carbon  Dioxide  Problem:  Implications 
for  Policy  in  the  Management  of  Energy  and  Other  Re- 
sources,"  Washington:  Council  on  Environmental  Quality, 
July  1979). 

t  There  is  wide  variation  in  the  extent  to  which  environmental 
consickrations  have  been  included  in  major  domestic  and 
world  energy  studies.  In  the  U.S.,  for  example,  the  Federal 
Energy  Administration's  1974  Frojtct  Independence  Report 
included  a  brief  15-page  environment  assessment  (Chapter  4), 
addressing  a  wide  range  of  environmental  impacu  associated 
with  sik  scenarios  fpr  $7  and  $11  oil,  but  without  much  inte* 
gration  and  synthesis.  The  1974  report  of  the  Ford  Founda* 
tion's  Energy  Policy  Project  (A  Time  to  Choose,  by  S.  David 
^reenuu)  et  al.,  Ballinger,  1974)  anticipated  higher  oil  prices, 
and  included  ■  reasonably  thorough  environmental  assessment 
in  its  analysts  of  alternative  energy  policies  (p.  179).  T6e  1977 
Congressional  Research  Service  report  Profect  Interdepend- 
ence discusied  briefly  the  environmental  constrainu  associated 
with  various  possible  energy  sources:  The  National  Academy 
of  Sdence's  Implications  of  Environment^  Reguiations  for 
Energy  Production  and  Consumption  (1977)  is  very  detailed 
on  those  environmental  impacts  now  being  regulated  in  the 
U.S.  ^ 

The  National  Energy  Plan  (Executive  Office  of  the  Presi- 
dent, 1977)  integrates  general  environmental  considerations 
at  many  points,  but  specifics  are  limited.  The  Department  of 
Energy  did  not  prepare  an  environmental  impact  statement 
for  the  plan,  but  an  "environmental  assessmeiit  statement"  is 
expected  to  be  released  in  1979  (John  Pearson,  Energy  Infor- 
mation Administration,  personal  communication,  1979).  In 
May  1979^D0er  submitted  a  revised  National  Energy  Plan 
(NEPip'ttfCongress, containing  an  appendix.  Environmental 
Trends  and  Impacts,  that  a<^lrnses  the  environmental  con- 
sequences of  the  revised  plan  and  its  energy,-pficing  proposals, 
similar  in  scope  to  the  DOE-MTTRE  report  discussed  in  the 
text  above. 

Outside  the  U.S..  tlierd  is  also  wide  variation  in  the  ways 
in  which  energv  and  environment  are  considered.  The  Sec- 
retariat for  Future  Studies  in  Sweden  hu  ^^roduced  two  reports 
on  energy  that  contain  extensive  and  integrated  consideration 
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TABLE  13-37 

CompwiMHi  of  the  Hard  Pith  OeflnHioa  and  the  Energy  Infonnation  Administratioo's 

Projection  Series  C 


Hard  Path  Definition 


Projection  Series 


Twin  foab:  wtaining  growth  in  energy  con- 
MMBption  (atfumed  to  be  dmely  and  cauuUy 
linked  to  GNP  and  to  social  welfare)  and 


muumiztng  oil  imports 


Rapid  exptmion  of  the  coal  sector  (mainly  coal 
strifhrnined  and  converted  into  electricity  or  syn> 
thetk  fuels). 


lUpid  expansion  of  the  oil  and  ps  sectors  (in- 
creasiAfly  from  arctic  and  offshore  wells). 


Rapid  expansion  of  the  nuclear  fusion  sector 
(especially  to  fast  breeder  reactors). 

^dnited  or  no  use  of  solar  and  conservation  tech- 
ndofies. 


The  Projection  Series  C  scenario  projects  the  following  trends  in  macroccon- 
omic  and  energy  consuif^ion: 

/975       19S5  1990 


132 
70.6 


1,803 
94.6 


2.017 
108.5- 


GNP  {biUkms  of  1972  dollars) 
Energy  consumption  {quadrillion  Bm) 

Increased  petroleum.imports.  The  costt  of  production  ^nd  distribution  for  all 
energy  sources  except  oil  and  gas  were  held  constant  by  the  Energy  Infor- 
mation Admintstratioir.  Qianges  in  oit  and  gas  costs,  however,  are  induced 
through  alternative  assumptions  regardmg  their  physioil  availability.  The  Pro- 
jection Series  C  case  postulates  a  constant  real  price  of  imported  oil  of  $15.32 
per  barrel  in  1978  dollars. 

Cod  productioa,  particularly  In  the  West,  wiU  increase  dramatical 
mcreased  demand  brought  about  l>y  higher  (po8t-1973)  prices  of  oU  and  gas, 
particularly  for  electricity  generation.  Electricity  sales  wiU  grow  «t  4.8  peicart 
per  year,  rather  than  the  historic  7  percent,  reflecting  saturation  of  air  con- 
ditioning and  major  apptiances  that  induded  high  rates  of  peftetration  during 
die  19(01.11118  is  oonistent  with  the  5  pereent  growth  from  1970  to  1976  and 
4.2  percent  from  1976  to  19r7.  ^ 

Increased  oil  imports.  Domestic  oil  production  will  increase  llightly  ov<>r  cur- 
rent levels  becauj(  of  the  development  of  Alaskan  oil  fields  and  the  outer 
continental  shelf.  Lower  48  production  of  natural  gas  will  continue  to  decline, 
although  less  rapidly,  after  Alaskan  North  Slope  gas  distribution  systems  are 
completed.  Fuel  shares  in  the  industnal  economic  sector  indicate  a  shift  from 
gas  to  oil  and,  to  a  lesser  extent,  to  electricity,  reflecting  declining  gas  supplies. 

Large  increases  in  nudear  power. 

Solar  technologies  are  not  expe^ed  to  contribute  significantly  to  total  energy 
supply  through  1990.  The  key  elemenu  in  supply-demand  patterns  through 
1990  are  assumptions  about  ftie  degree  of  energy  conservation  in  general  and 
of  oil  and  gas  in  particular,  as  a  result  of  economic  presssures  and  mandatory 
conservation  measures  introduced  19(73.  One  examy^  of  such  measures  is  the 
imposition  of  fuel  efficiency  standards  for  automobiles. 


ler.  1977.  f  26  Pra)cctiofi  Scnci  C-^^ikdkatd 


i  fiM^n  m     "Watioiiii  Eawmniinl  Imptel  hojwtkw  No  I.  *  McUwi.  Vt..  MrfRE  Cdtp  .  I)ec.'l97S.  pp  1.150 

'Conpift  Ikt  DtpivtMMl  «i  EiWfSJr'i  projcctkM  for  iflc  OloM  2000  Study.  «Mi  has  the  U  S  conwimmg  lOOqMdrUlKm  Btus  in  I9W  (TaMe  13-3^) 


a  eavironmental  hnpacts  ("Energy  and  Society:  Conceptuah 
Ontliae  Introducing  a  Futures  Study,"  Dec.  197S;  and  KUans 
Lteorotb  ^  al.,  £>Mfxy  in  TrmuiHon:  A  Report  on  Energy 
MkjmiFkmn  Optiom,  Mar.  1977).  TTic  im  Worid  En- 
ergy  Onthok:  A  Remessment  of  Long-Term  Energy  Devei- 
^piii«yN»  Ml  ilclMiftf  IWickf ,  prep 
for  Eaooonic  Cooperation  and  Development,  does  not  ex- 
/  pikitly  oonaider  the  cnrironmental  dimension  of  enem 
J  PictB.Theleii%npoftoftheWofkaiio^ 

(Entrgy:  Clobni  rroepecn  /5«W«»,  McOraw-HiQ,  1977) 
coocfadae  its  consideraffbn  of  envirooment  in  less  than  two 
pafM  (p.  41).  The  global  eaeiBy  analysis  woric  of  the  Inter- 
national laatitule  of  Applied  Systems  Analysis  is  oriented  pri- 
aNMfily  MNmd  aodttomk  and  rcaouroe  oonsiderati^ 
ODMia  a  Mmiied  anviroamental  dimension  (see,  for  example, 
W.  HiiBia,  **Eaargy  Opiiona  Open  to  Mankind  Beyond  the 
IWn  of  thn  Getttuiy,"  International  CeiiLefence  on  Nuclear 
romr  and  Ftel  Cyde,  Schlossburg,  Austria,  May  1977; 
and  HHila  and  W.  Sassin,  **The  Global  Energy  System," 
AmmtLRtpkw  of  Energy,  vol.  2. 1977). 


The  international  environmental  group  Friends  of  the  Earth 
has  published  books  on  world  energy  strategies  (Amory  B. 
Lovins,  World  Energy  Simtegia:  Font,  Issua  nnd  Options, 
BaOijger,  1975)  non-nuclear  energy  options  (Lovins  and  John 
H.  Price ,  NonNudear  FUtum:  The  Out  for  m  Ethkal  Energy 
Strmegy,  BaUinger,  1975),  and  soft  energy  paths  (Lovins,  Sofl 
Energy  t  aths:  Towmrd  a  DtirMe  Peace,  BalUnger  1977),  aU 
of  whidi  contain  general  but  not  highly  detailed  considerations 
of  social,  political,  and  physical  environments.  The  Rockefel- 
ler Foundation  sponsored  World  Energy  Survey  by  Ruth  Leger 
Sivard  (World  Priorities,  Leesburg,  Va.,  1979)  contains  a  brief 
environmental  discussion.  The  various  reports  of  the  World 
Energy  OMrferenoe  (WEQ  contain  nothiog  on  the  environ- 
mental aspects  of  energy  issues  (Robert  j.  Raudebaugh,  £x- 
Mitive  Director  of  WECs  U.S.  National  Committee,  personal 
communication,  Feb.  15, 1979).  The  WEC,  however,  plans  to 
inchide  environmental  considerations  in  two  of  die  four  major 
program  divisions  at  its  1980  meeting  (11th  Worid  Energy 
Conference,  "Energy  for  Our  Worid,"  Technical  Pro- 
gram with  Instructions  for  Authon,  1979). 
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vironmental  implications  of  the  Projection  Series 
,  C  hard  path  scenario  are  as  follows: 

•  Little  or  no  improvement  is  shown  for  sulfur 
oxide  (SOJ  emissions.  All  improvements  occur 
by  1985  when  it  is  assumed  that  standards  for 
existing  sources  will' have  been  met.  If  SO, 
emissions  are  to  be  reduced  by  1990,  the  retire- 
me^nt  of  old  plants  must  be  accelerated  or  the 
standards  tightened, 

•  Large  increases  in  nitrogen  oxide  (NOJ  emis- 
sions are  anticipated.  Throughout  the  torecast 
period,  combustion  activity  (primarily  by  elec* 
trie*  utilities)  is  responsible  for  the  majority  of 
SO,  and  NO,  releases. 

•  Significant  national  reductions  are  expected  by 
1990  in  the  emissions  of  particulates,  hydrocar- 
bons, and  carbon  monoxide. 

•  Large  increases  in  dissolved  solids  (especially 
sulfates,  creating  acid  problems)  are  ^ic}- 
pated. 

•  Little  or  no  improvement  is  shown  for  point- 
source  nitrogen  release.^:  to  water. 

•  Significant  national  reductions  are  expected  by 
1990  in  point-source  discharges  of  major  water 
pollutants  such  as  biochemical  oxygen  demand, 
suspended  solids,  total  phosphorus,  and  nu- 
merous metals. 

•  Large  increases  in  ash  and  scrubber  sludge  are 
anticipated. 

•  High-Btu  gasification  of  coal  is  expected  to  pro- 
duce maior  increases  in  cyanide  releases  in  re- 
gions with  gasification  plants  unless  zero  discharge 
regulations  are  imposed. 

•  Thermal  discharges  are  not  calculated,  but  large 
increases  in  water  consumption  for  evaporative 
cooline  are  anticipated.  Both  utilities  and  other 
manufacturing  industries  contribute  substan- 
tially to  increased  water  consumption  by  1990. 
The  increasing  role  of  nuclear-powered  gener- 
ation is  a  factor  in  this  increase.  Development 
of  both  energy  and  manufacturing  activity  may 
be  seriously  limited  by  existing  or  antiapated 
water  shortages  in  several  regions  of  the  coun- 
try. 

The  DOE-MITRE  report  does  not  address  the 
following  energy-related  environmental  consid- 
erations: 

•  Land  losses  to  facilities  development,  uranium 
mining,  and  strip-mining  are  not  calculated  or 
discussed. 

•  Nuclear  wastes  and  radiation  from  the  nuclear 
fuel  cycles  are  not  calculated  or  discussed. 

•  Occupational  safety  and  health  issues  are  not 
addressed. 

When  the  environmental  trends  are  viewed  at 
the  regional  and  local  levels,  the  picture  reveals 


impacts  that  are  otherwise  masked  by  the  national 
trends.  Figure  13-14  summarizes  the  most  signif- 
icant energy-related  regional  impacts. 

The  DOE-MITRE  report  describes  the  envi- 
ronmental trends  from  the  Projection  Series  C 
hard  path  scenario  as  ''a  middle  ground  of  likely 
environmental  futures''  for  the  U.S.  How  typical 
might  such  impacts  be  for  other  industrial  econ- 
omies? 

Serious  as  many  of  the  DOE-MI  JRE  environ- 
mental trends  are,  they  may  underestimate  the 
impacts  that  would  follow  in  many  nations  from 
a  hard  path  energy  policy.  This  is  because  the 
,  degree  of  environmental  protection  assumed  in 
the  DOE-MITRE  report  requires  significant  na- 
tional commitments  of  capital,  resources,  and  la- 
bor. The  report  notes  that 

Total  pollution  control  costs  (capital  plus  oper- 
ating and  maintenance  expenditures)  will  increase 
at  an  annual  rate  of  S.l'percent  between  1975  and 
1990,  but  will  decline  relative  to  GNP. 

Direct  and  indirect  energy  requirements  for  pol- 
lution control  are  projected  to  increase  by  50  per- 
cent between  1975  and  1990,  but  will  account  for 
no  more  than  3.7  percent  of  total  U.S.  efkiergy  use 
in  any  one  year.  .  .  .  The  number  of  persons  in 
1990  that  will  be  employed  directly  or  indirectly 
in  pollution  control-related  activities  is  estimated 
to  be  1.8  million,  or  1.6  percent  of  total  U.S. 
employment. 

It  is  not  clear  that  all  industrial  nations  (perhaps 
even  including  the  U.S.)  will  be  able  or  wilhpg  tu 
commit  as  much  of  their  capital,  resourv*es,  and 
labor  to  environmental  protection  as  is  assumed 
in  the  DOE-MITRE  report. 

There  are  a  number  of  variations  of  the  hard 
path.  The  most  significant  differences  among 
these  variations  concern  the  major  sources  of  ad- 
ditional primary  energy.  Some  variations  involve 
a  large  growth  in  nuclear  energy ;5d'thers  involve 
large  increases  in  coal  combustion.  The  environ- 
mental implications  of  these  two  variations  are 
significantly  different,  and  their  economic  advan* 
tages  and  disadvantages  differ  from  region  to  re- 
gion. 

The  primary  argument  for  nuclear  power  in  the 
U.S.,  for  example,  has  been  that  it  would  produce 
cheaper  electricity  than  alternative  energy  sources. 
Early  advocates  suggested  that  fission  would  pro- 
duce electricity  ''too  cheap  to  meter.''  Nuclear 
power  has  certainly  no  prospect  of  becoming  too 
cheap  to  meter.  As  a  result,  the  basic  argument 
of  its  cost  advantage  over  alternative  sources  has 
been  questioned  frequently  with  the  charge  that 
if  all  costs  were  properly  accounted  for,  and  sub- 
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Region  1 


Il!!to?tetSr^  tfM#  to  coo- 

Region  2 

ArMflIc  diacharBtt  tfouMt  tf  ut  to  pharm- 
•^"»*P^«»«<»«»tfy  Mod«Wttncrg«t«»n80. 
•mrtttofidMOtoconwtiontocoal  High  amounts 
0*  •Hjd««  OM«rMt<l  by  1990. 

Region  3 

•««it»  diMftargM  incrMM  by  1/5  (hM  to  coal 
fmmnq  aetlvttlM.  Suiitiamw  dociino  in  80.  and 

PjWClWtO  MWMkM)*  by  IteO.  Hion  tltKtOo'AfKl 

wctw  volumM  (rom«ioctrtc  utilKlM  tnd  »rv 
tfMMrlil  bo«lM  biimiAtf  oMi  by  IBBO. 


Region  4 


TOt  ranaiot  trtpl«  du«  to  oloctric  utmttot  tnd 
«»*flMctl  induavy.  Sovtrai  non-forrout  m«t«tt 
•«<lf*ortd««d««Jh^  High 
PwtteMUte  MMMloni  In  Ijrs  with  ftub«t*nti«l 
o^eiUy  by  ItlO.  High  tiudgo  and  NC6W 
volumM  by  1M0. 


Region  5 


TW  discharge  incraaaa  by  Ml  dua  to  olaetrk; 
ttWJJi  M4  oDamloal  ind4iatry.  High  aiudga  and 
N«W  voiumaa  by  ligo  d«a  primafHy  to  aiact^ 
umaa  and  (nduairtai  boiiafa  burning  coal 


Region  6 


PUERTO  nico 


Proiactad  incraaaai  in  anargy  raiatad  watar  coo- 
•umptton  by  1990  may  (aca  atrong  compatttion 
from  othar  aourcaa  TD8  and  chiorksa 
diachargaa  mora  than  douMa  by  1990  dua  to 
organic  ehamteala  mduatry.  Cyanida  ralaiaaa  In- 
craaaa  by  1/2  dua  to  high  BTU  coal  gaalHcatlon 
Urgaai  proiactad  incraaaa  in  80-  amiaalons 
"•Otonti  incraaaaa  in  $0.  from  naw  coal  bur n- 
ino  alactrlc  utitftiaa  and  Induttrtai  boiiara 

Region  7 

Urga  portion  of  national  cyanida  diachargat  in 
/iSL^IIL?  ^      *^  OMificatlon.  Ragionai 
ncraaaaa  n  80  dua  to  naw  coal  combuatlon 
ncraaaaa  in  aiudga  and  NC8W  ganaration  dua 
to  naw  coal  uuming  faciiitiat. 

Region  8 

f^roiactad  incraaaaa  m  anargy  raiatad  watar  con- 
•umptton  may  faca  ttrong  compatition  from 
othar  uaaa.  Cyanida  ralaaaaa  mora  than  doubia 
dua  to  high  iru  coal  gaalfleation.  Subatantlal 
•uifata  ralaaaaa  from  coal  mining  and  aiactrlc 
utuitiaa  aetivitiaa.  Urga  incraaaaa  m  NC8W 
0«>«ratlon  by  1 990  dua  to  oH  ahala  actMtiat. 

Region  9 

Larga  Incraaaaa  In  NCSW  volumaa  by  1990 
prlmtrlty  in  California.  80«  amiaalona  daclina 


Region  10 


T08  dischargas  doubia  dua  to  alactric  utilltlat 
Potaaaium  rataaaaa  doublaa  dua  to  amaiting 


B  r^&i!'*'"?*  tmnto  Mioctated  with  the  DOE-MTTRE  ProjectiQa  Seriei  C  (Hard 
P^BMm  pevehifwwiit  Soenuio.  Da  dw  refmul  analyiet.  TDS  standi  for  total  dinolved  Mlidt 
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sidies  stripped  away,  nuclear  power  would  not  be 
competitive  with  alternative  energy  sources. ''^ 
The  Ford  Foundation's  nuclear  energy  policy 
study  group  addressed  this  question  and  con- 
cluded in  1977,  before  the  Three  Mile  Island  nu- 
clear reactor  accident  in  Pennsylvania,  that  in  the 
United  States  nuclear  energy  based  on  uranium, 
but  not  Plutonium,  is  somewhat  less  costly  than 
coal,  but  that  in  much  of  the  country  ''the  choice 
is  so  close  and  the  uncertainties  sufficiently  large 
that  the  balance  could  easily  shift  either  to  in- 
crease or  eliminate  the  small  average  advantage 
that  nuclear  power  presently  enjoys."*'* 

For  Japan  and  Western  Europe,  the  Ford  study 
concludes  that 

a  shift  to  heavy  reliance  on  coal  would  require 
increasing  dependence  on  imports  from  the  United 
States  and  Eastern  Europe.  The  political  accept- 
ability of  such  dependence  is  not  clear.  There  is 
also  a  question  as  to  how  large  a  foreign  market 
[for  coal  the  United  States]  could  supply  and  still 
meet  its  own  growing  domestic  demand.  For  these 
reasons,  a  greater  preference  for  nuclear  power 
should  be  expected  in  these  countries  than  in  the 
United  States.^ 

For  the  LDCs,  the  Ford  study  concludes  that 
the  demand  for  nuclear  power  is  "very  uncer- 
tain*': 

Nuclear  power  may  be  competitive  in  some 
twenty  developing  countries  by  the  year  2000,  and 
others  may  installit  for  noneconomic  reasons.  As 
a  practical  matter,  the  large,  1,000  MWe  nuclear 
power  plants  now  being  built  [by  commercial 
manufacturers]  to  achieve  economies  of  scale  are 
not  matched  to  the  small  power  grids  of  most 
developing  countries.  More  suitable,  smaller  plants 
(less  tnan  600  MWe)  would  have  significantly 
higher  capital  cost  per  kilowatt  and,  in  the  absence 
ofdemand,  are  no  longer  being  built.  For  these 
reasons,  nuclear  power  may  be  ruled  out  as  an 
economic  energy  option  for  many  developing  na- 
tions. 

In  the  U.S.  and  many  other  countries,  decisions 
on  major  electric  power  facilities  are  made  by 
utility  executives  based  on  costs  to  the  utilities 
(after  government  subsidy)  rather  than  on  costs 
to  the  nation  as  a  whole.  The  costs  of  decommis- 
sioning old  plants  and  disposing  of  nuclear  wastes 
are  minimized  because  of  the  uncertainty  of  those 
costs*  Recent  accidents — such  as  occurred  at 
Three  Mile  Island  in  Pennsylvania*"  have  raised 
interest  rates,  and  underwriters  point  to  the  pos- 
sible need  for  further  costly  regulations,  designs, 
and  plant  shutdowns  **  As  a  result,  the  costs  of 
nuclear  power — including  those  costs  perceived 


by  utilities  and  banks-nnay  become  mcreasmgly 
comparable  with  coal.* 

While  there  are  many  factors  beyond  purely 
economic  ones  involved  in  the  choice  of  national 
energy  policy  beyond  the  purely  economy  factors. 
Nonetheless,  a  number  of  recent  decisions  seem 
to  support  the  conclusions  of  the  Ford  study.  In 
the  U.S.,  the  states  of  California  and  Montana 
have  limited  the  construction  of  new  nuclear  fa- 
cilities until  the  federal  government  will  have 
demonstrated  a  capacity  to  safely  dispose  of  the 
nuclear  wastes.^'  Sites  for  nuclear  plants  and  dis- 
posal areas  continue  to  present  a  problem;  only 
the  states  of  Washington,  New  Mexico,  and  Ne- 
vada are  still  sympathetic  to  locating  new  waste 
disposal  sites  within  their  boundaries.  ^  The  gov- 
ernors of  the  only  three  states  now  wilUng  to  ac- 
cept even  low-le^l  nuclear  wastes  recently  wrote 
to  the  Nuclear  Regulatory  Commission  and  the 
Department  of  Transportation  demanding  tight- 
ened enforcement  of  safety  rules  on  the  shipment 
of  nuclear  wastes  if  their  states  are  to  continue 
receiving  radioactive  materials.  The  Governor  of 
South  Carolina  cut  off  shipments  from  the  dam- 
aged reactor  at  Three  Mile  Island.'*'  In  Europe, 
antinuclear  sentiments  significantly  contributed  to 
a  change  of  government  in  Sweden, and  voters 
elected  to  terminate  work  on  a  nearly  complete 
nuclear  plant  in  Austria  in  1978.'**  In  the  Federal 
Republic  of  Germany,  the  construction  of  a  nu- 
clear reprocessing  plant  considered  essential  to 
Germany's  energy  program  for  the  next  two  dec- 
ades was  recently  "postponed  indefinitely.""* 
European  expectations  for  nuclear  energy  can  be 
seen  in  the  history  of  OECD  projections  for  1985 
nuclear-generating  capacities  shown  in  Figure  IS- 
IS. It  seems  likely,  therefore,  that  at  least  until 
2000,  the  hard  path  option  will  include  some  nu- 
clear power  (primarily  existing  plants)  but  will 
emphasize  coal.  ^ 

The  Soft  Path 

There  are  many  ideas  about  the  technologies 
most  appropriate  to  a  soft  path  future.  These  tech- 
nologies were  originally  defined  in  terms  of  five 
characteristics: 


•The  costs  of  the  Three  Mile  Island  accident  are  now  thought 
to  be  higher  than  the  first  estimates.  Repainng  the  damaged 
reactor  (unit  2)  will  cost  not  $140  million,  but  $240-320  million; 
in  addition,  the  cost  of  replacing  the  reactor  core  is  estimated 
at  $^0-S5  million;  the  utility  will  not  be  permitted  to  restart 
the  undamaged  rjpactor  (unit  1)  for  18  months  to  2  years* 
leading  to  costs— over  and  above  those  directly  attributable 
to  the  acddent— of  $14  million  per  month.  ("Costs  Still  Climb- 
ing at  Three  Mile  Island,"  Science,  Aug.  3,  1979,  p.  475) 
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capaaty  ^ata  from  VS.  Oeparm^nt  of  Bn^r^y  Ene^  Wo^«L  ^LSJ^^^^^^^^ 


1.  TTicy  rely  on  renewable  enerify  flows  that  are 
always  there  whether  we  use  teem  or  not,  such 
as  sun  and  wind  and  vegetation:  on  energy  in- 
come, not  on  depletable  energy  capital. 

2.  They  are  diverse,  so  that  as  a  national  treasury 
runs  on  many  small  tax  contributions,  so  na- 
tional enernr  supply  is  an  aggregate  of  very 
many  mdiyidualfy  modest  contributions,  each 
designed  for  maximum  effectiveness  in  partic- 
ular circumstances. 

3.  They  are  flexible  and  relatively  low  technol- 
ogy—which doesi  not  mean  unsophisticated, 
but  rather,  easy  to  understand  and  use  without 
esoteric  skills,  accessible  rather  than  arcane. 

4.  TTiey  are  matched  in  scale  and  in  geographic 
distribution  to  end-use  needs,  ♦aking  advan- 
tage of  the  free  distribution  of  most  natural 
energy  flows. 

5.  They  are  matched  in  energy  quality  to  end*use 
needs  (thus  increasing  the  productivity  of  the 
pnmary  energy  used]:"' 

The  number  of  national  soft  path  and  low-en- 
ergy studies  from  around  the  world  has  increased 
rapidly  in  the  last  few  years.  Several  of  these  stud- 
ies  for  some  of  the  nations  having  energy-inten- 
sive economies  are  discussed  in  the  following 
pages/  y 

The  Solar  Sweden  W/y.  One  of  the  most  thor- 
ough national  soft  paHMtudies  now  available  is 

l^^fi  ioteretied  in  a  more  complete  inventory  and  con- 
ramog  reporttng  of  national  soft-path  studies  are  referred  to 
B  JjJWMl  Soft  Energy  Noies  (San  Francisco.  Friends  of  the 
canii). 


the  Solar  Sweden  report  produced  by  the  Secre- 
tariat for  Future  Studies  in  Stockholm.  This  re- 
port addresses  the  feasibility  of  basing  the  Swedish 
energy  supply  completely  on  solar  energy  (solar 
radiation,  hydro  power,  wind  power,  and  wave 
power)  in  the  not  too  distant  future.  (Complete 
dependence  on  solar  energy  would  be  difficult  for 
Sweden  since  it  is  quite  far  north  and  receives 
only  about  40  percent  of  the  solar  energy  per  unit 
area  that  is  received  by  countries  in  North  Africa. ) 
While  the  report  does  not  advocate  that  Sweden 
tum  solely  to  solar  energy,  the  report  concludes 
that  by  2015  Sweden  could  shift  entirely  to  solar 
energy  without  prohibitive  costs  and  without  major 
changes  in  life  styles. 

The  Solar  Sweden  analysis  is  based  on  a  number 
of  assumptions.  The  goods  and  services  produced 
arc  assumed  to  double  relative  to  1975.  The  ef- 
flciency  with  which  energy  is  used  to  produce  the 
g^>ods  and  services  is  assumed  to  increase  as  il- 
lustrated in  Table  13-38.  Care  is  taken  to  match 
the  quality  of  an  energy  source  with  the  quality 
required  for  particular  end  uses,  as  described  in 
Table  13-39.  The  quality  of  the  energy  delivered 
remains  essentially  unchanged.  The  resulting  en- 
ergy system  is  illustrated  in  Figure  13-16.  The 
flnal  value  for  energy  use  in  2015  is  not  quite  500 
X  10"  watt  hours  (WH),  compared  with  390  x 
10"  WH  in  1975.  (The  corresponding  figures  in 
quads  are  1.7  and  1.3,  respectively.) 

The  Solar  Sweden  energy  system  is  very  diver- 
sified. Production  and  use  of  biomass  dominates 
and  includes  energy  plantations  on  land  and  in 
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Energy 


GoodM  uid  Servioei 
Pnxiuced  in  201S  Rel- 
ative to  197S 


1975 

2015 

Produc- 
tion . 

Specific 
Energy 
Need* 

TWH^ 

fiotfuctkNi  of  loodi 

16S 

264 

+  100 

-20 

frodiictkM  oC  lervket 

Tramport 

75 

75 

+  100 

-50 

Other 

To- 

70* 

+  100 

-50 

Housing,  including 

domestic  electric- 

ity 

rn 

80 

+  40 

Total  end  use 

190 

489 

Cooveniofi  loMes 

25« 

79 

Total  supply 

415 

568 

<m  mi  1 
IfTI.  p. 

W  SMn.  Soiar  SwHkn. 

SlockJioln  Stc- 

*  lamr  mM  is  pfoAm  •  wk  of  looii  or  itrncn 
^iTWtl  •  ie^vMlKmn  -  341  *  \0'*mm^. 
'OfHiljmywfcoitiliiilpiui^iiill  40TWH 

"cSMMihMll 

Nimcirfeiiy  ^ 


«0f 


31  TWH. 


the  IM  and  the  use  of  straw,  reeds,  and  logging 
waste.  Solar  heating  is  used  for  space  heating  to- 
gether with  district  heating  based  on  plants  fueled 
with  biomass  for  combined  generation  of  elec- 
tricity and  heat.  The  electricity  sector  becomes 
relatively  large  and  the  proportion  of  electricity 
larger  than  today.  Electricity  is  produced  from 
hydro  power,  wind  power,  and  idar  cells  and  in 


fitel  cells  and  plants  for  combined  generation.  By 
making  the  latter  into  relatively  small  units,  they 
can  be  located  to  minimize  energy  waste,  e.g., 
uang  the  waste  heat  for  space  heating.  Methanol, 
from  biomass,  is  introduced  into  the  transport  sec- 
tor. 

In  making  its  economic  calculations,  the  Solar 
Sweden  report  assumes  that  the  cosu  for  the  re- 
newable energy  system  are  and  remain  those  that 
can  be  foreseen  for  the  1980i.  The  calculations 
show  that  building  up  such  a  system  is  compatible 
with  the  assumed  doubling  of  the  production  of 
goods  and  services,  impiymg  an  increase  of  ap- 
proximately 2  percent  annually.  Of  this  annual 
increase  approximately  one-eighth  goes  to  the 
new  ener^  system,  and  the  remaining  seven- 
eighths  are  necessary  to  increase  the  production 
of  goods  and  services.  Thus,  the  report  concludes, 
a  renewable  energy  system  does  not  demand  a 
lower  standard  of  living,  out  merely  r^uires  that 
tart  of  the  increase  in  goods  and  services  is  util- 
ized to  create  such  a  system. 

In  dtscussttig  the  advantage  of  a  solar  Sweden, 
the  report  notes  that  the  energy  system  it  sketches 
is  domestic,  and  that  as  a  result,  uncertainties  con- 
cerning the  possibilities  of  impurtmg  various  en- 
ergy raw  materials  do  not  exist.  Balance  of 
payment  is  not  to  any  large  extent  influenced*  The 
use  of  many  different  mspersed  energy  sources 
makes  the  system  relatively  invulnerable.  The  sys- 
tem is  preferable  from  the  environmental  point 
of  view  because  it  limits  emissions  and  does  not 
increase  the  risk  of  catastrophic  occurrences. 

But  the  environmental  implications  of  the  solar 
Sweden  energy  system  are  npt  completely  bene- 
ficial. The  report  notes  that  the  demand  on  land 


TABLE  13-Jf 

Sokr  SwtAn  Percent  Dbtributkm  of  Energy,  by  Eatrgy-QualHy  Categories  A-1, 1971  and  20I5» 

,  1971  2015 


Industry     Transport     Other     Industry     Transport  Other 


A  Lighting,  imall  moton 

B  Electricity  for  chemical  processes 

C  Suiionary  moton, 

D  TfaMpoits 

E  Process  beat  (>  1000^ 

F  fmu%  heat  (560-lOOOX:) 

0  Process  heat  (100-500^) 
H  Process  heat  (<  100*C) 

1  Low  teanperature  heat  (spsce  heating) 

Total 

Percent  of  total  energy  use 


2 

15 

5 

40 

3 

3 

15 

17 

3 

too 

2 

100 

22 

23 

9 

9 

26 

26 

9 

9 

11 

85 

6 

60 

100 

100 

100 

100 

100 

100 

41 

17 

42 

54 

15 

31 
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S^ni  ^  renewable  loyrcet  and  lh« 

f  Ti  h^       T^r.f '''•"^  ^  •'^     of  energy  U  divided  into  energy  quelily  ctlegories  A  through 

e,^.v  n«  TWK  .A.?       ^•'''•f"  »  ihown  in  the  center  of  the  figure.  Numbers  indtctte  the 

energy  (in  TWh-IO'»  watt-hourt)  represented  by  each  line.  (From  Solar  Sweden/' Stoekhol^  I97S  p  S2j* 


ii  great  because  of  the  low  intensity  of  solar  ra- 
diation in  Sweden.  It  is  estimated  that  approxi- 
mately 3  million  hectares  would  be  needed, 
mainly  for  energy  plantations.  As  now  conceived, 
the  i^utions  would  need  to  be  heavily  fertil- 
tted,  particularly  with  nitrogen.  Methods  of  con- 
milling^  damage  from  game  animals,  rodents, 
msk^,  and  insecu  would  also  be  needed.  The  en- 
vmmmental  problems,  of  managing  large-scale 
energy  (rianutions— and  ecologically  acceptable 
management  tedmiques--aroi  discussed  in  two 
related  Swedish  reports. 


Finally,  the  Solar  Sweden  report  acknowledges 
conflicts  of  interest  concerning  the  3  million  hec- 
tares that  would  be  needed  for  energy  plantations. 
The  other  sectors  most  interested  in  utilizing  the 
same  areas  would  probably  be  the  forest  industry 
and  recreation.  The  forest  industry  In  Sweden  oir- 
renUy  uses  approximately  23  nOOion  hectares. 
Wmd  power,  etc.,  might  meet  with  resistance 
from  thoae  who  own  recreation^  houses  near  the 
plants.  Therefore,  an  importan^uestion  is  how 
Swf  4ish  society  should  baltnce  the  interests  of 
forest  industry,  recreation,  ind  energy  production 
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in  the  future  The  report  concludes  that  these  in- 
terests can  be  balanced  and  conflicts  resolved  with 
fartighted  planning,  ^ 

Soft  Energy  Studies  in  Canada,  Canada  has  also 
given  thou^t  to  soft  energy  scenarios  for  its  fu- 
ture^ and  has  examined  the  possibilities  for  en- 
ergy plantations.  The  Canadian  Ministry  of  Ener^ 
Mines,  and  Resources,  in  its  Tree  Power  tcpoxir^ 
assessed  the  energy  potential  of  forest  biomass  in 
Canada  for  three  technologies:  (1)  direct  electric- 
ity generation  or  cogeneration,  (2)  conversion  to 
methanol,  and  (3)  low  Btu  gasification.  Costs 
were  established,  where  possible.  The  Canadian 
forest  resources  are  large,  and  the  report  notes 
that  data  on  the  extent  of  Canadian  forest  re- 
sources are  **severely  lacking."  Using  various  es- 
timates of  the  resource,  the  report  estimates  that 
the  total  annual  productivity  of  the  forest  is  about 
400  X  10*  ODt  (oven-driCL  metric  tons),  equiv- 
alent in  energy  to  8  x  10*'  joules.  The  present 
Canadian  wood  harvest  of  51  x  10*  ODt  for  all 
purposes  has  an  energy  content  of  about  1  x  10*' 
joules.  The  report  concludes: 

The  medium  term  to  1990  will  realize  more  forest 
enerfy  but  will  require  changes  in  harvesting  tech- 
ooloi -y  and  forest  management  practice  as  well  as 
"  development  of  conversion  ana  end  use  technol- 
ogies. 

Over  the  longer  term  to  2025,  the  extensive 
forest  and  enersy  plantations  could  provide  a 

rge  fraction  of  the  carbon  based  fuel  require- 
ments. However  a  development  program  iijclud- 
ing  extensive  environmental  assessment  of  the 
impacts  of  such  large  scale  use  will  be  needed. 
For  example,  the  effect  of  collecting  forest  residue 
in  the  medium  term  and  of  plantations  in  the 
longer  term  could  be  to  strip  the  soil  of  nu- 
trients.*** 

U  S,  Studies.  In  the  U.S.,  the  Department  of 
Energy  has  indicated  its  interest*  in  consideration 


ni»e  DOE  interest  in  what  it  terms  "smaH>scate.  tppropriately 
d^thbuted  technology**  wu  expressed  most  ctearly  at  a  public 
bnefliig  on  Januiafy  26. 1978,  in  Washington.  The  official  tran- 
script of  this  briefing  (published  as  DOE  Role  in  Support  of 
^nill'Scak  Appropriately  Distributed  Technology,  DOE  Of- 
fice of  Consumer  Affain.  Aug.  1978)  is  available  fr(Wn  the 
National  Technical  Information  Service .  The  specific  program* 
matic  eftoru  reported  in  the  briefing  are  summarized  in  Table 

t  As  of  August  1978»  it  was  established  that  the  Standing  Com- 
mittee would  be  chaired  by  the  AisisUnt  Secretary  for  Con- 
servatkm  and  Solar  Applications*  and  that  (he  Committee 
would  have  repretenutives  from  the  DOE  Offices  of  Energy 
Technology,  Energy  ReKarch«  Environment,  and  Policy  and 
Evahiafkm  (p.  144  of  the  briefing  dted  in  the  previous  note). 
As  of  this  writing  (March  1979),  no  Committee  members  had 
been  appointed,  and  the  Committee^s  purpose  had  not  been 
rtiolved. 


of  soft  path  options  by  establishing  a  Standing 
Committee  n  Soft  Technology  under  the  R&D 
Coordinating  Council t  and  by  .  initiating  a  small- 
grants  program  for  several  studies.  These  studies 
are  listed  and  described  briefly  in  Table  13-40. 

The  DOE-sponsored  California  Distributed 
Energy  Study is  probably  the  most  detailed  and 
thorough  soft  path  analysis  now  available.  The 
study  analyzes  hypothetical  future  energy  systems 
for  the  State  of  California  in  the  year  2025.  As- 
suming a  doubling  of  population,  a  tripling  of  total 
economic  activity,  and  a  quadrupling  of  energy 
prices  by  2025,  the  study  reaches  four  important 
conclusions  for  the  State: 

1.  Iris  possible  to  achieve  a  balance  between  en- 
^  er^  demand  and  energy  supply  only  through 

stnct  attention  to  conservation  for  buildings, 
improved  efficiencies  of  end-use  appliances, 
and  improved  efficiencies  in  industry.^ 

2.  It  is  possible,  in  purely  technical  terms,  tc 
come  quite  close  to  operating  the  postulated 
advanced,  post-industrial  society  in  California 
using  indigenous,  sustainable  resources.^ 

3.  The  environmental  impacts  of  certain  ''soft" 
technologies — notably  increased  end-use  effi- 
ciency, active  and  passive  solar  heatins  and 
cooling  with  individual  bidding  or  neighbor- 
hood units,  fuel  production  from  biomass  in 
the  form  of  wastes,  and  dispersed  on-site  wind 
generators— will  prove  markedly  smaller  than 
those  of  virtually  all  of  the  traditional  ''hard'^ 
technolog:es,  as  well  as  smaller  than  those  of 
the  more  centralized  technologies  for  harvest- 
ing rencwables.**' 

4.  To  achieve  a  distributed  [soft]  enersy  outcome 
which  is  approximately  tnat  described  [in  the 
California  study]  by  a  time  close  to  2025  re- 

.  quires  that  implementation  begin  almost  at 
once.*" 

While  the  California  Distributed  Energy  Study 
is  the  only  detailed  soft  path  study  now  available, 
a  number  of  studies  have  examined  aspects  of  a 
soft  path  for  the  whole  of  the  U.S.  The  findings 
and  conclusions  of  approximately  40  related  stud- 
ies have  been  drawn  together  by  the  Council  on 
Environmental  Quality  (CEQ)  in  a  recent  report 
that  compares  the  hatd  and  soft  paths  for  the 
United  Stat^s^  Son^e  of  the  major  findings  re- 
ported by  CcQ  are  as  follows: 

•  There  is  now  clear  evidence  that  the  United 
States  can  maintain  a  healthy  economy  without 
the  massive  increases  in  primary  energy  called 
for  under  the  hard  path. 

•  Recent  macroeconomic  analyses  indicate  that 
there  is  a  more  loose  and  flexible  linkage  bc- 
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TABLE  13-^ 

U.S,  Departmeiit  of  Energy  Studies  Underway  as  of  August  1978  to  Examine  "Soft  Path'*  Options 


Subject 
or  Title 


Responsible 
DOE  Office 


Budget 


Small-Grants 
Program 


Description 


Conservation  and 
Solar 


Appropriate  Policy  and  Evalua- 

Technology  tion 
Characterization 


''California  Case       Policy  and  Evalua- 
Study:  tion 
Decentralized 
Energy  Systems'' 


S  million  \^  tSI  P'^gl-^""  provides  small  grants  (up  to  $50,000)  for  conser- 
18  million  (FY  79)  vat.on  and  solar  efforts.  The  $3  million  pilot  program  started 
in  Region  9  and  was  heavily  over  subscribed.  Approximately 
1.100  grant  requests  were  received;  approximately  100  were 
funded.  The  budget  has  now  been  increased  to  $8  million4or 
all  10  federal  regions.  A  preliminary  report  on  the  effectiveness 
of  the  grants  has  been  prepared.* 


$250,000 


$700,000 


"Any  Town  USA"    Policy  and  Evalua- 
tion 


Energy  Futures;        Policy  and  Evalua- 

Solar  and  Nuclear  tion 
'  Alternatives 


$240,000 


$500,000 


Overview  of  Soft  Enviro^iment 

Energy  Paths  and 

Decentralized 

Energy  Systems 

io  the  United 
'  Sutes  < 


Not  applicable 


Contract  to  Arthur  D.  Little,  Inc..  Cambridge,  Mass.,  for  an 
engmeenng  notebook  describing  the  technical  and  economic 
aspects  of  "appropriate,;-  "soft.'*  and  -transitional"  technolo- 
gies. A  draft  has  been  circulated  for  review  at  DOE,  but  as  of 
March  1979,  the  report  was  not  publicly  available.* 
rhis  study,  conducted  jointly  by  the  Lawrence  Berkeley  Ub- 
oratory  and  the  Uwrence  Livermore  Uboratory,  is  probably 
the  most  thorough  and  jietailed  examination  of  a  "soft  path" 
option  for  a  spccfic  region-Oalifornia.  The  DOE  preface  to 
the  study  indicates  that  it  was  undertaken  largely  as  a  response 
to  "Energy  Strategy:  The  Road  Not  Taken,"  by  Amory  B  Lov- 
ins  {Foreign  Affairs.  Oct,  1976),  Two  reports  and  many  sup- 
porting documents  have  been  produced.'  Further  work  on  this 
topic  has  been  proposed  by  the  two  laboratories  involved,  but 
DOE,  as  of  March  1979,  was  -wt  willing  to  fund  additional  work. 
SRI  International  was  to  provide  a  study  on  how  a  "typical" 
Amcncan  town  might  look  under  a  soft  path  solar  future.  The 
study  was  completed  in  1977  but  was  never  published  or  publicly 
released  by  DOE  A  limited  number  of  copies  of  the  report  are 
available  directly  from  SRI  International.* 

This  study  at  the  Institute  for  Energy  Analysis,  Oak  Ridge  As- 
sociated Universities,  has  two  objectives:  (1)  to  project  the  con- 
tnbution  that  solar  energy  might  make  by  the  year  2020;  (2)  to 
investigate  how  far  nuclear  development  could  continue  if  all 
additional  reactors-were  located  on  sites  wheie  nudear  rpactore 
are  already  located  or  under  construction.  DOE  representatives 
report  that  the  contractor  was  unable  to  develop  the  solar  por- 
tion of  the  study  to  any  extent;  the  contractor  reports  that  DOE 
lost  interest  in  the -solar  portion  of  the  study  In  any  event,  as 
of  March  1979.  s  nuclear  report  was  available,  but  the  solar 
report  was  incomplete.* 

This  subject  was  ultimately  subsumed  under  "Alternative  En- 
ergy Futures"  below  . 


Development  of 
Community  Level 
Technology 
Assessments 


Ahematives  Energy 
Futures 


Energy  Technology 


Environment 


t^^'^  ^n!  *  °^  ^  ^^"^y-  contractors  were  tc  work  with  local 
1250.000  (FY  79)  communities  to  develop  "self- assessments  of  solar  futures."  As 
of  March  1979,  one  contractor  had  started  work,  and  Requests 
for  Proposals  (RFPs)  are  pending.  No  report  was  publidy  avail- 
able at  that  time,  but  one  report  prepared  under  the  program 
may  be  obtained  from  anothe?  source.' . 


$179,000 


This  work  was  contracted  to  the  Argone  National  Laboratories 
and  in  turn  subcontracted  to  the  Center  for  Energy  Studies  in 
the  Department  of  Ind^trial  Engineering.  The  work  wu  done 
by  faculty  and  students  as  a  part  of  Industrial  Engineering 
Course  235  at  Stanford  University,  As  of  March  1979,  no  report 
was  ppblkly  available  from'  DOE,  but  a  report  was  expected  to 
be  available  from  Stanford.' 
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TABLE  13^  (cont.) 


Subject 
or  Title 


Responsible 
DOE  Office 


b:tdget 


l/m  Developed 
Coucthes 


International  Affairs 


Description 


$1,600,000  This  joint  DOE/^  ^'e  Department  program  of  c^'^oerative  as- 
sistance to  selected  developing  countries  is  intended  to  provide 
a  complete  and  objective  energy  assessment,  including  all  the 
basic  data  and  information  needed  ior  the  development  of  an 
energy  plan  for  the  country  being  analyzed  A  wide  range  of 
energy  optiOBS-->both  nuclear  and  nonnuclr^i — are  considered 
with  emphasis  given  !o  employing  mdigenous  resources  An  as- 
sessment of  Egyptian  energy  options  is  now  complete  and  has 
been  very*well  received  by  Egypt  and  intern. ittonal  development 
and  lending  institutions.^  A  report  on  Peru  is  in  progress,  and 
five  other  reports  are  being  considered 


Sown  V  $  DcputmciM  of  Eiiergy.  Offict  of  Comtimer  Affairs^  DOE  Roir  m 
Support  of  Smail-Scott  4pppopn^teiy  OwribuH^  Ttdmoiogf,  Official  Traiimipt 
of  PmMk  Briefing  and  addendum  on  Jan  26.  CONF-780133.  Washington 
NaiioiMl  Technical  Infofmation  Service.  Aug  19711.  p  144  Budgets  nd  detaip' 
hoiM  of  Mudws  are  bnaed  on  mfonnation  provided  hy  the  responuUe  DOE  offices 
and  DOE  comracton 

'  DOE  San  Fra^tcnoo  Operationt  Office.  Appr*Mi*ic  cuergy  Tcchnotogy  Pro- 
gram. Sumtmry  of  ^rofeea  Appropnott  Energy  Ttdmohgy*  hhi  Regionat  Pro- 
gram, 1978  (availaMe  from  AppiPpruMe  Energy  Tcdmolofy.  DOE.  1333  Broadway. 
Oakland,  Calif  94612).  DOE  Dtv  of  Buildings  and  Commanity  Systems.  Assistant 
Secretary  for  Comer  tion  and  Solar  ApplicatKMis.  "Appropnate  Technology  A 
Fact  Sheet."  WashingMn^  1977.  "Report  to  Congresa  on  Appropriate  Technology 
PikM  Regionai  Program."  undated.  unpuWtshed  (available  from.  Jerry  D  Duane 
DOr.  Office  of  the  Astisunt  Secretary  for  Conservation  and  Solar  AppliciiMxn) 
^Fdwr  Bhwn.DOE.Offioeof  the  Assistant  Secretary  for  Policy  and  Evaluation 
.nc       mmttaicat*<m.  Mar  1979 

*  PmI  i  i  .aMt  am;!  M  D  Levme.  "Dtstnbuted  Energy  Systems  in  California  % 
Futisre  Isaucs  in  Transition.  *  Lawrence  Berkeley  Laboratory  Jan  16  1979 
idrart) 

*  John  Reuyl  et  al  .Soiar  Energy  m  Amenai's  Fyfure  ^^  PrthnunMrv  Asse  smenL 
Me>  .^ffc.  Cahf  SRI  International.  Mar  1977 


tween  energy  use  and  the  economy  than  pre- 
viously thought. 

•  These  studies  generally  conclude  that  iow  en- 
ergy growth  is  not  only  consistent  with  contin- 
ued economic  expansion  and  a  high  st?r.dard  of 
living  but  can  also  have  a  positive  effect  on  em- 
ployment and  can  provide  an  important  weapon 
in  the  fight  against  inflation. ' 

*  Much  of  the  energy  saved  by  a  departure  from 
the  hard  path  would  be  realized  in  the  form  of 
reduced  imports  of  oil  and  natural  gas  for  which 
Americans  pay  a  high  price  both  economically 
and  in  terms  of  national  security.  Improvements 
in  U.S.  balance  of  payments  can  be  anticipated 
principally  due  to  reduced  dollar  outflows  for 
direct  purchases  of  foreign  fuels. 

The  CEQ  conclusion,  in  short,  is  that  the 
United  States  can  do  well,  indeed  prosper,  on 
much  less  energy  than  has  been  commonly  sup- 
posed. 

But  what  about  the  environmental  impacts  of 
a  departure  from  thc;  hard  path  r  The  CEQ  report 
also  provides  one  of  ^he  more  complete  national 
^  comparison  now  av&^^ble  of  scenarios  related  to 


*  The  nudear  report  is  M  J  Ohanian  et  ai  Frastbilir\  of  u  Suiteur  Cinng  !*olu\ 
Beatd  on  Exattng  Ctm,  Oak  Clidge  Imiitute  for  Energy  Analysis  Nov  1V79  As 
of  May  1979.  the  InsUtute  was  still  planning  seven  topical  reports  on  solar  eneigy 
two  were  final,  three  ^re  being  revised  foliowmg  review  one  was  under  a  nc« 
review,  one  was  still  being  written  The  final  reports  are  as  follows  R  W  Gilmer 
and  R  E  Mcunier.  **ElectrK  Utilities  and  Sotai  Energy  Th;  Service  Contraci  in 
a  New  Social  Context."  Oak  Rid^  Auociated  Universities  Apr  1979  final  re- 

.  pons  beifl|  revised  at  Oak  Rx^e  Associated  Umversittes  are  ( w  uh  dates  of  draft ) 
R  V  Gilmer  "The  Soaal  Cot  trol  of  Energy  A  Case  for  ihe  Pron^ise  of  Decen- 
tralued  Solar  Technologies/  Apr  -*  '^""^  W  D  ""*vine  ir  Energy  Account 
mg  tor  Solar  and  Alternative  Enc/jy  Sources  Jan  1979  D  B  Retster  ^nd  W 
D  Devinc.  Jr  .  **ToU'  Costs  of  Energy  ServKes  Mar  \^  The  fdlovking draft 
IS  being  reviewed  D  A  Bcyd  "The  StochasiK  Sun  Identifying  ihe  Recoverable 
Resource."  Mar  1979 

'^C  T  l^-jno^an  et  al  .  Energy  Self  SufTuffnv  in  Sorthamptor .  MassachusetL 
Jan  3.  1979  (available  from  A  S  Krass  School  of  Natural  Science  Hantp^hire 
Coller-  Amherst.  Mass  01002) 

•  Grant  Ireson  et  ai  .  Alternative  Energ\  Futures  /tn  Assessment  of  Opiiifns  for 
U  S  Society  to 2025,  Institute  for  Enc'-'v  Studies  Stanford  University  fortfurotn 
ing,  1979 

^  DOE  Developing  Countnes  Energy  Program  Eg\pt  i'mted  Stales  Cooperati\e 
Energy  Assessment.  Washmgton  197K.  5  vols 

the  hard  and  soft  path  environmental  impacts. 
This  comparison  is  made  on  the  basis  of  two  en- 
ergy supply  futures**  (see  Table  i3-41),*  Future 
I,  wit!i  a  total  demand  of  85  quads  (1  quat^  ^  10*^ 
Btu)  reflects  a  strong,  sustained  coj^mitntent  to 
conservation  (higher  energy  prodi^ctivity)  and  the 
use  of  renewable  energy  sources.  In  Future  II, 
ener^  demand  grows  by  1.9  percent  per  year 
reaching  120  quads  by  2000. 

The  CEQ  i;;port  compares  the  environmental 
impact  of  these  two  energy  futures  as  follows: 

The  most  important  difference  in  energy  supply 
'  between  the  two  futures  described  above  arise 
from  the  need  to  place  ereat  emphasis  on  c^A  and 
nuclear  in  Future  II.  In  the  high-growth  future 
these  two  lurces  collectively  supply  2. 1  times  as 
much  energy  (an  additional  34  quads)  in  the  year 
2000  as  they  would  in  the  low-energy  future.  Al- 
though it  is  not  fefisible  to  describe  completely 


*The  CEQ  report  is  not  a  true  compansoit  of  hard  and  soft 
paUis  for  the  U.S.  because  both  of  the  energy  fupply  futures 
umtains  f  same  solar  component  ( 19  quads)  For  a  true  hard/ 
soft  compartton  for  the  U  S  ,  it  would  be  necessary  to  replacr 
the  19  quads  of  solar  m  Future  II  with  an  additional  19  quads 
of  ooal  or  nudear. 
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13^1 

Eaeriy  Supply  in  1977  and  Two  Supply  Scenarios 
for  the  Year  2000 

Quads  iiO^  Btu)  of  Primary  Fuels 
1975  2000 


Oil  tndgas 
SoUf 
Nuclear 
Cod 
Total 


56.5 
4.2 
27 
14.1 
77S 


Future  I 

40 
19 
8 
18 
85 


Future  II 

46 

19 
18 
37 
120 


Sotmr  CowKil  on  EimromMntaf  Quahty  Thr  o.wrf  News  Aboui  Enerwv  Wash- 
MlflM  Oovenwient  Pnntinf  Office.  1979  p  20 

tl'!!!?'"**^'*^****"*'^"'*^''  *  *"*fiy  The  4  2  quadiindudcs 

1  a  quads  from  biomw  •vtucfi  ^  ui  ..dttded  in  imiioimI  energy  sttttstm 


the  ucUuls  of  these  tv/o  futures,  specific,  impor- 
tant environmental  impacts  related  to  the  addi- 
tional use  of  ccaJ  and  nuclear  energy  in  Future  II 
have  been  estimated  and  presented  in  Table  [13- 
42J.  ,  ,  .  Although  the  total  impacts  of  all  these 
trends  is  highly  uncertain,  it  is  nonetheless  clear 
that  a  national— indeed,  global-policy  empha- 
sizing energy  conservation  [(i.e.,  mcreased  pro- 
ductivity m  the  erergy  sector)  and  benign  sources] 
will  allow  the  world  more  flexibility  and  time  to 
maneuver  in  the  event  of  incipient,  adverse  de- 
velopments. 

Low  Energy  Study  for  Denmark,  Domestic 
nonrenewable  energy  sources  are  limited  in  Den- 
mark. In  the  face  of  rapidly  rising  enirgy  costs, 
the  country  has  been  considering  a  variety  of  op- 
tions for  reducing  its  needs  for  foreign  oil  Much 
of  the  energy  analysis  in  Denmark  has  assumed 
that  little  depNarturc  from  traditional  energy  growth 
rates  could  be  accomplished  without  serious  eco- 
nomic implications.  A  1976  study,  sponsored 
jointly  by  the  Niels  Bohr  Institute  and  the  Inter- 
national Federation  of  Institutes  for  Advanced 
biud;',^  found  much  more  flexibility  in  the  GN?- 
energy  relationship  than  had  been  assumed  in  the 
past. 

The  Danish  study  examines  the  economic  con- 
sequences of  two  scenarios  out  to  2005.  One  scen- 
ario assumes  a  continuation  of  the  traditional 
growth  in  energy  use  (3-5  per  cent  per  year);  the 
other  assumes  a  reduced  growth  (under  1,5  per 
cent  per  year).  In  the  traditional-growtj.  scenario, 
energy  is  used  more  or  less  traditionally.  In  the 
reduced-gi  nvth  scenario,  major  efforts  are  made 
to  increase  the  thermodynamic  efficiency  with 
which  the  energy  is  used. 

The  study  found  that  over  a  15-year  period 
Denmark  could  make  major  reductions  in  its  en- 


ergy requirements  without  ha;  n  to  general  eco- 
nomic development.  The  energy  savings  for  the 
two  cases  are  illustrated  in  Figures  13-17  a.id  IS- 
IS. Overall,  the  study  concluded  that  the  reduced 
energy  growth,  while  requiring  somewhat  larger 
investments  over  the  next  15  years,  produced  a 


TABLE  1»^2 

Relative  Environmental  Impacts  of  Low*  nrd 
High-Energy  Growth  Futures 


1977 


2000 


Future  I       Future  II 


Coal  production  (millions  of 
tonsiyearY 
'  Cumulative  coal  mined.  1977- 
2000  (millions  of  tonsf 

Cumulativr  area  strip-mined. 
1977-2000  (squah  mtlesy 

Cumulative  area  affected  by 
subsidence  (square  miles)* 

Number  or  coal  power  plants 
(nominal  1,100  MWy 

Number  of  nuclear  power 
p^nxs  (nominal,  IJOOMWy 

Area  required  for  transmission 
lines  for  new  coal  and  nu- 
clear  planU  (square  milesY 

Radioactive  tailings  to  supply 
uranium  for  1977>2000(mf/- 
lion  tonsY 

Volume  of  low-level  radioac- 
tive wastes  generated,  1977- 
2000  (millions  of  cubic  fee fy 

Spent  fuel  generated,  1977- 

2000  (thousands  oftonsY 
Toul  spent  fuel  generated  over 
lifetimes  of  plants  con- 
structed through  the  year 
200O  (thousands  of  tonsY 


613 


782 


—  16,000 

—  1.200' 

—  400-3,300" 


1.609 
25.500 
2.000- 
2.300-5.300- 


200 

?43 

500 

43 

135 

3.900 

16.500 

400 

800 

34 

66 

61 

120 

121 

274 

 ^^.v..  %n.  ^..THunmvnui  wtMiiiy  ' ne  ^ooa  Nfwj  About  bfitrffv .yi/nli, 

inftofi.  uovemmem  Priniing  Office.  1979.  pp  23-24 

*  Nominal  torn  it  23  millioa  Btu  ««d) 
AiwmMiii  Hneir  |rowtl)  in  production 

*  ^wmint  (I)  one^haJf  of  cotl  »  mined  in  the  We»t.  oWfr<h«lf  in  the  M>dwe«i 
US?  ^  ^  '  ^  '"^  ooe-hiif  oC  rest  IS  Mnp-mined  Area 
dWurted  50  wm  per  n^Jkur  tons  in  the  Wen  nnd  m  acres  efKwbere  Sec 
EittrtyfEiiviftmmeiu  facf  apo*.  DC^/EPA.  Dec  1977,  p.  60 
^AiMimmi  230 10  529  acrei  affected  per  ion  of  coal  mined,  dependlni  onffltmng 
tcctauqiiej.      Energy  Ahmuuiva  A  CompMivt  Atu^sb.  {Jnivtnky  oCOkla- 

t  •  Science  andPwblK  Policy  Profram.  May  1975.  pp  1-56 
M^^^"*!^  ^  percent  of  coal  will  coMmue  to  be  aied  iy  electric  utilltiei.capaaly 
racioci  will  ■ven    ^5  percent  and  individual  plant  efncknciei  35  percent 

I  ««P«aty  ftcfon  of  60  perccm  ind  iverage  efrkicnciet  of  33  percent 

_L'^**!*"'*'^*«*^"'^7''*«««««PefM«w«tofcipaaty  SecEnerwy 
•nd  the  Envinmmtw  Electrk  rower.  CEO.  A'ax  1971  p  42.  note  B 

>lwi<ifi/iy  0.1  percent  urtnim  ort,  0.2i  pertemt  teitings  mev.  end  mniHtl 
lornng  of  X  torn  of  fitet  per  rewaor  per  yeer 

^  r  T"*^  ^^"'^  ^  ^^'^       ^  r^ pteat  yter.  See  Report  to 

IIL^SIr"'  ^  /lurraffiicy  Heyiew  Group  on  Nucker  Wnte  Ment((rmem.' 
Oct  tm.p  D-6(drwfl) 

Assmmini  »  *«u  digcherged  per  remctor  per  feer 

AMMWni  X  low  dOcherged  per  remor  per  yeer  and  Mhveer  phnt  h/etimeM. 
'  5.190  km 
•5.957^13,727  9^  km 
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Inprovod  tMHtzatton  ol  vansport  capicity  m 
gootfsKvr  vH  Mtghtrtutconcarsmtt 
poor  luti  iconem  -  ipitd  iimiti(Th«t 
mtntirts  roQuirt  no  wNtstmints) 


BiilionOkr 
(1«75prtcii) 


4MilQn0lr 


16M«onOhr 


2  bHUon  Olv 


t  t3^n.  Survey  of  eneify  savinii  in  Denmark,  19^7-90;  "mill  Gcil"  milliont 
of  lipcalones  -  10"  calories;  Dkr  -  DaAish  kroner.  (5v«i  Bj^mholm,  Energy  tn 
Denmark.  1990  and  2005,  Neiis  Bohr  Inttituie,  2976,  p.  34) 


consklertble  overall  advantage  to  the  economy— 
also  to  the  reliability  of  Danish  energy  supplies 
and  to  the  environment. 

Low-Energy  Study  for  the  United  Kingdom.  In 
London,  the  International  Institute  for  Environ- 
ment and  Development  has  studied  the  potential 


for  energy  conservation  in  the  U.K.*^  The  Insti- 
tute's study  uses  the  official  U.K.  Department  of 
Energy  estimates  of  GNP  growtf**  and  examines 

^  For  the  next  10-15  yean  GNP  is  assumed  to  grow  as  fut  a., 
or  faster  than  during  the  1960i.  By  2025  GNP  itmghly  doubles 
in  one  case;  it  trebles  in  another. 
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FliPR  13-16.  .raditioiMl  and  reducwl  demand  for  energy  in  Dennaric,  1990  ind  2005,  thoving 
quantities  of  fuel  by  type  of  demand.  Fuel  oontumption  it  cakulated  by  auuming  tne  losies  in  the  fuel 
conver«k>a  and  distribution  system  that  applied  in  1975.  {Svtn  Bj4mhoim,  Eneiw  in  Denmark  1990 


alternative  strategies  for  supplying  the  needed 
energy.  The  study  assumes  a  scries  of  policies 
encouraging  efficient  use  of  energy.  These  in- 
clude: 

*  Improved  theitnal  performance  of  new  residen- 
tial dwellings,  offices,  public-sector  buildings, 
such  as  schools  and  hospitals,  ^nd  industrial 
buildings  (by  tightening  the  building  regula- 
tions); 

•  Energy  performance  standards  for  cars  (and 
possibly  also  light-goods  vehicles)  to  accelerate 
and  ensiure  the  timely  implementation  of  tech- 
nical developments  already  under  ^ay  in  the 
motor  industry; 

•  Energy  performance  standards  for  major  house- 
hold electrical  goods  and  cooking  stoves  to  en- 
sure the  introduction  of  relatively  simple,  low 
cost  improvements  (such  as  better  insulation) 
and  similar  standards  for  lighting; 

*  Po»tbIe  legislation  to  reduce  the  use  of  oil  in 
beating  homes,  offices,  and  public-sector  build- 
ings, as  well  as  in  industrialized  boilers  (''pos- 
sible legislation/*  because  the  authors  believe 


that  the  gradual  reduction  assumed  may  occur 
without  legislation). 

The  study's  conclusions  (in  the  authors*  words) 
are  as  foUovs: 

•  In  2000  the  U.K.  could  be  entirely  self-sufficient 
on  North  Sea  oil  and  gas  even  on  central  esti- 
mates of  reserves. 

•  Coal  production  need  be  only  some  120  million 
[metric  tons]  a  year,  far  below  the  170  million 
target  in  the  [U.K.J  "Plan  for  Coal.^* 

•  From  1976--2000  we  have  assumed  the  construc- 
tion of  only  4.5-6.5  GW  [gigawatu]  of  nuclear 
capacity,  or  three  to  five  average-si^ed  stations, 
compared  to  30  GW  in  the  current  Department 
of  Energy  reference  forecast.  If  more  were  built 
there  would  be  such  a  surplus  of  generating  ca- 
pacity that  a  dioice  would  have  to  be  made  be- 
tween leaving  nuclear  stations  idle  and  reducing 
coal  production  to  uncomfortable  low  levels. 

•  Over  the  same  period,  only  26-30  GW  of  gen- 
crating  capadty  of  all  kinds  need  be  built  (most 
of  it  replacing  existing  plant)  compared  to  83 
GW  in  the  Energy  Department's  reference  fore- 
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cast.  The  saving  in  capital  investment  would  be 
around  £26-30,000  million  for  the  plant  alone, 
or  well  over  £1,000  million  a  year.  We  v/ould 
be  most  surprised  if  this  did  not  greatly  exceed 
the  costs  of  all  the  energy  conservation  meas- 
ures we  have  assumed  for  all  sectors  and  fuels. 

•  After  2000  the  only  significant  fuel  shortfalls  are 
in  North  Sea  oil,  taking  the  central  estimate  of 

.  reserves.  This  **gap"  reaches  an  annual  36-47 
million  [metric  tons]  of  oil  by  2025  in  the  Low 
and  High  cases  respectively,  or  roughly  half  re- 
cent levels  of  oil  imports.  It  could  be  filled  from 
several  sources,  either  from  the  large^uantities 
of  efude  oil  that  should  even  then  be  flowing  in 
world  trade  or  by  the  import  of  liquid  fuels  made 
from  crops  grown  in  the  tropical  behs.  .  .  . 

•  Coal  production  need  be  only  128-148  million 
{metric  tons  J  in  2025,  or  well  below  the  present 
target  for  2000.  . 

•  Electricity  output  can  be  met  by  building  only 
6  GW  of  nuclear  capacity  in  the  first  quarter  of 
the  next  century.  Nuclear  power  in  our  projec- 
tions thus  becomes  a  peripheral  issue  and  could 
be  abandoned  as  an  option  if — for  whatever  lea- 
son — it  became  prudent  to  do  so.  We  have,  how- 
ever, assumed  a  continuing  nuclear  progranKmc 
at  a  **tick  over"  level  sufficient  to  keep  the  in- 
dustry alive  as  an  insurance 'measure. 

•  The  fast  breeder  reactor  and  the  plutonium  fuel 
cycle,  with  all  their  risks  of  nuclear  weapon  pro- 
liferation and  public  opposition,'  could  be  shelved 
indefinitely.** 

Commercial  Energy  in  Industrial  Societies- 
Environmental  Prospects 

The  DOE  {Projections  and  the  hard  and  soft 
path  studies  reviewed  here  all  suggest  that  kna- 
jor— perhaps  eveii  massive— changes  in  the  world's 
commercial  energy  economy  will  inevitably  be  in 
progress  well  before  2000  and  that  these  changes 
in  the  energy  economy  could  well  bring  with  them 
major  environitiental  consequences  throughout 
the  world.  The  type  and  magnitude  of  the  envi- 
ronmental impacts  depends  largely  on  the  choice 
of  technologies  to  be  employed  in  the  energy  sec- 
tor of  the  economy  to  provide  energy  for  end-use 
needs,  i.e.,  the  production  of  goals  and  services. 

As  already  noted,  there  is  a  spectrum  of  tech- 
nological options  open  for  the  future  of  the  energy 
sector.  The  si>ectnim  ranges  from  the  soft  path 
,  (emphasizing  both  efficient  use  of  energy  in  the 
energy  sector  itself  and  renewable  forms  of  en- 
ergy, especially  solar,  for  primary  sources)  to  the 
hard  path  (emphasizing  large  increases  in  primary 
energy  production,  especially  coal  and  nuclear 
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generation  of  electricity  and  the  production  of 
synthetic  fuels).  Options  at  the  soft  path  end  of 
the  spectrum  lead  to  a  relatively  efficient  energy 
sector,  capable  of  meeting  d-use needs  with  less 
primary  energy  imputs  tl  an  )ossible  with  options 
near  the  hard  end  of  the  jpectrum.  Every  option 
along  the  hard-soft  speotrum  produces  social  and 
environmental  side  effects.  While  most  studies 
suggest  that  options  toward  the  soft  end  of  the 
spectrum  produce  iitipacts  less  serious  than  op-  ' 
tions  toward  the  hard  end,  the  soft  options  too 
have  their  effects.  The  Solar  Sweden  report  dis- 
cussed above  canditlly  acknowledges  concern  over 
intensive  energy  jplantations,  and  the  brief  men- 
tion in  the  report  of  the  International  Institute  for 
Environment  and  Development  of  **the  import  of 
liquid  fuels  made  from  crops  grown  in  the  tropical 
belts"  might  involve  some  significant  environ- 
mental implications  outside  the  U.K. 

It  is  now  widely  recognized  and  accepted  that 
the  largely  undesirable  side  effects  of  energy-sec- 
tor development  must  be  taken  into  account  in 
the  selection  and  development  of  energy  futures, 
but  it  is  not  yet  widely  understood  that  these  side 
effects — rather  than  resource  or  narrdw  economic 
considerations — define  the  energy  dilemma  in  the 
long  term.  As  noted  in  the  DOE-sponsored  Cal- 
ifornia Distribut:.'d  Energy  Study: 

The  energy  problem  resides  fundamentally  in  the 
fact  that  the  relation  between  energy  and  well- 
being  is  two-sided.  The  application  of  energy  as 
a  productive  input  to  the  economy,  yielding  de- 
sired goods  and  services,  contnbutes  to  wdl 
being;  the  environmental  and  social  costs  of  get- 
ting and  using  energy  subtract  from  it.  At  some 
level  of  energy  use,  and  for  a  given  mix  of  tech- 
nologies of  energy  supply,  further  increases  in 
energy  supply  wiliprociuce  incremental  social  and 
environmental  costs  neater  than  the  incremental 
economic  benefits— ^hat  is  growth  [in  energy  con- 
sumption] begins  to  do  more  harm  than  good. 
This  level  can  be  said  to  define  a  rational  *1imit 
to  growth,"  as  distinct  from  a  strictly  physical  one. 

That  such  a  level,  bejrond  which  energy  growth 
no  longer  pays,  exists  in  principle  for  any  mix  of 
technologies  of  supply  and  end-use  is  easily  shown 
from  basic  economics  and  physical  science;  pre- 
dicting its  magnitude  exactly  is  much  harder,  the^ 
more  so  because  social  costs  even  less  quantifiable 
than  environmental  ones  may  dominate.  Lovins*** 
evidently  believes  that  the  Uni  Stdtes  is  already 
near  or  beyond  the  ooint,  riven  the  "hard"  energy 
technologies  on  wnich  it  relies,  where  further 
growth  hurts  more  than  it  helps.  Whether  he  is 
right  or  wrong  about  exactly  where  we  are  now, 
however,  or  in  specific  judgments  about  the  merits 
of  **hard"  versus  **soft"  technologies,  it  is  clear 
that  energy  policy  for  :he  long  term  shotld  be 
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shaped  by  awareness  that  social-environmental 
costs,  not  exhaustion  of  resources,  will  limit  the 
amount  of  human  well-bein^  derivable  from  en- 
ergy. Maximizing  this  quantity  will  require  striv- 
ing for  technologies  of  energy  supply  with  low 
social  and  environment^lcosts  per  unit  of  energy 
dbliverra,  and  fostering  p^tems  and  technologies 
of  energy  end-use  that  squeeze  from  caclr  such 
unit  the  maximum  contribution  to  human  well- 
being. 

This  perspective,  then,  elevates  environmental 
and  social  characteristics  to  the  top  of  the  list  of 
criteria  useH  to  select  supply  technologies  from 
the  n;?nu  of  genuinely  lone-term^options— fission 
breeder  reactors,  fusion,  airect  and  indirect  har- 
nessing of  solar  flows,  and  possibly  some  forms 
of  geothermal  energy.  It  rationalizes  the  possi- 
bility that  society  will  choose  to  pay  more  (in 
economic  terms)  for  a  more  benign  enersy  source 
than  for  a  less  benign  one.  And  it  argues  for  using, 
as  a  criterion  for  selecting  short-term  and  transi- 
tion energy  sources,  the  extent  to  which  these 
promote  and  facilitate  the  transition  to  a  longer 
term  energy  future  built  on  more  benign  sources 
and  efficient  end-use. 

Given  a  perspective  that  places  environmental 
and  social  impacts  at  the  heart  of  the  energy  pre- 
dicament rather  than  on  the  periphery,  it  becomes 
essential  to  compare  the  impacts  produced  by  al- 
ternative energy  options  systematically,  compre- 
hensively, ana  objectively 

The  environmental  and  social  impacts  of  alter- 
native energy  options  for  the  next  two  decades 
have  not  been  compared  ''systematically,  com- 
prehensively, and  objectively"  for  the  U.S.,  let 
alone  the  world.  While  these  ideas  will  never  be 
fully  achieved,  progress  is  being  made  and  should 
continue.  For  the  U.S.,  the  DOE-MITRE  study,* 
DOE-sponsored  California  Distributed  Energy 
Study,  and  the  CEQ  comparison  of  alternative 
energy  futures — all  three  summarized  above — are 
the  most  current  (but  stil!  highly  inadequate)  ef- 
forts. On  the  worid  level,  the  primary  analyses 
now  available  that  address  energy-related  envi-  , 
ronmental  and  social  impacts  are  a  few  very  brief 
reports  by  the  U.N.  Environment  Programme** 
and  the  works  by  Lovins  already  cited. t  On  the 


*$ince  this  text  was  drafted,  DOE  released  its  second  National 
Energy  Plan  (NEP-II),  which  includes  an  appendix  on  envi- 
ronmenUi  impacts  (DOE  Office  of  the  Assistant  Secretary  ior 
Environment,  National  Energy  Plan  H,  Appendix:  Environ- 
mental  Trends  and  Impacts,  Washington,  May  2979).  The  ap- 
pendix contains  tnfornuiion  quite  similar  to  the  DOE*MITRE  { 
study,  phia  an  analysis  of  the  environmental  implications  of 
tpecific  NEP-II  initiatives. 

tSeveral  p«nons  reviewing  the  manuscript  of  this  Study  sug- 
gested adding  to  these  the  rcfwrt  of  the  Workshop  on  Alter- 
native  Energy  Strategies  {Energy  Global  Prospects  1985-2000, 
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basis  of  the  analyses  now  available,  only  two 
things  can  be  said.  The  first  is  that  the  more  ef- 
ficient energy  sector  produced  by  soft  path  options 
leads  to  a  need  for  less  primary  energy.  The  sec- 
ond is  that,  to  the  extent  that  primary  energy  pro- 
duction leads  to  undesirable  social  and 
environmental  impacts  and  to  the  extent  that  soft 
path  technologies  are  less  damaging  to  the  envi- 
ronment, a  shift  toward  the  soft  path  options  can 
be  expected  to  reduce  these  impacts.* 

Systematic,  con^ehensive  and  objective  anal- 
yses of  alternative  energy  options  are  urgently 
needed.  These^  studies  will  not  be  done  easily  or 
quickly,  but  in  their  absence  it  may  be  difficult  to 
obtain  public  support  of  any  choice  of  energy  pol- 
icy. As  time  goes-on,  the  situation  (as  Fig.  13-12 
suggests)  will  only  become  more  urgent,  and  op- 
tions may  become  more  restricted.  Lovins,  for 
example,  argues  that  some  options  will  be  effec- 
tively foreclosed  by  delay.  ^  (There  have  been 
sharp  exchanges  between  Lovins  and  his  cntics  on 
this  point,*'*)  It  is  clear,  however,  that  the  world's 
remaining  petroleum  resources  need'  to  be  in- 
vesfed  wisely  in  infrastructure,  and  capital  needs 
to  be  well  matched  to  genuinely  long-term  energy 
options.  The  choice  of  both  the  long-term  options 
and  the  tran^sitional  approaches  can  be  facilitated 
by  further  attention  to,  and  analysis  of,  the  as 
sociated  social  and  environmental  impacts. 

^foncomlnercial  Fuels 

The  preeminent  noncommercial  fuel  through- 
out the  world  is  wood.  (Charcoal,  also  important. 

New  York:  McGraw-Hill,  1977)  and  the  works  of  the  World 
Energy  Conference  tsee  especially  World  Energy  Commission 
of  the  World  Energy  Conference,  World  Energy  Looking 
Ahead  to  2000,  New  York:  IPC  Science  and  Technology  Press, 
1978).  Neither  is  appropnate.  The  WAES  report  deals  with 
only  a  part  of  the  world  and  concludes  its  treatment  of  the 
environment  in  less  than  two  pages.  The  WEC,  as  noted  ear- 
lier, is  only  now  beginning  to  consider  the  environmental  im- 
plications of  energy  scctotiievck)pment  (Robert  J.  Raudebaugh, 
Execitive  Direetor  of  the  WEC's  U.S.  National  Committee, 
personal  communication,  Feb.  15,  1979). 
*Aiditional  analyses  on  these  points  are  Hccoming  available. 
•These  iitcludcthe  report  of  the  Energy  Project  at  the  Harvard 
Business  School  (Robert  Stobaugh  and  David  Yergin,  cds.. 
Energy  Future,  New  York^  RaAdom  House,  1979)  and  the 
forthcoming  repoh  of  the  Pe^and  and  Conservation  Panel 
of  the  National  Academy  of  Sacnces'  Committee  on  Nuclear 
and  Altctnative  Energy  Systems  (discussed  in  part  in  "U.S. 
Energy  Demand  r  Some  Low  Energy  Futures,"  Science,  Apr.  ' 
14,  1978,  pp.  142-52).  Both  reports  point  to  the  advantages 
of  an  efficient  energy  sector  of  the  economy  and  to  the  econ- 
omies of  consolation.  This  last  point  ts  made  effectively  in 
Energy  The  Case  for  Conservation  by  Denis  Hayes  (World- 
watch  Paper  4,  Washington:  Worldwatch  Institute,  Jan.  1976). 
All  three  reports  support  the  general  points  made  in  the  text 
above. 
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is  derived  from  wood.)  Only  in  the  developing 
oountriet,  however,  does  firewood  continue  to  be 
a  major  fuel;  90  percent  of  the  worlds  fueiwood 
consuiuptkMi  it  in  the  LDd.^^  Wmidwide,  the 
energy  derived  from  wood  amounted  to  13.3  x 
10^  Btu  in  1974,  roughly  the  tame  amount  as  the 
total  from  hydroete^ric  sources.^  Dried  dung 
(providing  an  estimated  1.7  x  lO^'^Btu  in  1974) 
am  crop,  residues  (providing  an  estimated  1  x 
10^  Btu  in  1974)  are  the  other  major  noncom- 
mercial fiiels.^  They  are  important  in  densely 
populated  regions,  such  as  northern  Itt(tia's  Gan- 
getic  Plain,  and  in  the  treeless  Andean  mountains 
in  South  America.  Thus  the  noncommercial  fuel»— 
wood,  charcoal,  dried  dung,  and  crop  residw&»— 
are  all  or^nic  fiieb. 

Statistics  concerning  noncommercial,  organic 
fuels  are  incomplete,  due  to  the  inherent  (Uffi* 
cuhies  in  collecting  such  dat£,  and  to  the  relative 
lack  of  attention  given  Aese  forms  of  energy  by 
governments  and  worid  organizations.  The  United 
Natioas  Fdod  and  Agriculture  Organization  (FAO) 
has  attempted  over  the  past  decade  to  survey 
these  fuels  even  partially. 
,  It  is  not  possible  to  make  a  pfeds^  distinction 
between  commercial  and  noncommercial  fiiels. 
Large  quantities  of  firewood  are  marketed  com* 
merdally,  and  the  sf^tistics  now  available  on 
wood  consumption  iiidudc  wood  converted  to 
commercial  charcoal  (estimated  at  S  percent  of 
the  total  fueiwood  consumption)  along  with  non-. 
conunercial  firewood.  Dung  is  also  sold  to  some 
extent,  so  that  if$  noncommercial  designation  is 
not  entirely  accurate.  Furthermore,  CTop  residues 
.are  increasingly  being  used  along  with  animal 
manure  in  the  production  of  methane  gas  on  a 
commercial  bam,  so  that  the  noncommercial  cat- 
egory b  not  precise  in  this  case  either.  Although 
the  discussion  that  follows  focuses  on  the  non- 
commercial uses  of  these  organic  fuels,  there  is 
a  discernible  trend  toward  commercialization. 

Wood,  dung,  and  crop  wastes  are  used  through- 
out ibe  LDCs  as  a  source  of  energy  for  the  prep- 
aration of  meals  and  for  heating.  An  estimated 
1.0-l.Si>ilUon  persons^  (more  than  a  quarter  of 
the  total  world  population)  ut^  fuehvood  as  their 
primary  energy  source  for  cooking.  Most  of  these 
persons  are  located  in  rural  areas  where  firewood 
has  traditionally  been  a  free  good.  An  additional 
100  million  or  more  persons  \ise  dried  dung  and 
crop  wutes  for  the  same  purpose.^'' 

Global  estimates  of  the  share  of  noncommercial 
energy  in  the  totil  energy  picture  in  developing 
countries  vary  widely  from  a  high  of  70  percent 
to  a  low  of  30  percent.^  It  is  known  that  these 
fueb  (wood,  dung,  and  crop  wastes)  account  for 


approximately  56  percent  of  the  total  energy  con- 
sumption in  India  and  58  percent  of  the  total  in 
Africa.  Commercial  energy— coal,  gas,  dl,  elec- 
tricity, aiKl  diarooal-Hs  used  almost  exclusively 
by  the  wealthiest  20  percent  of  the  people  in  poor 
countries.*" 

It  was  once  hoped  that  fossil  fuels  (eq)ecially 
kerosene)  would  reduce  fueiwood  and  diarcoal 
use,  thereby  decreasing  deforestation  pressures. 
The  r^rnl  increases  in  fossil  fiiel  prices  since  1973, 
however,  have  largely  eliminated  this  hope.  The 
rate  of  growth  in  ihC  kerosene  consumption  has 
been  slowed  significantly,  and  the  demand  for 
fiiehifood  and  charcoal  is  thought  to  be  rising  rap- 
idly, in  q>ite  of  percentage  inoeases  in  the  prices 
of  these  fuels  that  are  as  large  or  larger  than  the 
percentage  increases  in  the  price  of  fossil  fuels. 
Switdiing  from  kerosene  to  fuehvood  has  been 
repented  in  parts  ot  Africa^  and  is  probJ>ly  oc- 
curring in  many  other  poor  LDC  areas  where  fuel- 
wood  is  still  relatively  plentiful.  As  a  result,  the 
demand  for  fueiwood  and  charcoal  in  the  years 
ahead  may  grow  as  fast  as-H)r  even  faster  than— 
LDC  populations. 

The  primary  environmental  consequences  of 
fueiwood  consumption  are  those  associated  with 
deforestation^  described  earlier  in  this  chapter.  In 
the  para^aphs  th£t  follow,  a  few  additional  en- 
ergir-speofic  impac ts  associated  ^  ith  fueiwood  are 
presented.  The  discussion  then  turns  to  the  im- 
pacts of  the  use  of  dung  and  organic  residues  for 
fuel  impacts  which  are  serious  for  soil  productiv- 
ity. The  discussion  concludes  with  a  consideration 
cf  the  prospects  for  controlling  the  environmental 
impacts  of  nonconunerci^l  fuels. 

FaSIWOOu 

Today  there  is  an  inverse  relationship  between 
the  level  of  economic  development  and  the  use 
of  fiieNfOod.  The  poorest  countries  or  regions  use 
the  most  fueiwood;  it  is  the  principal  source  of 
fuel  for  the  poorest  families  in  these  regions.  Do- 
mestic energy  requirements  i;«  jdeveloping  coun- 
tries range  from  a  low  of  0.2  m'  (cubic  meters) 
of  wood  per  person  per  year  burned  in  open  cook- 
fires  in  tree-short  South  Asia,^  to  a  medium  of 
0.5  m'  in  the  warm  tropics  aiid  to  a  high  of  over 
2  m'  per  person  per  year  in  the  colder  uplands; 
where  wood  is  bumied  for  both  cooking  and 
warmth.^  The  average  annual  per  capita  con- 
sumption where  wood  is  abundant  is  about  1  m' 
(app  ^ximately  450  kg  of  wood),*  but  it  drops  to  - 

*For .  .  .ison,  •  cord  of  wood  (a  common  measure  in  the 
U.S.)  is  i  ^le  meitturins  4  x  4  x  8  feet  (128  ft'  or  3.6  m*) 
Therefore,  1  m'  of  wood  it  less  than  OJ  oord. 
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less  than  0.5  m  *  in  wood*poor  areas  such  as  China, 
India,  ihe  Near  East,  and  North  Africa."* 

The  demand  for  fuelwood  in  developing  coun* 
tries  is  estimated  (largely  on  the  basis  of  data 
collected  before  the  major  oil  price  increases 
started  in  1973)  to  have  been  growing  1-2  percent 
per  year.  Based  on  this  growth  rate,  the  FAO 
projected  in  1976  that  consumption  would  reach 
i  2  billion  cubic  meters  annuaUy  by  the  year  2000.*" 
In  contrast,  fuelwood  consumption  in  developed 
nations  was  falling  at  the  rate  of  6  percent  per 
year  in  1975  and  represented  less  than  1  percent 
of  the  total  energy  consumed  by  these  coun- 
tries. (This  downward  trend,  however,  may 
now  have  been  reversed  as  a  result  of  the  recent 
rapid  increases  in  the  cost  of  fossil  fuels.)  In  1977 
the  FAO  revised  its  estimate  upwards  to  a  2.2 
percent  annual  increase  in  demand  in  LDCs  and 
predicted  that  by  1994,  there  would  be  a  fuelwood 
shortage  of  650  million  cubic  meters  annually  in 
wood*poor  countries.*^  For  comparison,  this  fig- 
ure is  roughly  one  quaiter  of  the  year  2000  fuel- 
wood  consumption  projected  by  the  FAO. 

Wood  is  the  only  household  fuel  for  most  of 
the  rural  families  in  the  developing  worid,  and 
even  urban  families  meet  as  much  as  25  percent 
of  their  fuel  needs  with  fuelwood.  However, 
because  of  its  high  weight  per  unit  fuel  value, 
wood  is  seldom  collected  from  farther  away  than 
10  kilometers^nd  ordinarily  is  not  transported  by 
road  from  beyond  50  kilometers.  Therefore  scarc- 
ities tend  to  be  local.  Still,  as  scattered  rural  pop- 
ulations deplete  local  wood  resources,  entire 
regions  become  treeless,  and  an  increasing  effort 
must  be  exerted  to  find  and  carry  wood  to  the 
home  In  the  arid  Sahel  of  Africa,  the  gathering 
of  fuelwood  has  become  a  fuU-time  job,  requirijig 
in  phu:es  360  person-days  per  year  pet  house- 
hold.** Urban  families,  too  far  from  collectible 
wood,  spend  20-30  percent  of  their  income  on 
wood  in  some  West  African  cities.  Large  indus- 
tries involving  trucks  or  animal  carts  exist  to  bring 
fuelwood  into  cities.*"  When  demand  is  concen- 
trated in  large  towns  or  cities,  the  surrounding 
areas  become  barren  to  a  distance  of  as  much  as 
50-100  kilometen.*" 

FAO's  annual  shortfall  of  650  million  cubic 
meten  of  fuelwood  by  1994  is  an  alarming  pro- 
jection. It  implies  the  reduction  of  essential  fuel 
consumption,  expanded  deforestation,  increased 
wood  prices  and  growing  amounts  of  dung  shifted 
from  field  to  fireplace.*  The  fuelwood  problem 
is  every  bit  as  great  for  the  poor  LDC  rural  dweller 
at  ii  the  problem  of  increased  petroleum  costs  for 
the  more  affluent  citizen  of  the  devek>ped  world. 
There  are  qo  panaceas  or  quick  fixes  for  the 


fuelwood  problem.  Tree  plantations  established 
today  will  require  at  least  10  years  of  growth  prior 
to  harvest,  and  growth  rates  are  slow  in  the  semi- 
arid  r^ons  where  scarcities  are  already  critical. 
In  the  Sahel,  annual  production  of  wood  in  native 
scrub  forests,  on  a  continuous  basis,  ranges  from 
less  than  0.5  m^  per  hectare  at  the  desert's  edge— 
or  enough  for  only  one  person's  fuel  needs--to 
up  to  5  m  ^  per  hectare  in  the  less  arid  belt  adjacent 
to  the  wooded  savanna.  *'•  Near  the  wooden  sa- 
vanna, a  hectare  of  well-tended  forest  could  sat- 
isfy the  fuel  needs  of  a  family  of  six  or  more.*^' 
Since  the  region's  remaining  forest  stock  has  not 
yet  b^n  measured,  the  extent  of  the  present  fuel- 
wood  supply  is  not  known,  but  local  scarcities  are 
evidenced  by  the  treeless  landscapes  around 
towns.  The  Club  du  Sahel*  notes  that  where  pop- 
ulations exceed  25  persons  per  souare  kilometer, 
total  deforestation  is  inevitable  ,^nd  many  areas 
of  the  Sahel  have  already  surpassed  this  popula- 
tion density,*^  By  the  year  2000,  the  Club  esti- 
mates that  total  firewood  consumption  will  increase 
from  the  1975  figure  of  16  million  to  33.5  million 
cubic  meters,  including  9.8  million  burned  in  cit- 
ies.*^ To  meet  this  demand  it  is  calculated  that 
150,000  hectares  per  year  of  forest  plantations 
would  have  to  be  established— 50  times  the  pres- 
ent rate  of  3,000  hectares  per  year.*" 

The  picture  is  not  all  bleak,  however.  Wood 
can  be  conserved  through  the  u^  of  mo*'e  efficient 
stoves.  In  many  areas  the  potential  for  conser- 
vation exists  for  ample  village  woodlots.  The  con- 
straints in  most  areas  are  more  sociological  than 
technical,  though  the  difficulty  of  sociological  con- 
straints is  not  to  be  underestimated.*^^ 

CharaMd 

The  manufacture  and  commercial  use  of  char- 
coal appears  to  be  increasing  in  the  LDCs,  where 
it  is  used  primarily  for  cooking  and  heating  in 
rural *and  urban  areas.  Much  of  the  increase  is  in 
urban  areas.  The  increasing  use  of  charcoal  in 
cities  is  explained  by  a  combination  of  factors: 
increases  in  prices  of  kerosene,  liquid  gas,  and 
electricity;  lack  of  fuelwood  as  deforestation  ex- 
tends beyond  distances  from  which  it  can  be  eco- 
nomically transported;  and  increasing  urbanization 
of  LDC  populations.*^ 

Information  on  the  production  and  use  of  char- 
coal is  not  routinely  collected  by  many  nations, 
and  as  a  result  the  data  now  available  are  not 
sufficient  for  making  detailed  projections.  How- 
ever, the  information  that  is  available  from  sev- 


*  An  intemattonal  voluntary  associadon  of  natiofu.  organized 
to  mobilize  aitistance  to  drought  itricken  Sahelian  states. 
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eral  countries  indicates  increases  in  both  the  rate 
of  consumption  and  the  price  of  charcoal  in 
LDCs.*"  In  Ghana,  which  has  desert  scrub,  sa- 
vanna woodlands,  and  humid  evergreen  forests, 
charcoal  consumption  in  1975  was  estimated  at 
over  280,000  tons,  and  use  was  srowing  at  an  es- 
timated 2.7  percent  per  year^  Kenya's  con- 
sumption in  1972  was  310,000  tons,  half  of  it  in 
cities,  and  demand  was^ growing  at  7  percent  per 
year. ^  For  the  poor  communities  that  ring  cities 
in  Kenya,  charcoal  is  now  the  major  fuel.  In  Moz- 
ambique, 6,000  families  earn  their  livelihood  by 
supplying  charcoal  ^o  the  capital  city  Maputo.  ^ 
Even  in  rural  areas  of  East  Africa,  up  to  50  per- 
cent of  the  people  buy  their  charcoal.  In  Sudan 
and  Thailand,  charcoal  represents  over  40  percent 
of  the  wood  consumed  for  fuel;  in  India,  however, 
its  use  is  relatively  small .  ^  In  general ,  the  pattern 
appears  to  be  one  of  an  increasing  trade  in  char- 
coal in  urban  markets,  particularly  in  low-income 
quarters,  and  an  increasing  amount  of  charcoal 
manufacture. 

While  most  charcoal  is  used  for  domestic  cook- 
ing and  heating,  Brazil,  the  worid's  largest  char- 
coal producer,  uses  most  of  it^  production  for 
smelting  pig  iron,  45  percent  of  which  is  smelted 
with  charcoal.  Brazil  burned  3.6  million  tons  of 
charcoal  in  smelters  during  1978  and  this  figure 
is  expected  to  increase  at  10  percent  per  year, 
doubling  every  7  years. ^  In  the  State  of  Minas 
Gerais,  where  56  smelters  supply  85  percent  of 
Brazil's  pig  iron,  virtually  all  of  the  original  55 
miUion  hectares  of  forest  have  been  removed, 
latgely  for  charcoal  production.  At  present  rates 
of  cutting,  there  will  be  no  more  savanna  forest 
in  Ml  nas  Gerais  by  1982 .  ^  To  ensure  a  continuing 
supply  of  wood  and  charcoal,  the  Brazilian  gov- 
ernment enacted  a  law  in  1967  requiring  wood- 
using  industries  to  be  self-sufficient  in  wood  by 
1982.  A  successful  program  of  fiscal  incentives 
(now  reduced)  resulted  in  the  establishment  of 
over  1.5  million  hectares  of  eucalyptus  by  late 
1978.  •*» 

The  actual  combustion  of  charcoal  fuel  has 
minimal  direct  environmental  impact.  It  is  cleaner- 
burning  than  wood  or  co^l.  Its  sulfur  content  is 
roughly  one  tenth  that  of  even  coking  coal,  mak- 
ing it  an  ideal  smelting  fuel.^  It  has  twice  the 
caloric  value  of  most  air-dried  wood,  at  less  than 
half  the  weight,  and  as  a  result  it  can  be  trans- 
ported from  much  greater  distances  than  wood. 
The  carbonization  process  used  to  make  charcoal 
consumes  some  energy  to  drive  off  water  and 
other  volatile  substances,  but  if  wood  is  used  as 
the  energy  source,  it  is  energy  that  otherwise 
probably  would  not  be  used  or  sold  because  of 


local  surpluses  or  the  cost  of  transporting  the 
wood. 

The  indirect  environmental  effects  of  charcoal 
use  are  more  significant.  Because  charcoal  is  such 
an  attractive  alternative  fuel  for  urban  uses,  and 
because  its  manufacture  is  a  simple  and  univer- 
sally known  technology,  future  conversion  of  for- 
ests and  other  vegetation  to  charcoal  will  contmue 
to  be  an  important  and  probably  increasing  activ- 
ity in  LDCs.  Uncontrolled  deforestation  and  its 
consequences  (described  earlier  in  this  chapter) 
will  therefore  be  a  parallel  and  increr'-tng  result 
of  intensified  charcoal  trade  and  mant  :.iure.  A 
related  social  cons«;quence  will  be  a  uecline  in 
self-sufficiency  among  rural  dwellers  who  will  lose 
the  natural  vegetation  they  now  exploit  for  mul- 
tiple purposes— medicine,  construction  materials, 
tool  >iooods,  food,  livestock  forage,  vegetable 
gums,  etc.^  The  establishment  of  fast-growing 
fuelwood  plantations  of  such  species  as  eucalyptus 
will  ensure  a  continuing  supply  of  fuelwood,  but 
will  not  replace  the  numerous  other  uses  of  native 
vegetation.  These  environmental  and  related  so- 
cioeconomic consequences  will  be  particularly 
noticeable  in  the  areas  around  large  cities,  out  to 
a  distance  of  perhaps  as  much  as  200  kilometers, 
depending  upon  the  cost  of  transport.  If  the  land 
is  available  and  plantings  can  be  encouraged  and 
protected,  large  blocks  of  eucalyptus  (or  other 
fast-growing  species  such  as  pines  or  the  acacia 
Leucaena)  can  be  expected  to  replace  the  diverse, 
slower-growing  native  forests  in  the  vicinity  of 
large  cities.  Otherwise,  the  native  forests  near 
cities  may  simply  be  removed  and  not  replanted. 

Dung  and  Crop  Residues  as  Fuel 

Once  fuel^  'ood  demands  exceed  forest  produc- 
tion ,  a  variety  of  stresses  and  changes  begin.  Arid 
regions  have  virtually  no  alternatives  to  fuelwood, 
and  after  it  is  gone  desertification  is  speeded*  In 
more  humid  agricultural  regions  that  have  become 
deforested,  the  alternative  open  to  poor  people 
is  to  turn  to  burning  dung  and  crop  residues 
(stalks,  hulls,  etc.)  for  cooking  and  warmth. 

The  shift  to  dung  and  crop  residues  is  already 
well  advanced  in  the  treeless  Gangetic  Plain  of 
India,  Nepal,  other  parts  of  Asia,  and  the  Andes 
of  South  America.**  The  FAO  reports  that  in 
1970  India  burned  68  million  tons  of  cow  dung 
and  39  million  tons  of  vegetable  waste,  repre- 
senting 35  percent  of  her  total  noncommercial 
energy  consumption.^  Worldwide,  an  estimated 
1$(M00  million  tons  of  dung  are  burned  for  fuel, 
the  lower  estimate  being  equivalent  to  13  percent 
of  the  amount  of  energy  provided  by  firewood. 
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Dry  dung  has  about  the  same  caloric  value  as 
wood  per  unit  weight.^ 

The  burning  of  dung  and  crop  residues  is  a  dis- 
astrous loss.  For  the  world's  poor,  these  organic 
materials  are 'the  only  sources  of  the  nutrients 
needed  to  maintain  the  productivity  of  farmlands. 
It  is  the  poorest  people— the  ones  least  able  to 
afford  chemical  fertilizers — who  are  now  being 
forced  to  burn  their  organic  fertilizers.  The  com- 
bustion of  dung  and  crop  residues  is  equivalent 
to  burning  food.  One  ton  of  cow  dung  contains 
enough  nutrients  to  produce  50  kilograms  of  food 
grain,  which  in  turn  can  feed  one  person  for  four 
months.  The  burning  of  almost  70  million  tons 
of  cow  dung  in  India  wastes  nutrients  equal  to 
rore  than  one-third  of  India's  chemical  fertilizer 

In  the  LDCs  the  potential  contribution  of  or- 
ganic materials  (including  human  wastes)  to  soil 
fertility  is  enormous.  The  Food  and  Agriculture 
Organization  reports  that  in  a  study  done  by  J. 
C.  C.  van  Voorhoeve  for  the  World  Bank  the 
amount  of  nitrogen,  potassium,  and  phosphorus 
potentially  available  to  the  LDCs  from  organic 
sources  in  1971  was  7.8  times  the  amount  actually 
applied  that  year  as  chemical  fertilizer,  worth  $16 
billion  at  1973  priced.  For  1980,  the  van  Voor- 
hoeve study  found  that  at  least  80  million  metric 
tons  of  organic  nutrients— worth  $21  billion- 
could  be  supplied  from  organiosources.**^  If  the 
amount  of  dung  burned  increases  in  proportion 
to  population  growth  (the  same  assumption  made 
.  for  fuelwood  consumption),  250-^70  million  tons 
per  year  would  be  burned  annually  by  2000,  rep- 
resenting a  loss  of  approximately  5-13  million 
metric  tons  of  nitrogen  (assuming  2  percent  ni- 
trogeli  dry  weight).  In  monetary  terms,  these  lost 
nutrients  would  be  worth  roughly  $2  billion  an- 
nually. 

It  is  essential  to  understand  that  while  inorganic 
substitutes  exist  for  organic  sources  of  nitrogen, 
potassium,  and  phosphorus,  there  is  no  substitute 
for  organic  matter  itself.  The  proteins,  cellulose, 
and  lignins  that  comprise  plant  residues  increase 
the  porosity  and  water-holding  capacity  of  soils, 
thereby  serving  to  prevent  erosion  and  provide 
the  conditions  needed  for  good  root  develop- 
ment.*" Organic  matter  is  also  the  food  for  the 
soij's  microbiological  life,  which  slowly  converts 
and  releases  nutrients  (and  trace  elements)  in 
forms  and  at  rates  that  plants  can  assimilate."* 

Bio-Gas 

Methane  gas,  also  k'  ^n  as  marsh  gas,  can  be 
obtained  from  organic  wastes  by  means  of  a  reN 
atively  straightforward  technology."*  Manure 


and  plant  wastes  are  fee  into  enclosed  chambers 
of  brick,  concrete,  or  st  ?el  construction.  Anaer- 
obic bacterial  digestion  c  f  the  organic  matter  pro- 
duces methane  (CHJ  an  1  carbon  dioxide  (CO2), 
the  products  of  bacteria  respiration.  The  envi- 
ronmental consequences  of  this  growing  form  of 
energy  production  are  ^nerally  quite  positive. 
The  resulting  sludge  retains  all  of  the  mineral  salts 
and  nitrogen  (although  little  of  the  cellulose  or 
carbohydrates)  in  the  original  material.  Thus,  the 
fertilizing  benefits  of  the  organic  wastes  are  re- 
tained in  the  sludge*  while  the  energy  value  of 
the  manure  and  crop  residues  is  captured  in  the 
form  of  methane  gas.  The  energy  value  of  the  gas 
produced  ranges  from  18,630  to  26,080  kilojoules 
(500-700  Btu/ft^)  per  cubic  meter.  In  small  farm 
applications  the  gas  is  piped  directly  to  the  kitchen 
for  cooking. 

Small-scale  bio-gas  plants  have  been  the  subject 
of  intensive  research  and  development  in  recent 
years,  especially  in  India  and  the  People's  Re- 
public of  China.  A  major  focus  of  this  research 
has  been  on  family-size  plants  (2-3  m^  of  gas  per 
day).  The  offal  from  at  least  five  cows  (or  an 
equivalent  amount  from  other  animals  or  humans) 
is  needed  to  produce  this  amount  of  methane. 
Since  many  rural  poor  do  not  have  so  many  ani- 
mals, this  source  of  energy  is  not  accessible  in- 
dividually to  the  poorest  rural  people.  India  and 
^  China  are  developing  larger  bio-gas  plants  (10  m^ 
of  gas  per  day)  that  show  considerable  promise 
for  community  use. 

Both  China  and  India  have  begun  developing 
bio-gaSi.  production  facilities.  China  has  already 
built  7  million  bio-gas  plants  and  a  total  of  70 
million  are  targetted  for  1985.*"  India  plans  to 
build  100,000  bio-gas  plants  per  year  for  the  next 
decade.  This  rather  modest  number  would  affect 
only  1-2  percent  of  India's  people;  it  would  proc- 
ess the  manure  of  only  2-4  percent  of  India's  cows 
and  recover  only  100,000  metric  tons  per  year  of 
nitrogen  fertilizer.***  Presently,  India  has  only 
7,000  bio-gas  plants.  **•  Taiwan,  South  Korea,  and 
Thailand  are  also  promoting  this  form  of  energy 
development. 

Problems  of  operation  and  maintenance,  initial 
cost,  and  social  equity  have  impeded  rapid  dif- 
fusion of  this  promising  technology,**'  but  the 
many  benefits  of  bio-gas  technology  assure  it  an 
important  role  in  the  decades  ahead. 


*  There  IS  another  advantage  The  digestion  process  kills  many 
pathogens  affecting  both  plants  and  humans,  thus  improving 
human  health  and  reduang  the  transfer  of  crop  diseases  from 
year  to  year  This  advantage  is  particularly  important  in  those 
areas  where  night  soil  is  used  as  fertilizer 
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Noocommerdal  Fiwb-— Environmental  Prospects 

Growing  populations  and  increasing  prices  of 
commercial  fuels  (especially  fossil  fuels)  can  be 
expected  to  lead  to  rapidly  increasing  demands 
for  organic  noncommercial  fuels.  This  increasing 
demand  will  lead  to  m^ny  environmental  impacts. 

The  environmental  impacts  of  deforestation 
have  been  discussed  earlier  in  this  chapter  (**The 
Forestry  Projections  and  the  Environment")  and 
will  not  be  repeated  here.  One  general  outcome 
of  deforestation  is,  of  course,  a  shift  to  other 
sources  of  fuel,  such  as  organic  matter.  A  single 
and  disastrous  consequence  can  readily  be  pre* 
dieted:  decline  in  soil  productivity  and  the  decline, 
therefore,  in  the  production  of  food  for  humans 
and  animals.  More  specificity,  a  number  of  phys- 
ical and  environmental  effects  of  diminished  lev* 
els,  or  disappearance  of,  organic  matter  in  soils 
can  be  determined: 

•  Diminished  capacity  of  sc^ls  to  hold  water, 
therefore  greater  susceptibility  to  drought  dur- 
ing dry  periods,  exacerbated  by  loss  of  lignin 
by-products. 

•  Decreased  porosity,  therefore  poorer  aeration 
and  absorption  of  water  and  more  difficult  tilling 
plus  a  tendency  to  become  compacted  and,  dur- 
ing rains,  waterlogged,  leading  to  erosion  and 
fast  runoff. 

•  Less  adhesion  between  soil  particles  and  greater 
susceptibility  to  erosion  by  wind  or  water. 

•  Reduced  reservoir  of  plant  nutrients  (and  there- 
fore reduced  fertility)  and  greater  loss  of  nu- 
trients to  leaching  action  of  soil  water. 

'  •  Overall  loss  in  productivity  of  the  land. 

These  effects  have  long  been  known  ^;  avoiding 
them  through  husbandry  of  soil  organic  matter 
has  been  a  hallmark  of  wise  farming  for  thousands 
of  years. 

In  regions  with  scarce  fuel  supplies,  it  is  not 
likely  that  cattle  populations  will  grow  and  com* 
pensate  for  the  increased  burning  of  dried  dung. 
As  noted  in  Tables  13-2  and  13-4,  cattle  popu* 
lations  will  increase  in  many  areas  but  on  over- 
grazed lands;  the  animals  will  eat  less  and  produce 
less  dung  as  land  productivity  declines.  The  sit- 
uation may  lead  to  a  self-accelerating  downward 
trend  in  soil  productivity,  driven  by  efforts  of  in- 
creasing populations  to  survive  on  decreasing 
quantities  of  plant  production. 

In  regions  with  steep  slopes  erosion  may  be  the 
coup  de  grace  for  lands  which  have  been  deprived 
of  organic  matter,  reducing  them  in  extreme  cases 
to  bare  rock  and  in  wide  areas  to  infertile  soils, 
which  will  require  decades  or  more  of  careful 
management  and  conservation  if  they  are  to  be 


returned  to  productivity.  Such  severe  hillside  ero- 
sion has  already  been  documented  in  Central 
America,  the  Andean  region  of  Latin  America, 
the  East  African  Highlands,  and  the  Himalayan 
KHIs.^  In  less  steep  landscapes,  the  land  will  sim* 
ply  produce  less  food  and  plant  matter,  and  both 
aninials  and  people  will  go  hungry  or  starve--or 
migrate  if  the  alternative  exists.  Adverse  climatic 
developments  aggravate  declining  productivity,  as 
experience  in  the  Sahel  has  shown. 

A  reversal  of  these  alarming  trends  is  being 
sought  by  the  World  Bank,  the  Food  and  Agri- 
cultural Organization  of  the  United  Nations,  and 
U.S.  Agency  for  International  Development, 
and  other  organizations  that  have  studied  the 
problem.***  Reduction  in  the  use  of  wood,  dung, 
and  plant  residues  for  Tuel  could  be  achieved  by 
''sveral  means: 

•  Use  of  kerosene.  This  is  judged  to  be  too  ex- 
pensive for  the  poorest  people.* ) 

•  Improved  efficiencies  in  the  techn^ogies  used  in 
the  production  of  charcoal. 

•  Improved  efficienty  of  fuel  use.  This  is  the  most 
promising  option.  Open  fires  waste  over  90  per- 
cent of  the  heat  generated.  Improved  stoves,  of 
which  a  number  of  designs  exist  suited  io  dif- 
ferent cultures,  can  reduce  wood  consumption 
by  70  percent.*** 

•  Utilization  of  methane  digesters.  This  process 
holds  mucli  promise,  but  requires  an  ioitial'Cap- 
ital  outlay  of  several  hundred  dollars,  and  the 
possession  of  livestock.  Thus,  it  holds  little 
promise  for  the  dilemma  of  the  poorest  people 
(no  free  fuel  and  no  ability  to  purchase  an  al* 
temative),  but  the  process  does  save  the  value 
of  organic  matter  while  also  exploiting  its  en- 
ergy.**^ 

•  Development  of  fuelwood  plantations.  This  is  a 
promising  solution  after  a  few  years  to  a  decade 
for  growth,  but  is  beset  by  lack  of  institutional 
capabilities  for  large  scale  plantation  programs, 
as  well  as  social  and  economic  problems  at  the 
local  lev^l  (see  Chapter  8). 

•  Solar  and  Kind  energy.  There  is  increasing  in- 
terest in  the  use  of  solar  energy  for  cooking  and 
for  irrigation  pumping  and  of  wind  for  pumping 
and  other  energy  needs. 


•  The  World  Bank  w  concerned  aboul  the  effects  of  increasinR 
world  oil  prices  on  non  OPEC  developing  economies  and  has 
initiated  a  new  program  to  accelerate  petroleum  exploration 
and  production  in  the  non-OPEC  developing  countries  (See 
A  Program  to  Accelerate  Petroleum  Production  in  the  Deveh 
opmg  Countries,  Washington.  World  Bank,  January  1979. 
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What  then  are  the  prospects  for  noncommer- 
cial, organic  fiiels  by  the  ye^r^OOO?  The  answer- 
to  the  extent  that  it  can  be  g^en^^pends  largely 
on  which  geographic  region  ;i|b^tng  considered. 
Potentials  for  organic  matter  prqduction  vary 
among  regions  by  a  factor  of  10  br  more,  as  do 
population  densities.  Awareness  of  the  impor- 
tance of  organic  fuels  is  growing  rapidly  in  some 
areas,  less  rapidly  in  others.  The  role  of  cattle 
husbandry  and  traditional  methods  of  cooking  and 
disposing  of  organic  wastes  also  show  cultural  var- 
iations, which  not  only  influence  the  practice  of 
using -organic  fuels  but  also  the  potentials  for  so- 
cially and  economicafly  feasible  alternatives. 
However,  further  increases  in  population  and  fur- 
ther increases  in  the  costs  of  fossil  fuels  imply 
substantially  increased  pressures  on  organic  fiiel 
resources  virtually  everywhere  by  the  year  2000. 

Conclusion 

How  the  many  nations  of  the  world  will  respond 
to  the  rapidly  changing  energy  situation  is  uncer- 
tain, and  as  a  result  it  has  not  been  possible  for 
the  Department  of  Energy  to  develop  energy  pro- 
jections that  extend  to  the  year  2000.  While  DOE 
did  prepare  projections  that  extend  to  1990,  the 
information  required  to  analyze  the  envirqpmen- 
tal  implications  of  these  projections  is  not  avail- 
able. As  a  result,  it  has  been  necessary  to  limit 
the  discussion  of  environmental  impacts  to  a  qual- 
itative consideration  of  a  range  of  energy  devel- 
opment options  bounded  by  the  hard  and  $oft 
paths.  From  this  qualitative  considei  ation  it  is 
clear  that  all  energy  sources  have  environmental 
impacts  associated  with  their  development  and 
use.  The  energy  challenge  to  each  nation  over  the 
next  two  decades  is  to  develop  an  energy  economy 
that  balances  the  advantages  of  more  energy  with 
the  disadvantage  of  the  environmental  and  social 
impacts.  While  the  situation  is  still  very  uncertain, 
trends  are  emer^ng  for  both  the  commercial  and 
the  noncommercial  energy  economies. 

At  present,  the  world's  commercial  energy  sec- 
tor (fossil  fuels,  nuclear  energy,  and  hydropower) 
is  developing  a  structure  that  is  much  nearer  the 
hard  path  end  of  the  spectrum  of  options  than  the 
soft  path  end.  If  the  overall,  primary-energy 
growth  rate  projected  by  the  Department  of  En- 
ergy out  to  1990  were  to  continue  to  2000,  the 
result  would  be  a  commerical  energy  economy 
consuming  517  quads  (517  x  10**  Btu)  annually, 
more  than  double  the  1975  figure.  If,  in  addition, 
this  commerical  energy  were  to  be  supplied  by  a 
global  energy  sector  similar  in  composition  of  that 
described  in  Table  15-41  for  the  United  States, 


the  consequences  might  be  expected  to  include 
the  following  proportionate  increases  in  the  en- 
vironmental impacts  described  in  Table  13-42: 

•  Several  thousand  million  tons  of  coal  production 
per  year  by  2000. 

•  Approximately  one  hundred  thousand  million 
tons  of  coal  mined  cumulatively,  1975-2000. 

•  Many  thousands  of  square  kilometers  of  land 
slrip*mined  cun^ulatively. 

•  Many  thousands  of  square  kilometers  of  land 
affected  by  subsidence  cumulatively. 

•  Approximately  one  thousand  (nominally  1,100 
Mw)  coal  power  plants. 

•  Several  hundred  (nominally  1,100  Mw)  nuclear 
power  plailts. 

•  Several  tens  of  thousands  square  kilometers  re- 
quired for  transmission  lines  for  electricity  gen- 
erated by  new  coal  and  nuclear  plants. 

•  Approximately  l,OOO.milUon  tons  of  radioactive 
tailings  from  supplying  uranium,  1977-2000. 

•  Approximately  ten  million  cubic  meters  of  low- 
level  radioactive  wastes. 

•  A  few  100,000  tons  of  spent  nuclear  fuel,  1977- 
2000. 

•  Several  100,000  tons  of  spent  nuclear  fuel  gen- 
erated over  the  lifetimes  of  the  plants  con- 
structed through  the  year  2000.  ^ 

While  these  estimates  are  highly  uncertain ,  they 
are  the  best  estimates  that  can  be  made  with  the 
projections  and  data  currently  available,  and  they 
do  indicate  the  order  of  magnitude  of  the  cumu- 
lative impacts  of  a  global  hard  path  over  the  dec- 
ades ahead. 

In  addition  to  its  environmental  impacts,  the 
global  hard  path  option  will  maintain  and  increase 
thermodynamic  inefficiencies  in  the  energy  sector 
itself.  Large  amounts  of  energy  will  be  used  in 
converting  one  form  of  energy  to  another,  and 
the  resulting  energy  forms  will  not  in  many  cases 
be  efficiently  matched  thermodynamically  t&  end- 
use  requirements. 

As  the  soft  path  studies  illustrate,  requirements 
for  nonrenewable  primary  energy  (and  the  asso- 
ciated environmental  impacts)  could.be  reduced 
by  increasing  the  thermodynamic  efficiency  in  the 
energy  sector,  by  increasing  the  contribution  of 
renewable  sources  of  primary  energy,  and  by  in- 
creasing end-use  conservation.  However,  the 
DOE  energy  projections  show  only  relatively 
small  shifts  in  these  directions  through  1990. 

Trends  in  the  world's  noncommercial  energy 
economy  lead  to  environmental  consequences 
that  are  quite  different  from  those  implied  by  the 


446 


ENVIRONMENT  PROJECTIONS 


381 


oomifierdal  economy.  The  FAO  projection  of  a 
6S0  million  cubic  meter  annual  shortage  of  fire- 
wood in  the  LDCs  means  that  approximately  a 
quarter  of  the  needed  fuelwood  in  the  LDCs  may 
not  be  availiible.  The  shortfall  implies  increased 
deforestation  and  shifts  to  alternative  fuels  (dung 
and  ^op  residues).  Both  the  deforestation  and 
the  shift  to  alternative  fuels  will  have  adverse  af< 
fects.  The  deforestation  will  enhance  erosion  and 
destabilize  stream  flows.  The  combustioil  of  dung 
and  crop  residues  will  deprive  the  soil  of  needed 
nutrients  and  organic  matter. 

The  most  serious  environmental  impacts  im< 
plied  by  the  noncommercial  energy  trends  could 
be  reduced  significantly  by  extensive  development 
of  village  woodlots  and  the  use  of  methane  gen- 
erators. Encouraging  initiatives  in  both  areas  have 
been  noted  above.  Nevertheless,  if  present  trends 


continue,  the  organic  fiiel  needs  of  increased  LDC 
populations  can  be  expected  to  seriously  affect 
forestry  and  agriculture  in  large  parts  of  Africa, 
Asia,  and  Latin  America  by  the  year  2000. 

By  then,  the  commercial  and  noncommercial 
energy  sectors  may  be  having  increasing  effects 
on  each  other.  Higher  of  kerosene  can  be 
expected  to  expand^he  use  of  organic  fuels  in 
LDCs,  increasinf'lurther  the  pressures  on  LDC 
forests.  The  resulting  deforestation  and  wood 
combustion  will  contribute  potentially  significant 
amounts  ot  carbon  dioxide  to  the  atmosphere  and 
will  reduce  the  amount  of  vegetation  available 
globally  to  absorb  CO, — developments  that,  in 
turn,  will  increase  concerns  in  the  world's  com- 
mercial energy  economy  over  the  climatological 
consequences  of  continued  and  expanded  fossil 
fuel  combustion. 


The  Nonfuel  Minerals  Projections  and  the  Environment 

The  Projections 

Collectively,  the  demand  for  the  18  nonfuel  minerals  considered  in  the  pro* 
jections  prepared  by  the  Department  of  the  Interior,  was  expected  to  grow 
at  around  3  percent  per  year,  slightly  more  than  doubling  between  197S  and 
2000.  In  most  cases  it  appears  possible  to  accommodate  the  projected  growth 
of  mineral  demand,  but  there  are  a  number  of  unanswered  questions  con- 
cerning the  price  at  which  demand  will  be  met,  especially  if  energy  prices 
increase  significantly  above  their  present  levels.  As  higher-grade  resources 
in  accessible  locations  are  exhausted,  new  mining  ventures  will  tend  to  exploit 
lower-grade  deposits  and  deposits  in  less  accessible  parts  of  the  world  with 
more  fragile  environments.  Some  of  the  projected  increases  in  supply  are 
large  and  will  require  contributions  of  both  virgin  ^and  recycled  materials. 
The  industrialized  nations  will  continue  to  depend  heavily  on  resources  im-  • 
ported  from  LDCs  and  are  projected  to  absorb  over  three-fourths  of  the 
world's  nonfuel  mineral  production  until  at  least  the  year  2000. 


Introduction 

The  Global  2000  Study  projections  indicate  that 
in  the  decades  ahead  there  will  be  increasing 
needs  both  for  mineral  resources  and  for  envi- 
ronmental conditions  beneficial  to  biological  re- 
sources. These  two  resource  needs,  at  least  in  the 
context  of  present  policy  and  practice,  are  to' a 
degree  in  conflict.  Thus  tensions  between  mate- 
rials demand  and  environmental  quality  can  be 
expected  to  mntinue.  In  the  past — and  even  to 
a  greater  degree  now — mineral  resource  policy 
has  been  based  on  the  assumption  that  mining  is 
the  most  appropriate  use  for  mineral-bearing 
land.  Not  long  ago  in  the  United  States,  however, 
the  Study  Team  on  Environmental  Problems  As- 
sociated with  Metallic  and  Nonmetallic  Mineral 
Resources,  working  under  the  sponsorship  of  the 


National  Academy  of  Sciences,  advised  against 
making  the  assumption  that  mining  is  necessarily 
the  most  appropriate  use  of  mineral-bearing 
land.  The  goal  recommended  by  the  U.S.  Sec- 
retary of  Interior  is  a.  proper  balance  between 
mineral  extraction  and  environmental  protec- 
tion.^ Achieving  that  balance  in  the  U.S.  and 
elsewhere  will  require  significant  changes  of  pol- 
icy and  practice,  as  well  as  significant  expendi* 
tures.  According  to  a  United  Nations  estimate, 
the  cost  of  abating  all  world  pollution  due  to  min- 
ing by  the  year  2000  would  be  about  $200  billion, 
or  1-2  percent  of  the  product  value.^ 

Richard  A.  Carpenter,  Executive  Director  of 
the  National  Academy  of  Sciences*  Commission 
on  Natural  Resources,  has  summarized  the  situ- 
ation as  follows: 
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The  tensions  between  availability^  of  materials  and^ 
quality  of  the  environment  will  mcrease  with  eco- 
nomic growth  and  the  appreciation  of  environ- 
mental values.  These  tensions  can  be  relieved  to 
an  extent  by  internalizing  the  costs  of  environ- 
mental protection  so  that  they  are  reflected  in  the 
price  of  materials.  .  .  . 

Environmental  protection  regulations  will  re- 
sult in  (i)  increased  costs  for  many  materials;  (ii) 
disruptive  changes  in  uses  of  materials,  due  to 
environmental  characteristics  and  revised  cost  of 
effectiveness  calculations;  (iii)  restrictions  on  the 
siting  of  processing  and  manufacturing  installa- 
tions; (iv)  preemption  of  access  and  surface  rights 
to  some  mineral  bearing  lands,  particularly  those 
that  arc  federally  controlled;  (v)  diversion  of  cap- 
ital from  new  production  facilities;  and  (vi)  frus- 
trating delays  in  decisions,  such  as  those  affecting 
leasing  and  plant  siting. 

In  return  for  these  generally  undesirauie  dis- 
ruptions in  the  continued  development  and  supply 
of  materials,  society  will  obtain:  (i)  improved 
quality  of  air  and  water;  (ii)  lon^-teqjn  protection 
of  the  natural  ecosystems  of  which  man  is  a  part; 
(iii)  moke  efficient  allocation  of  natural  resources 
on  the  basis  of  more  accurate  and  complete  ac- 
counting of  costs;  (iv)  improved  human  health 
through  decreased  contamination  of  the  environ- 
ment with  toxic  substances;  and  (v)  conservation  ' 
of  materials  through  a  closing  of  the  production, 
use,  and  disposal  cycle. 

Iiigeiiuity  and  a  more  complete  understanding 
of  the  parts  and  interactions  of  the  energy,  ma- 
terials, and  environmental  system  can  do  much 
to  reduce  the  tensions  in  these  conflicts  and  brine 
about  equitable  trade-offs  among  societal  goals. 

Signiflcant  environmental  damage  can  be  an- 
ticipated from  the  projected  increases  in  mineral 
production  and  utilisation.  These  impacts  will  be 
felt  as  a  continuation  of  both  the  direct  and  the 
indirect  consequences  of  mining  on  land.  Mining 
the  seabed  will  present  new  and  unique  environ- 
mental impacts.  The  three  types  of  impacts  are 
discussed  below. 


Direct  Environmental  Effects  of  Mining 
on  Land 

As  shown  in  Table  13-43,  mines,  quarries,  and 
wells  yielded  about  21  billion  short  tons  of  refined 
mineral  materials  worldwide  in  1976  (25  billion 
if  oil  and  gas  are  included).  Of  the  quantity  pro- 
duced, roughly  16  billion  tons  were  nonmetallic 
minerals,  mainly  stone,  sand,  and  gravel;  8  billion 
tons  were  fuels;  and  nearly  1  bilHon  tons  were 
metals. 

Most  mineral  resource  production  now  occurs 
in  the  industrialized  countries.  Abc'u'  14  billion 


tons  of  refined  mineral  materials  were  produced 
in  Japan,  Canada,  Australia,  South  Africa,  and 
the  industrialized  countries  of  Europe  in  1976;  4 
billion  tons  were  produced  in  the  United  States, 
and  7  billion  tons  in  the  less  developed  countries. 
This  marketed  mineral  output  amounted  to  2  tons 
per  person  annually  in  the  LDCs,  20  tons  per 
person  in  the  United  States,  and  16  tons  per  per- 
son in  the  other  industrialized  countries  (Fie.  13- 
19).  ' 

Direct  effects  of  mining  on  the  landscape,  such 
as  surface  disturbance,  deposition  of  overburden 
and  tailings,  and  generation  and  disposal  of  pol- 
lutants, tend  to  be  roughly  proportional  to  the 
quantity  of  minerals  extracted.  Such  effects,  in 
the  absence  of  measured  data,  can  therefore  be 
roughly  estimated  by  applying  conversion  coeffi- 
cients to  estimates  of  future  production .  Estimates 
of  utilized  land  areas  and  generated  mining  wastes 
derived  in  this  manner  are  presented  below,  after 
which  their  implications  for  air  and  water  re- 
sources are  discussed  briefly. 

Land      in  Mineral  Production 

The  extent  of  the  earth's  surface  disturbed  by 
worldwide  mining  operations  has  never  been 
measured  accurately.  It  is  estimated  in  Table  13- 
43  at  roughly  1.5  million  acres  per  year  in  1976, 
growing  to  3  million  acres  per  year  by  2000  (ex- 
cluding surface  disturbed  by  oil  and  gas  opera- 
tions). The  land  area  that  will  be  directly  disturbed 
during  the  1976-2000  period  is  approximately  60 
million  acres,  or  94,000  square  miles--an  area 
roughly  equal  to  West  Germany,  or  0.2  percent 
of  the  earth's  total  land  surface.  By  comparison, 
the  southern  border  of  the  Sahara  Desert,  by 
moving  steadily  southward  during  the  last  50 
years,  is  believed  to  have  encompassed  some 
250,000  square  miles  of  land  once  suitable  for  ag- 
riculture or  grazing.  and  it  is  expected  that  the 
closed  forests  of  the  world  will  be  reduced  by  1.72 
million  square  miles  between  1978  and  2000.*'^ 

However,  the  projected  figure  (94,000  square 
miles  of  land  expected  to  be  directly  disturbed  by 
mining  over  the  next  quarter  century)  is  m^lead- 
ingly  small.  The  mines  themselves  are  not  the  only 
areas  disturbed  by  mining  operations.  It  has  been 
said  that  th^  least  of  the  problems  is  ''the  hole  in 
Che  ground."  Mining  operations  are  responsible 
for  water  and  air  pollution,  for  destruction  of  fish 
and  wildlife  habitats,  for  erosion,  and  the  im- 
pairment of  natural  beauty  many  miles  from  the 
mine  sites.  The  extensive  areas  indirectly  affected 
by  r  ling  are  not  included  in  the  94,000  square 
mile  ngure,  and  virtually  no  data  are  available 
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TABLE  13^ 

EittMtod  Land  Area  UtOiicd  tor  World  Mineral  Productioii  Compared  with  Annual  Production,  1976- 

2000 

Ratio  of 
Mineral 
Production 
(in  millioni 
of  ihort  tons) 
to  Acres  of 

Land 
Utilized  in 
the  U.S.  in 
1971* 


1976 


1985 


2000 


Mineral  Commodity 


Land 

Utilized 
(thousands 
short  tons)     of  acres) 


^  ^xhiction 
[biUions  of 


Land 

Production  Utilized 
{biiiions  of  {thousands 
short  tons)     of  acres) 


Land 

Production  Utilized 
{bdiions  of  (thousands 
short  tons)     of  acres) 


Stone 

Sand  and  gravel 

Commodities  not  elsewh  .re 
specified*' 

Bituminous  coal* 
If0tt(in  ore) 
PSoipliate  rock 
Qfiper 


World  tociU  (excluding  petro- 
leuui  and  natural  gas) 


30 

7.7 

231 

8.2 

746 

14.8 

444 

50 

6.9 

345 

10.5 

525 

17  3 

865 

60* 

1.5 

90 

2.2- 

132 

35 

210 

120 

0.6 

72 

08 

96 

1.1 

132 

130 

3.5 

455 

4.0 

520 

4.8 

624 

170 

0.5 

85 

0.8 

136 

1  1 

187 

260 

0.1 

26 

02 

52 

0.5 

130 

12,670 

0.008 

101 

0.013 

165 

0.022 

279 

200,000 

0.000025 

5 

0.000107 

21 

0.000193 

39 

20.8 

1.410 

26.7 

1.893 

43  1 

2,910 

:  PndKllMflfH 


«e  U.S.  1971  raoo  of  mvfceubic  prodwtloa  to  land  utiliicd  (ooIums  1)  Production    nnet  for  1^  and  iOOO  arc  U  S  Bureatt  at  Miaet 
pnjmxkom  kM  rtwiij.  wfcka  to  m— to  — idud  by  productiow 

■  ol  ilMft  MM  pradund  •  icffw  o(  land  MUiMd. 
mm,  mAndm  ooal.  aak.  md  odMr  an— HiMir  Mtaenk.  but  cadndms  pctToleinn  and  naturai'iat 

 J  flam.  bMd  M  dM  fclMhf*  cotribimoi  of  ctmm,  anUmta  cxmI.  taM.  and  oUier  knnaictaibc  nmertW 

'  nti  iMi  alMral  to  iMiHid  lor  pwpoiM  or  xM^tttooo 

*  npMi  do  Ml  Midi  oaMratty  planMd  eeoMmn;  dMa  was  not  avadabk 


Mm  cttadtUd  htm  V.S  Bweaii  oT  t^  IMixmkm  mi  Rtckmmkm    On  Mittmg  In^vy,  1930-71.  1974  Producuon  data  for  197«  tmU  S 

Mmmi  €i  mm.  Mimnl  Commodity  Summarim,  1978.  ProdHdkNi  citawies  for  19U  and  2000  6o«  U  S  Bmu  Hm.  Himerm  Trtndi  md  forttmu.  vm 


on  the  overall  amounts  of  land  disturbed  by  min- 
ing. 

Mining  directly  disturbs  land  in  a  number  of 
ways'.  According  to  United  States  experience  over 
the  1930-71  period,  59  percent  of  such  land  was 
utilized  for  excavation  and  38  percent  for  disposal 
of  mine  and  mill  waste;  the  remaining  3  percent 
either  subsided  or  was  otherwise  disturbed  by  un- 
derground workings. 

Large  areas  have  been  directly  disturbed  by  sur- 
face mining  for  certain  metals — in  Malaysia  for 
tn,  in  New  Caledonia  for  nickel,  in  Australia  for 
tit^um,  and  on  various  Pacific  islands  fo.  phos- 
phate,.*^ Work  has  begun  near  Hambach,  West 
Germany,  on  an  open-pit  lignite  mine  that  will 
cover  30  square  miles  o^  what  are  (or  were)  farms, 
forests,  and  villages.*'*  A  proposed  bauxite  mine 
in  Western  /.ustralia  will  destroy  the  only  forest 
in  a  million  square  nr^e  area.  The  mining  com- 
pany answers  critics  that  it  believes  most  of  the 
trees  have  an  incurable  root  disease.  The  com- 
ply has  also  offered  to  attempt  reforestation.*^ 

By  1977,  land  directly  disturbed  by  surface  min- 


ing in  the  United  States  totaled  5.7  million 
acres.  The  strip  mining  of  bituminous  coal  ac- 
counted for  the  largest  part  of  this.  The  thinner 
the  coal  seam,  the  greater  the  area  disturbed  for 
a  certain  quantity  of  coal.  In  western  United 
States,  for  example,  the  minui^  of  30-foot  seams 
of  Wyoming  coal  disturbs  25  acres  of  land  for 
every  million  tons  produced,  whereas  mining  10- 
foot  seams  of  Washington,  Arizona,  Colorado,  or 
Utah  coai  disrupts  72-80  acres  per  million  tons  of 
coal  recovered.*'*  There  is  12  times  as  much  coal 
available  by  deep  mining  in  the  United  States  as 
by  stripping,***  but  although  deep  K.lning  appears 
to  cause  less  land  degradation  than  surface  min- 
ing, it  entails  greater  occupational  hazard  and 
discomfort  and  greater  cost. 

The  nonfuel  minerals  commodities  nrincipally 
responsible  for  direct  land  disturbance  during 
mining  are  sand  and  gravel;  stone,  copper,  iron, 
clays,  and  phosphate  rock  ore.  Table  13-43  pro- 
vides estimates  and  projections  of  the  areas  dis- 
turbed worldwide  during  the  mining  of  these 
commodities  in  the  years  1976,  1985,  and  2000. 
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ABOUT  40,000  POUNDS  OF  NEW  MINERAL 
MATERIALS  ARE  REQUIRED  ANNUALLY 
FUR  ZACH  U.S.  Cm^EN 
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1/7  LB  URANIUM 


TO  GENERATE: 

ENERGY  EQUIVALENT  TO  300  PERSONS  WORKING  AROUND  THE^ILOCK  FOR  EACH  U  S  CITIZEN 


U.S.  TOTAL  USE  OF  NEW  MINERAL  SUPPUES  iN  1975  WAS  ABOUT 

4  BILLION  TONS  1 

Figure  1^11   Consumption  of  new  mineral  materials  per  person  in  the  United 
Sutes  in  1975.  (U.S.  Bureau  of  Mines,  Sutus  of  the  Nfineral  Industries  1976) 


The  figures,  admittedly  approximate,  were  de- 
rived for  each  commodity  by  observing  the  ratio 
of  prtxf^^ction  tonnages  to  land  acreages  disturbed 
and  utilized  in  the  United  States  in  1971  (as  re- 
ported ai  a  Bureau  of  Mines  study  and  apply- 
iBg  these  ratios  to  the  Bureau's  projections  of 
w^ld  mineral  demand  (which  were  equated  with 
production) 

There  are  several  factors  influencing  the  accu- 
racy of  the  area  estimates  in  the  table.  The  mix 
of  mining  methods  used  in  the  United  States,  es^ 


pecially  the  ratio  of  surface  to  underground  min* 
ing,  differs  from  that  of  the  world  as  a  whole.  The 
United  States  is  also  atypical  in  that  it  exploits 
much  low-grade  ore  deep  beneath  the  surface.  It 
should  also  be  remembered  that  as  miners  every- 
where deplete  the  world's  high-^rade,  accessible 
ores,  they  will  be  turning  to  deposits  requiring 
even  more  surface  disturbance.  Some  new  pro- 
duction processes  (such  as  leiching  ores  in'place) 
show  promise  for  reducing  the  land  requirements 
of  mining,  but  it  is  doubtful  thai  these  piocesses 
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will  be  in  widespread  use  before  2000.  Lastly,  it 
should  be  noted  that  the  projected  production  fig- 
ures have  a  wide  range  of  uncertainty,  which  car- 
ries over  into  the  land  utilization  figures. 

In  addition  to  land  disrupted  by  **fhe  hole  in 
the  ground,''  other  land  is  affected  by  mining 
wastes.  Furthermore,  dust  and  toxic  materials 
from  the  wastes  generated  in  mining  and  refining 
often  spreads  to  surrounding  areas,  reducing  their 
ability  to  support  life. 

The  wastes  from  mining  and  the  early  stages  of 
refining  are  usually  bulky,  and  sometimes  toxic. 
For  many  deposits,  the  tons  of  earth  that  must  be 
moved  to  expose  the  ore  body  exceed  the  tonnage 
of  ore  ultimately  recovered  from  the  site.  This 
surface  material  removed  (the  **overburden")  and 
the  residue  left  after  processing  (the  **tailings") 
are  usually  discarded  in  open  piles. 

Accurate  data  on  the  worldwide  magnitude  of 
mining  waste  generated  annually  are  not  avail- 
able, but  it  is  known  that  in  industrialized  coun- 
tries the  mining  and  cleaning  of  coal  produces 
more  waste  than  the  extraction  of  any  nonfuel 
mineral.  According  to  the  Organization  for  Eco- 
-  nomic  Cooperation  and  Development,  annual  ac- 
cumulations of  coal  mining  waste  are  90  million 
metric  tons  in  the  United  States,  60  million  to:)s 
in  West  Germany,  and  56  million  tons  in  the 
United  Kingdom.^  Uranium  is  also  responsible 
for  large  amounts  of  mining  waste.  Nonhiel  min- 
erM  commodities  whose  extraction  is  accom- 
panied by  considerable  waste  include  (in  descending 
order  of  apparent  magnitude  of  waste)  copper, 
iron  c     phosphate  rock,  stone,  and  clays. 

Table  13-44  gives  estimates  of  the  amount  of 
w  iste  generated  by  the  world  output  of  six  mineral 
commodities.*  The  estimates  are  rough  approxi- 
mations, derived  by  multiplying  worid  production 
or  projected  demand  by  the  r?tio  of  marketable 
product  to  waste  experienced  in  the  United  States 
in  1975.  While  these  estimates  suffer  from  the 
same  kinds  of  limitations  as  the  estimates  in  Table 
13-43,  they  do  suggest  that  world  production  of 
the  six  commodities  (totaling  9  billion  tons)  gen- 
erated approximately  14  billion  tons  of  waste  in 
1976.  The  projection  for  2000  is  18  billion  tons  of 
commodities  produced  and  34  billion  tons  of 
waste.  Future  mining  and  milling  wastes  are  ex- 
pected to  increase  faster  than  the  output  of  min- 
eral commodities,  partly  because  the  demand  for 
minerals  with  high  ratios  of  waste  to  marketable 
product  (phosphate  rock,  copper,  and  uranium) 


*  As  indicated  above,  coal  generates  an  enormous  quaiitity  of 
mining  waste,  but  dat?  correspondmg  to  that  presented  m 
Table  13-44  could  not  be  obtained  for  coal 


is  projected  to  increase  faster  than  tb«.  demand 
for  minerals  with  low  waste  to  product  ratios 
(stone  and  clays).  The  actual  increase  of  waste 
will  probably  be  greater  than  the  increase  in  Table 
1>44,  which  does  not  take  into  account  the  fact 
that,  as  time  goes  on,  the  average  grade  of  ores 
worked  will  general   be  lower. 

Several  countries  are  now  seeking  ways  to  pro- 
tect agricultural  land,  forests,  and  waterways  from 
pollution  from  mine  wastes.  In  the  Philippines, 
where  mines  discharge  140,000  tons  of  waste 
daily,  the  country's  Bureau  of  Mines  is  investi- 
gating potential  uses  of  some  of  the  mine  waste 
as  material  for  cement,  ceramics,  and  construc- 
tion. There  is  plenty  of  waste  to  work  with.  For 
example,  nonfuel  mining  operations  in  the  United 
States  in  1975  moved  4.2  billion  tons  of  material, 
of  which  2.6  billion  tons  represented  crude  ore 
and  1.6  billion  tons  mining  waste;  94  percent  of 
the  crude  ore  and  99  percent  of  the  mining  waste 
was  from  surface  mines. 

What  happens  to  mined-out  land  after  opera- 
tions move  on  or  cease?  When  nothing  is  done, 
the  abandoned  and  useless  sites  usually  remain  an 
ugly,  hazardous  area  and  a  major  source  of  water 
pollution,  air  pollution,  and  soil  erosion.  Vege- 
tation is  slow  to  regenerate  naturally  because  of 
displaced  soil,  steep  slopes,  and  drainage,  which 
usually  is  acid,  alkaline,  or  saline.  These  problems 
are  particularly  acute  in  areas  where  coal  has  been 
strip  mined.*** 

According  to  the  Environmental  Protection 
Agency,**^  representative  annual  rates  of  erosion 
from  various  land  uses  are  as  follows: 


Metric 

Short 

Tons  per 

Tons  per 

Relative 

Square 

Square 

Rate 

Land  Use 

Kilometer 

Mile 

(Forest*^  1} 

Forest 

8.5 

24 

1 

Grassland 

o5 

240 

10 

Abandoned  surface  mine 

850 

2,400 

100 

CroplaiKl 

IJOO 

4,800 

200 

Active  surface  mine 

17,000 

48,000 

2,000 

Construction 

17,000 

48.000 

2,000 

Reclamation  efforts  can  reduce  the  environ- 
mental damage  caused  by  mining  wastes.  Mining 
compuiies — at  least  in  some  nations — are  increas- 
ing the  incidence  and  degree  ot  reclamation  of 
mined  lands.  These  efforts  are  largely  in  response 
to  conservation  movements  and  more  stringent 
legislation. 

Although  world  data  on  the  extent  of  recla- 
mation of  mined-out  lands  are  not  available,  some 
information  for  the  United  States  is  available.  O: 
U.S.  land  used  for  mining  in  the-1930-71  period, 
40  percent  has  been  designated  "reclaimed."^ 
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However,  the  quality  of  the  reclamation  varies 
considerably.  In  some  cases  the  effort  has  been 
minimal;  in  others  serious  difficulties  are  pre- 
sented by  hilly  terrain  and  limited  rainfall. 

Land  reclamation  success  stories  are  heard  from 
many  other  nations.  For  example,  in  Ostrava, 
Czechoslovakia,  rea  oak  has  started  to  grow  on 
coal  dum(^  characterized  by  steep  slopes  and  very 
limited  soil.**  American  Metal  Qimax,  Inc.  of 
New  York  conducts  a  project  to  farm  its  acquired 
coal  lands  (at  Sullivan,  Indiana)  before  strip  min- 
ing and  plans  to  develop  the  land's  most  produc- 
tive resources  after  mining.*'*  A  cement  plant  at 
Bamburi,  on  Kenya's  Indian  Ocean  coast,  has  re- 
habilitated hundreds  of  acres  of  land  from  which 
it  quarried  coral  limestone;  the  area  now  has  a 
forest  of  30,000  trees,  a  productive  farm,  and  fish 
ponds. 

As  of  mid-1977, 70  percent  of  the  land  disturbed 
by  surface  mining  and  needing  reclamation  in  the 
United  States  was  not  under  any  legal  require- 
ment to  be  reclaimed.*^  This  situation  led  to  the 
Surface  Mining  Control  and  Reclamation  Act  of 
1977.  The  law,  which  applies  only  to  coal  lands, 
stipulates  that  niined*over  areas  be  returned  ap- 
proximately to  their  original  contours.  A  tax  on 
currently  produced  surface  coal  will  be  used  to 
finance  the  reclamation  of  ''orphaned"  lands  left 
from  eariier  operations.  Slopes  of  more  than  20 
degrees  on  waste  dumps  are  prohibited.*" 

Compliance  with  the  new  reclamation  law  is 
estimated  to  add  from  50  cents  to  $4.00  to  the  cost 
of  producing  a  ton  of  surface-mined  coal  in  the 
United  States.*^  Rehabilitating  coal  fields  in  the 
western  United  States,  parts  of  which  have  a  dry 
climate,  would  cost  an  estimated  $925  to  $2,750 
per  acre.*^  According  to  an  Argonne  National 
Laboratory  study,  reclamation  of  mined  land  in 
some  localities  (such  as  certain  phosphate  rock 
sites  in  Florida)  may  be  a  profitable  endeavor  if 
proper  land  useplanning  and  marketing  strategies 
are  emjrioyed.** 

Under  present  policy  m  most  nations,  the  min- 
ing  of  a  particular  piece  of  land  is  usually  per- 
mitted even  when  mining  operations  conflict  with 
other  uses  of  the  land.  However,  stipulations  and 
conditions  are  increasingly  being  made  that  take 
other  potential  land  uses  into  consideration.  In  a 
few  cases,  mining  has  even  been  prohibited  for 
environmental  reasons.  For  example,  the  Rio 
Tinto  2anc  Corporation  was  prohibited  from  min- 
ing in  the  Snowdonia  National  Park,  Wales. 
The  Swedish  Government  has  assured  envii  on- 
mental  groups  and  local  authorities  it  will  refuse 
to  issue  requested  permits  for  strip  mining  min- 
eral-bearing slate  deposits  in  the  Naerke  area  of 
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southern  Sweden.  ^  In  a  region  of  Western  Aus- 
tralia recently  experiencing  a  diamond  rush,  the 
government  set  aside  as  off  limits  to  mining  a  440 
square  mile  park  near  Cape  Londonderry.  ^  Eco- 
logical (as  well  as  economic)  factors  figured  sig- 
nificantly in  the  decision  of  the  Puerto  Rican 
Department  of  Natural  Resources  to  not  allow 
Kennecott  Copper  Corporation  and  American 
Metal  Climax  to  mine  an  estimated  243  million 
tons  of  copper  reserves  on  the  island. The 
United  States  has  largely  closed  its  national  par  ;i 
to  mining;  it  has  also  prohibited  surface  mining 
of  coal  on  prime  farmlands  unless  they  can  later 
be  restored  to  their  original  productivity  and  has 
prohibited  mining  that  damages  water  supply.^' 
Trends  such  as  these  may  reduce  to  a  degree  the 
land  disruption  caused  by  mining,  but  they  will 
also  increase  somewhat  the  cost  of  mineral  prod- 
ucts. 

Impact  of  Mineral  Production  on  Air  Quality 

Air  pollution  generated  from  mining  and  proc- 
essing activities  (particularly  high-temperature 
metallurgical  operations)  produces  serious  envi- 
ronmental and  health  problems.  Air  pollutants  of 
particular  concern  are  sulfur  oxides,  particulates, 
asbestos,  radionuclides  (radium  and  radon),  coke 
oven  emissions,  arsenic,  lead,  and  fluorides.^ 

Most  sulfur  oxide  contamination  of  the  atmos- 
phere is  caused  by  the  combustion  of  fossil  fuels, 
especially  coal,  but  in  addition,  sulfur  oxides  go 
up  the  stacl^  of  smelters  treating  sulfide  ores  of 
metals  such  as  copper,  nickel,  lead,  and  zinc. 

In  1974  U.S.  copper  smelters  emitted  8,214  tons 
of  sulfur  oxides  daily,  10  percent  of  the  nation's 
total.  However,  smelter  emissions  are  being  re- 
duced. The  1974  emissions  were  33  percent  below 
previous  highs  and  the  1986  emissions  are  ex- 
pected to  be  90  percent  below  the  earlier  peak. 
Unfortunately,  such  reductions  are  not  the  trend 
everywhere.  The  Cuajone  copper  mining  and 
smelting  project  in  Peru  will  soon  double  emis- 
sions and  effluents  from  the  site;  it  is  expected 
that  60,000  tons  of  sulfur  oxides  will  be  released 
into  the  air  and  30  million  tons  of  tailings  dis- 
charged into  the  sea  annually.  The  World  Bank, 
one  of  the  project's  lenders,  has  persuaded  the 
borrower  to  accept,  in  principle,  the  incorporation 
of  a  number  of  environmental  safeguards  in  proj- 
ect design.^  The  copper-nickel  smelters  of  the 
Sudbury  district  of  Ontario,  Canada,  emit  2.7 
million  tons  of  surfur  oxides  annually,  causing 
losses  of  timber  with  a  value  of  $117,000  per  year 
in  a  720  square  mile  zone  of  severe  damage.^ 
Such  sulfur  oxides  contribute  more  widely,  of 
course,  to  the  problems  of  acid  rain  discussed  in 


this  chapter  in  the  section  entitled  "Water  Pro- 
jections and  the  Environment.**  They  are  also 
known  to  increase  the  incidence  of  asthma, 
chronic  bronchitis,  and  emphysema.^ 

Uranium-mill  tailings  present  a  radioactive  air 
pollution  problem.  The  radium  in  the  tailings  de- 
cays to  the  radioactive  gas  rfulon,  whose  decay 
products  are  responsible  for  the  high  incidence  of 
lung  cancer  among  uranium  miners  in  Europe  and 
the  United  States.^  Piles  of  uranium  tailings  in 
the  United  States  total  140  million  tons  and  could 
reach  a  billion  tons  by  the  year  2000.^  Lyman 
J.  Olsen,  director  of  the  Utah  State  Division  of 
Health,  reports  that  thousands  of  people  work 
and  live  in  close  proximity  to  the  tailings  pile  of 
an  inactive  uranium-mill  site  in  Salt  Lake  City  and 
are  exposed  to  radioactive  dust,  radon  gas  and  its 
decay  products,  and  gamma  radiation.^  An  ac- 
tive uranium  mill  near  Grants,  New  Mexico,  has 
dumped  23  million  tons  of  tailings  on  265  acres; 
the  pile  rises  to  a  height  of  100  feet.  Covering 
such  dumps  with  8-12  feet  of  clay  would  reduce 
the  radon  eminations  to  twice  background  lev- 
els.^* The  cost  of  safe  disposal  of  all  uranium 
tailings  in  the  United  States  is  conservatively  es- 
timated at  $ji40  million.^" 

Although  radiation  at  phosphate  rock  mines  is 
apparently  a  somewhat  lesser  problem/"  the 
Global  2000  Study  projections  of  a  doubling  to 
quadrupling  of  fertilizer  use  by  the  year  2000  im- 
p^y  an  increase  in  the  amount  of  radioactive  phos- 
phate waste.  In  Florida  radiation  from  phosphate 
wastes  is  already  an  issue.  According  to  a  prelim- 
inary  report  by  the  U.S.  Bureau  of  Mines,  there 
could  be  a  twofold  increase  in  the  incidence  of 
lung  cancer  among  persons  living  in  structures 
built  on  reclaimed  phosphate  lands  in  Florida.^'' 

Impact  of  Mineral  ProductioD  on  Water  Qoaiity 

Surface  and  underground  water  is  frequently 
polluted  by  effluents  of  mining  and  milling  op- 
erations and  by  raiiifall  or  stream  action  on  solid 
mine  and  mill  wastes.  Thirty-four  percent  of  waste 
water  discharged  by  all  major  U.S.  industrial 
groups  in  1973  was  from  prociuction  of  primary 
metals,  8  percent  from  petroleum  and  coal  prod- 
ucts, and  1  percent  from  stone,  glass,  and  clay 
products. 

One  example  of  water  pollution  from  mining 
is  acid  mine  drainage,  which  is  abused  by  the  re- 
action of  water  and  air  with  sulfu*-bearing  min- 
erals in  coal  or  metal  mines  and  dumps.  The 
sulfuric  acid  produced  in  this  reaction  enters 
streams,  lakes,  and  rivers  where  it  lowers  the  pH, 
killing  many  forms  of  life. 

Another  notable  example  of  '^iXet  ooUution  by 
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mining  wastes  is  the  dumping  of  salt  wastes  by 
East  German  potash  mining  companies  into  the 
Werra  River.  The  Wcrra,  which  weaves  across 
the  border  between  East  and  West  Germany, 
flows  into  the  Weser  River,  which  is  now  so  salty 
tihat  the  city  of  Bremen  can  draw  on  it  for  only 
20  percent  of  its  water  supply.'"  In  addition, 
WuSte^  from  potash  mines  in  France  have  long 
been  implicate  ;  as  one  of  the  primary  sources  of 
contamination  of  the  Rhine  River. 

In  1978,  a  series  of  earthquakes  affecting  Ja- 
pan's Izu  Peninsula  caused  the  collapse  of  earthen 
dams  holding  mine  wastes  containing  poisonous 
sodium  cyanide.  Fish  were  killed  not  only  in  the 
Mochikoshi  and  Kano  Rivers  but  as  far  away  as 
SunigaBay.^* 

The  Philippine  Inter  Agency  Comnjttee  on 
Environmental  Protection  has  reported  the  dis- 
charge of  about  100,000  tons  of  mine  tailings  per 
day  in  eight  major  river  systems  in  the  country 
affecting  an  estimated  130,000  hectares  of  agri- 
cultural land.'"  The  Japan  International  Coop- 
t.ation  Agency  is  expected  to  study  the  feasibility 
of  a  project  for  collecting  tailings  from  at  least 
four  of  the  six  major  copper  mines  in  the  Baguio 
district  of  the  Philippines  and  transporting  them 
by  pipeline  for  discharge  into  the  Lingayen  Gulf.'" 
In  Peru,  tailings  from  copper  mines  are  pollut- 
ing the  San  Juan,  Mantaro,  Locumba,  and  Moche 
nvers  with  iron,  acid,  magnesium,  and  other  met- 
als. The  World  Bank  recommends  a  Mantaro 
cleanup  project  to  be  completed  by  1980  to  bring 
the  iron  content  of  the  waste  outflow  down  to  0. 1 
gram  per  lif^r  and  to  reduce  the  acidity  by  99  9 
perceut."'  ^ 

As  part  of  the  opening  of  a  molybdenum  mine 
at  Urad,  Colorado,  American  Metal  Climax  con- 
structed diversion  structures  and  two  miles  of  un- 
derground pipeline  so  that  streams  will  flow 
around  and  under  the  mill  and  tailings  areas  and 
emerge  from  the  property  uncontaminated.  The 
streams  involved  are  part  of  the  water  supply  for 
Golden,  Colorado.  A  reservoir,  holding  water  for 
mining  and  milling  the  ore,  will  be  open  to  the 
public  for  campina^fishing,  and  the  enjoyment  of 
the  surroundings. 

The  Reserve  Mining  Company,  a  subsidiary  of 
Armco  Steel  and  Republic  Steel  Corporations  has 
dumped  approximately  67,000  toiis  of  iron  ore 
waste  (taconite  tailings)  daily  into  Lake  Superior 
for  the  past  23  years.  The  wastes  contain  micro- 
scopic asbestos  fibers  from  a  mine  at  Babbitt, 
Minnesota,  and  an  ore-processing  plant  at  Silver 
Bay,  Minnesota. Asbestos  fibers  are  now  pres- 
ent in  the  drinking  water  of  Duluth  and  other 
communities  tuat^lraw  water  from  the  lake.  Air- 


borne asbestos  fibers  are  known  to  cause  serious 
lung  diseases,  including  a  particularly  dangerous 
form  of  cancer.  Whether  similar  problems  arise 
from  the  drinking  of  water  containing  asbestos 
has  not  been  established.  Nevertheless,  state  and 
federal  courts  have  determined  that  a  potential 
health  hazard  exists'"  and  have  ruled  ti.at  Re- 
serve must  change  to  on-land  disposal.  It  is  esti- 
mated that  the  required  pollution  control  facilities 
will  cost  $370  million. 

The  increased  mining  that  follows  from  the 
Global  2000  Study's  projected  demand  for  fuel 
and  nonfuel  minerals  cpufd  easily  increase  the 
amount  of  water  pollution  from  mining  activities. 
Present  policies  may  limit  the  effects  somewhat, 
but  the  quality  of  water  used  for  dnnking,  irri- 
gation, and  fish  culture  can  be  expected  to  be 
adversely  affected  in  at  least  some  areas. 

Indirect  Effects  of  Mining  on  Land 

The  direct  effects  of  most  mining  operations  on 
land,  while  not  negligible,  are  localized  and  rel- 
atively small  compared  to  many  other  forms  of 
human  economic  activity  such  as  farming,  for- 
estry, and  urbanization.  By  contrast,  the  indirect 
effects  of  mining  can  be  qi  ue  large,  especially 
since  the  infrastructure  developed  for  mining  op- 
erations often  permits  a  large  number  of  other 
activities  that  would  be  very  difficult  or  impossible 
to  carry  on  without  it.  Among  the  many  indirect 
effects  of  mining  on  land  are  the  boom-and-bust 
cycle,  access  roads,  demand  for  renewable  re- 
sources, and  energy  requirements.  Each  will  be 
briefly  considered  here. 

The  boom-and-bust  cycle  of  communities  near 
mining  and  refining  centers  is  a  virtually  inevitable 
consequence  of  the  nonrenewable  nature  of  min- 
eral resources.  Demographic  and  economic  insta- 
bilities usually  result.'  In  the  short  run,  small 
communities  may  be  unable  to  supply  the  com- 
munity services  needed  by  the  overwhelmingly 
large  numbers  of  new  citizens  drawn  to  a  new 


•  The  U  S.  Department  of  Housing  and  Urban  Development 
has  prepared  a  report  suggesting  how  to  manage  growth  when 
an  area  is  suddenly  affected  by  the  rapid  growth  accom,  anying  / 
resource  exploitation.  The  report  focuses  primarily  on  growth! 
assoaated  with  energy  development  but  applies  equally  to 
growth  associated  with  the  exploitation  of  nonfuel  minerals 
It  includes  brief  case  studies  of  the  impacts  of  growth  associ- 
atcd  with  the  Jim  Bndger  Power  Plant  in  Sweetwater  County. 
Wyoming,  the  nuclear  oowei  plant  in  Ca!vert  County.  Mary- 
land, and  oil  production  and  corl  mining  m  Campbell  County, 
Wyoming;  the  effects  of  North  Sea  oil  and  gas  production  on 
Scotland  are  also  examined,  {Rapid  Growth  from  Energy  Proi^ 
tcts^ldeas  for  State  and  Local  Actton—A  Prof^ram  Guide, 
Washington:  Department  of  Housing  and  Urban  Develop^ 
mem,  1976.) 
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mining  operation.  In  the  long  run  (of  a  decade  or 
two),  these  services  may  not  be  needed  at  all. 

D.  B.  Brooks  and  P.  W.  Andrews,  in  reviewing 
the  problem  of  boom-and-bust  cycles  on  a  global 
basis  for  a  1973  United  Nations  Symposium  on 
Population,  Resources  and  Environment,  noted 
that: 

Even  if  mining  communities  arc  more  carefully 
planned  today,  their  inherent  tendency  to  deplete 
their  reason  for  existence  cannot  be  ignored,^be- 
cause  the  result  is  often  a  depressed  region  with 
high  unemployment  and  few  services.  Such  prob- 
lems are  intensified  by  the  cyclical  nature  of  in* 
vestment  in  minerals,  so  that  there  tend  to  be 
cycles,  every  20  to  40  years,  during  which  a  nation 
is  faced  with  waves  of  mine  closures.^" 

This  type  of  local  economic  instability  is  exac- 
erbated  by  the  relative  isolation  of  mining  from 
the  rest  of  the  economy.  Mining  generally  does 
not  spawn  significant  amounts  of  associated  in* 
dustrial  or  manufacturing  activities,  especially  if 
carried  out  in  remote  areas. 

Mining  activities,  especially  in  remote  areas, 
require  improved  access  roads.  The  access  roads 
built  to  mines  often  lead  to  other  forms  of  natural 
resource  exploitation  that  are  undesirable  if  un- 
controlled. As  happened  in  coal  mining  regions 
of  Southern  Appalachia  and  in  the  copper  and 
silver  mining  regions  of  Chile,  forests  are  often 
removed  from  a  wide  area  around  the  mine,  either 
to  provide  timber  for  mining  operations,  housing 
construction,  railroad  t'es,  and  fuel,  or  simply 
because  improved  transportation  makes  previ- 
ously inaccessible  forests  exploitable. 

The  excessive  production,  use,  and  marketing 
of  charcoal  is  a  case  in  point.  A  few  countries  still 
use  charcoal  to  smelt  and  refine  ores,  among  them 
B.azil,  Argentina,  Malaysia,  Australia,  and  In- 
dia. The  consequences  of  this  practice  are  il- 
lustrated by  what  is  happening  in  Brazil.  The  once 
extensive,  mixed-hardwood  open  woodlands  of 
the  Brazilian  plateau  are  being  rapidly  consumed. 
In  the  state  of  Minas  Gerais,  it  is  estimated  that 
by  1982,  45  million  hectares  of  forest  will  have 
been  cut  down,  largely  for  conversion  to  charcoal 
to  smelt  pig  iron.^  The  destabilizing  impact  of 
this  deforestation  on  soils  and  the  hydrological 
cycle  is  discussed  in  more  detail  in  the  energy 
section  of  this  chapter. 

Not  all  energy  for  mining  and  processing  comes 
from  renewable  sources.  Most  energy  for  the  min- 
ing and  metals  industries  comes  from  nonrenew- 
able sources,  and  these  energy  requirements  lead 
to  yet  another  indirect  consequence  of  the  pro- 
jected increases  in  mining  activities. 

Like  the  technologies  of  the  Green  Revolution 
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in  agriculture  and  the  intensive  silviculture  dis- 
cussed elsewhere  in  this  chapter,  the  technologies 
of  mining  and  processing  are  energy-intensive  and 
are  becoming  more  so.  The  worldwide  energy 
dependence  of  mining  and  processing  has  not 
been  studied  carefully,  but  the  linkages  between 
energy  and  minerals  in  the  U.S.  has  been  exam- 
ined to  some  extent.  The  reason  for  concern  over 
the  energy-intensivenessof  mining  and  processing 
is  that  lower-grade  ores  generally  require  more 
energy  for  extraction,  processing,  and  refining  at 
a  time  when  energy  costs  are  projected  to  increase 
significantly  in  the  years  ahead.  As  Earl  Hayes 
notes, 

Each  material  has  a  fixed  lower  bound  of  ore 
grade,  below  which  energy  costs  make  processing 
uneconomic.  .  .  .  Energy  costs  [in  general]  rise 
rapidly  as  ore  erade  decreases.  At  some  lower 
limit,  say  0.25%,  the  energy  expenditures  domi- 
nate the  whole  recovery  picture.  Technological 
improvements  in  rock  disintegration,  transporta- 
tion and  concentration  will  have  to  be  made  if 
such  low-grade  ores  are  to  be  considered  re- 
serves— that  is,  resources  that  can  be  processed 
economically.'* 

Hayes  also  notes  that  in  1971  the  energy  inputs 
for  processing  metallic  and  nonmetallic  minerals 
totaled  69  x  10''  Btu.  The  net  energy  output  was 
57  X  10"  Btu.  The  U.S.  materials  industry  uses 
over  20  percent  of  the  nation's  energy  to  process 
materials:  8  percent  for  metals,  7.8  percent  for 
chemicals  and  allied  products,  4  percent  for  pe- 
troleum refining,  and  2  percent  for  nonmetallics. 
Steel,  aluminum,  plastics,  cement,  and  gasoline 
account  for  half  of  the  20  percent.'^ 

As  these  figures  make  clear,  the  projected 
worldwide  increases  in  minerals  production  can 
be  expected  to  have  a  number  of  indirect  envi- 
ronmental consequences  through  the  associated 
demands  for  energy. 

Effects  of  Mining  the  Seabed 

As  mentioned  in  Chapter  12,  if  the  politics  of 
the  ocean  floor  are  adequately  resolved  and  if 
manganese  nodules  prove  economically  compet- 
itive with  the  ores  for  whicl^they  would  substitute, 
large-scale  mining  of  the  ocean  floor  may  com- 
mence before  the  year  2000.  The  environmental 
implications  of  mining  the  seabed  hav^  already 
been  discussed  in  detail  in  this  chapter  in  the  sec- 
tion on  **The  Projections  and  the  Marine  Envi- 
ronment." 

Conclusions 

The  environmental  consequences  of  an  approx- 
imate doubling  of  the  global  mining  of  nonfuel 
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TABLE  13^ 

Apptrcnt  Opportunities  for  Fr«rtiier  Mineral  Development 

Value  of 
World  Out* 
put.  1968 

(i/i  milHons  Percent  of 
oft%8  World 
dollan)  Reserves 


Mineral 


Zambia 

Chile 


Indooetia 

U.S 

Cuba 

Morocvo 

Ouiiiea 

Australia 


copper 

copper 

tin 

tin 

zinc 

lead 

nickel 

phosphorus 

bauxite 

bauxite 


Percent  of 
World  Output 


7.740 

10 

Ouite  small 

7J40 

19 

12 

750 

32 

9 

750 

12 

Ouite  small 

1.450 

27 

12 

775 

37 

14 

1.100 

24 

Ouite  small 

835 

42 

13 

340 

34 

Ouite  small 

340 

34 

15 

Somtt  »«»«««KlBe«K«V«o«.  TV  /«^,rv*.rf/*e/)«^r^  Nc*  York  Oxford.  1977  App  G 


mioerib  between  now  and  2000  are  difficult  to 
ass«».  Potsibilities  for  considerably  expanded 
production  seem  to  exist  in  countries  having  large 
pwtions  of  the  world's  reserves  of  critical,  hiah- 
vahic  minerals  (Table  13-45).  Major  new  Te- 
Jowwdiscoverics  have  been  reported  in  ecolog- 
A?**  ^     seabed,  the  Amazon 

wsm^Qoantt  Siberia,  and  south  central  Africa. 
A  otspropcnrtionate  fraction  of  resource  devel- 
opment is  expected  to  take  place  in  the  LDQ, 
where  environmental  protection  measures  may  be 
limited.  ' 

Smelting,  refining,  and  milling  usually  occur  in 
mijor  industrial  centers  rather  than  at  the  mine 
ttte,  but  mineral  exploitation  and  processing  can 
have  devastating  i^npacu  on  extraction  and  con- 
«^  their  adjoining  communities. 
Although  the  mining  and  concentration  opera- 
ttjws  may  continue  for  only  a  decade  or  two,  they 
leave  permanent  scars  on  the  landscape,  espe- 
aaUy  m  the  case  of  open  pit  mines,  which  can  be 
very  deep.  ^  Superficial  mining  of  ores  such  as 
bauidte  that  ait  the  result  of  weathering  or  are 
found  in  sedimentary  formations  inay  be  less  de- 
stnictive  of  the  land,  which  can  be  restored  to 
j^oductiVc  forests,  to  pasture,  or  even  to  farmland 
If  precautions  and  ecological  conditions  are  ade- 
q^jate.  The  recovery  of  such  sites  will  take  many 


more  years  in  arid  or  cold  (tundra)  regions  than 
in  hot  humid  regions,  however.  How  long  it  will 
take  for  mining  scars  to  heal  in  the  '>^jeans  is  still 
highly  uncertain. 

The  indirect  effects  of  boomtowns,  new  trans- 
portation systems,  and  other  infrastructures  as- 
sociated with  mining  operations  may  be  more 
lasting  and  significant  than  the  direct  effects.  Land 
and  water  for  mining  and  refining  will  in  many 
cases  be  in  direct  competition  with  agriculture, 
forestry,  urban  water  supplies  and  other  uses. 
Conflicts  with  local  populations  over  the  use  of 
land  and  water  resources  can  be  expected  to  in- 
crease. In  West  Germany  o|^ition  was  encoun- 
tered when  an  entire  villi^  was  rekxated  recently 
to  make  room  for  a  coal  mine.  In  central  Flor- 
ida, c^)position  has  been  raised  to  phosphate  min-- 
ing  because  of  competition  for  the  water  used  in* 
beneficiating  the  ore. 

These  and  other  environmenially  related  con- 
flicts will  increase  in  the  years  ahead  as  the  min- 
erals industry  is  forced  to  turn  to  poorer,  less 
accessible,  more  energy-demanding  ores  than 
those  presently  being  exploited.  As  a  result,  the 
environmental  damage  done  by  mining  is  likely 
to  increase  markedly  unless  policies  change  and 
production  technologies  and  practices  improve 
significantly. 


CLOSING  THE  LOOPS 


Introduction 

The  previous  10  sections  of  this  chapter  have 


considered  the  Gfobal  2000  Study's  projections 
for  population,  GNP,  climate,  technology,  food 
tnd  agriculture,  forestry,  marine  and  coastal  re- 
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sources,  water,  energy,  and  nonfuel  minerals  for 
the  purpose  of  determining  what  impact  those 
projections  will  have  on  the  environment  between 
now  and  the  ye&r  2000.  In  the  final  sections  of 
this  chapter,  however,  the  perspective  will  be  re- 
versed. The  focus  will  shift  to  the  impact  that  the 
environmental  developments  presented  in  the 
preceding  10  sections  would  have  on  the  popula- 
tion, economic,  and  resource  projections  of  Chapters 
2-12. 

Figure  13-1  at  the  beginning  of  this  chapter 
illustrates  a  reversed — ecological — perspective, 
showing  first  how  population,  economic,  and  re- 
source factors  affect  environment  (as  presented 
in  the  preceding  10  sections  of  this  chapter)  and 
how,  in  turn,  the  environment  feeds  back  upon 
(affects)  population,  economy,  and  resources. 
While  Figure  13-1  illustrates,  at  least  concep- 
tually, how  the  feedback  loops  are  closed  in  na- 
ture, it  must  be  emphasized  that  in  the  discussion 
that  follows  the  feedback  loops  are  not  actually 
closed  analytically,  and  that  they  cannot  be  closed 
with  the  government's  cunent  models. 

The  problem  is  that  the  government's  present 
analytical  tools  for  making  population,  GNP,  and 
resource  projections  are  not  designed  to  accept 
explicit  envi]:onmeBta!  feedback.  Most  of  these 
models  simply  assume  implicitly  that  the  environ- 
ment will  do  what  it  has  done  in  the  past,  only 
more  so;  and  this  assumption  leads  to  discrep- 
ancies between  the  environmental  assumptions  of 
the  population,  GNP,  and  resource  projections 
and  the  environmental  conditions  implied  by 
these  projections.  Put  simply,  the  environment 
cannot  do  what  some  of  the  projections  assume 
it  will  do.  « 

Although  there  is  no  way  in  which  revised, 
more  realistic  environmental  assumptions  can  be 
entered  into  the  projection  models,  it  is  possible 
to  ^1)  compare  each  model's  environmental  as- 
sumptions with  the  environmental  conditions  im- 
plied by  the  population,  GNP,  and  resource 
projections,  (2)  note  the  discrepancies  (which 
would  not  exist  if  the  environmental  feedback 
effects  were  actually  present  in  the  models),  and 
(3)  consider  how  the  discrepancies  might  affect 
the  population,  GNP,  and  resource  projections 
if  it  were  possible  to  alter  the  environmental 
assumptions  to  eliminate  the  discrepancies.  Since 
it  is  not  possible  to  alter  the  environmental  as- 
sumptions in  the  population,  GNP,  and  resource 
projections,  the  discrepancies  remain,  and  the 
projections  reuin  their  basically  open-loop,  Unear 


character.*  Nonetheless,  the  examination  of  the 
di^repandes  and  their  implications  provides  a 
step  toward  a  more  ecological  perspective. 

As  a  preparation  for  shifting  to  this  more  eco- 
logical perspective  on  the  future  world  environ- 
ment, it  is  helpful  to  review  the  impacts  upon  the 
environment  already  presented  in  this  chapter. 
Because,  from  the  environmental  point  of  view, 
economic  and  political  boundaries  are  of  very  lim- 
ited relevance,  it  is  necessary  to  organize  the  in- 
formation around  major  environmental 
classifications— terrestrial,  atmospheric,  aquatic— 
rather  than  around  the  economic  and  political  ju- 
risdictions considered  heretofore.  This  is  essential 
as  a  first  step  in  closing  the  feedback  loops  be- 
cause, for  instance,  many  of  the  projections  imply 
changes  in  the  aquatic  environment,  and  all  of 
these  changes  need  to  be  considered  in  comparing 
the  future  aquatic  environment  with  the  water 
assumptions  in  the  various  projections.  Similarly, 
several  of  the  projections  imply  changes  in  soil 
conditions,  and  it  is  the  overall  soil  conditions  that 
result  from  all  the  changes  that  need  to  be  com- 
pared with  the  projections'  impUcit  assumptions 
about  soils.  In  such  cases,  how  is  the  whole  eco- 
logical perspective  to  be  determined  on  the  basis 
of  fragmented  projections — and  then  again  how 
is  the  whole  environmental  future  to  be  made  rel- 
evant to  tragmented  projection  models? 

The  approach  used  here  is  to  gather  the  impli- 
cations of  the  fragmented  projections  into  one 
extensive  table— Table  13-46.  This  table  is  or- 
ganized primarily  by  the  earth's  major  environ- 
ments: terrestrial,  atmospheric,  aquatic.  This 
primary  organization  estabUshes  the  holistic  per- 
spective characteristic  of  the  environment.  The 
secondary  organization  of  the  table  is  by  major 
geographic  groupings:  global,  regional  (i.e.,  con- 
tinental or  more  than  one  nation  state),  and  local 
(i.e.,  subcontinental,  individual  nation  states,  or 
smaller  economic  or  political  units).  The  "local" 
category  is  further  subdivided  into  '"rural"  and 
''urban."  This  organization  of  the  table  demon- 
strates the  relationship  of  economic  and  geopo- 
Utical  areas. 

In  the  text  that  follows  Table  13-^,  the  future 
world  environment  is  discussed  first  in  terms  of 
the  three  major  environments  (still  in  the  origmal 
perspective  of  projections  impacting  on  the  en- 
vironment) so  that  the  overall  ecological  descrip- 
tion of  the  future  world  environment  can  finally 


*These  mttting  feedback  k)opt  and  many  other  deficienctes 
in  X\\t  government's  current  analytical  capatntities  are  dis- 
cuwed  m  Gupter  14  and  succeeding  chapters  of  Parts  II  and 
III. 


TABLEi^ 

nfbipftctioii  the  EBvfatmiMBt  Inplfed  liy  the  GMna  2M0  Stiidy't  Popolatioii,  GNP,  and  Resource  Projectfons* 
^  by  Mi^or  EBvirouneaU 

*A.  Terrestrial  Environments 


Global 


Regional 
{continental  or  more  than 
one  nation  state) 


Local 


(subcontinental,  individual  nation  states,  or  smaller) 


Population 


Urban 


Rural 


No  impact  projected. 


No  impact  projected. 


AraWe  land  lest  to  new  or  ex-  Increased  numbers  of  subsistence 

panding  human  settlements  by  the  farmers  in  LDCs  ^ill  result  in  dc- 

year  2000  is  projected  to  bc  25  tehoration  in  land  productivity, 

million  hectares  overgrazing*  and  deforestation. 


GNP 


No  impact  projected 


Slow  economic  growth  rate<  m 
densely  populated  LDCs  will  m- 
crease  the  pressures  of  people  and 
domestic  animals  on  land 


Continued  terrestrial  disposal  of 
toxic  industrial  and  urban  wastes 
will  create  potential  health  haz- 
ards in  both  inc*  "rializtd  coun- 
tries and  LDCs. 


No  impact  projected. 


Qimate 


No  impact  projected. 


No  impact  projected 


No  impact  projected. 


Technotogy 


No  impact  projected. 


No  impact  projected. 


No  impact  projected 


Nojrnpact  projected. 


Agriculture  and  food 


No  impact  projected. 


Land  productivity  is  declining  in 
many  industrialized  countries  a^ 
well  as  LDCs.  Losses  of  range  and 
farmland  to  desertification  by  2000 
could  toul  2,800  million  hectares, 
primarily  in  Africa  and  Asia. 

One  half  the  total  irrigated  land  is 
alrcMly  damaged  by  waterlogging^ 
salinization«  and  alkalinizatjon.  By 
2000,  an  additional  2.75  million 
hectares  could  be  lost  or  damaged. 


Regional  germ  plasm  in  traditional 
crops  is  being  lost  as  increasingly 
marginal  lands  are  being  brought 
under  cultivation  and  local  vari- 
eties are  replaced  by  high-yield 
varieties. 


No  impact  projected 


Soil  erosion  and  compaction  will 
be  a  continuing— perhaps  intensi- 
fying—problem for  intensively- 
cropped,  clean-tilled  land  in  both 
uKhistriatized  countries  and  LDCs. 

Heavy  dependence  on  pesticides 
will  further  deplete  insect  predator 
populations,  reducing  the  crop 
protection  offered  through  insect 
ecology,  lut  the  trend  toward  in- 
tegrated r«st  management  may 
compensite  or  even  rehabilitate 
some  areas. 


Fisheries  and  marine  de- 
velopments 


No  impact  projected. 


No  impact  projected 


No  impact  projected. 


No  impact  projected. 


Forest  exploitation         Hundreds  of  thousands  of  species  Between  1975  and  2000,  446  mil- 

of  plana  and  animals  will  be  ex-  lion  hectares  of  forests  will  be  re- 

tind  by  2000--a  major  reduction  moved  to  meet  global  demands  for 

of  a  global  ger^tic  resource.  forest  products,  fuelwood,  and  ag- 


No  impact  projected! 


Critical  catchment  areas  and  in- 
herently unsuble  IM  will  become 
destabilized  by  defbresution  lead- 
ing to  erosiott  and  land  sUppige. 


ricttltural  land.  The  deforesutkm 
will  ocoir  primahly  in  the  LDCs 
and  wilt:  (I)  came  irreparable  or 
long  term  damage  to  the  land  by 
exposing  the  toil  to  sun  and  rain; 
(2)  render  up  to  (00,000  species 
of  plants  And  animals  globally  ex- 
tinct;  (3)  destabilize  slopes  of 
catdtmems,  especially  in  the  Hi- 
malayan  range  and  other  moun* 
tains  of  Asia  and  01  Latin  American 
ranges. 

Deforestation  rates  arc  relatively 
slow  in  industrialized  countries, 
balanced  by  plantations. 


Habitats  for  wildlife  (including 
predators  of  agricultural  pests) 
will  be  destroyed  in  large  amounts. 


Water  resource  develop-  No  impact  projected, 
ment  and  regulation 


No  impact  projected. 


No  impact  projected. 


Large  impoundments  will  inun* 
date  agricultural  lands,  forests, 
mineral  deposits,  human  settle- 
ments, roads,  ere,  especially  in 
densely  populated  LDC  areas. 


S 
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Energy 


No  impact  projected. 


In  imiustrialized  regions  (North 
America.  Eastern  and  Western 
Europe,  Japan.  U.S.S.R..  South 
Africa,  and  Australia)  energy  de* 
velopment  by  2000  will  result  in: 

•  Thousands  of  millions  of  tons  of 
coal  mined  annually. 

•  Approximately  one  hundred 
thousand  million  tons  of  coal 
mined  cumulatively  over  the 
mS-2000  period. 

•  Many  thousands  of  square  kilo- 
meters of  land  strip-mined  cu- 
mulatively. 

•  Many  thousands  of  square  kilo- 
meters (collectively)  of  land  ad- 
versely affected  by  subsidence. 

•  Land  for  approximately  l.(XX) 
coal  power  plants  (nominal 
1.100  Mw). 

•  Land  for  several  hundred  nu- 
clear power  plants  (nominal 
l.HX)  Mw). 


Where  LDC  urban  poor  rely  on 
charcoal  or  firewood,  urban  de- 
mand will  result  in  total  .denude- 
ment  of  surrounding  countryside 
to  as  great  a  distance  as  100  kilo- 
meters 


Strip  mining  of  coal  and  uranium 
will  cause  land  disturbance,  and 
mine  tailings  will  pose  radiation 
danger. 
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A,  Terrestrial  Environments  (cont.) 


Global 


Regional 
{continentol  or  more  than 
one  nation  state) 


Local 

(subcontinental  individual  naffon  states,  or  smaller) 
Urban 


Rural 


•  Several  tens  of  thousands  of 
square  kjfoiiieters  of  land  for 
tnuttmifuoo  lines  for  new  coal 
and  nuclear  plants. 

•  Approximately  1.000  million  tons 
of  radioactive  taihngs  from  sup- 
plying uranium  for  the  1975- 
2000  period 

•  Approximately  10  miihon  cub*c 
meters  of  low-level  radioactive 
v/astes* 

•  A  few  100.000  tons  of  spent  nu- 
clear  fu^L 

'  Seveial  100.^  tons  of  spent 
nuclear  fuel  over  the  lifetimes  of 
the  plan;,  constructed  through 
the  year  2000. 

Coal  de*'elopment  can  be  expected 
to  be  most  intense  m  those  areas 
With  large  coal  deposits  (U  S  and 
Eastern  Europe)  nuclear  devel- 
opment most  intense  in  those  areas 
with  limited  coal  res<.urces  i  West- 
ern Europe.  Japan) 

III  the  less  developed  regions 
(North  and  Middle  Africa,  p^rts 
of  the  Middle  East,  murh  of  As.a. 
parts  of  Latin  America),  the  en- 
ergy impacts  will  be  primai  ly  in 
organic  fuels  leading  to 

•  A  650  million  cubic  meter  jn- 
nual  shortfall  in  fuelwood  before 
2000.  causing  (1)  combustion  of 
even  small  bushes  and  aggra 
vat^d  eros;on  and  desertifica- 
tion, and  (2)  increased  use  of 
dung  and  crop  residues  for  fuel 


FRir 


•  Annual  combustion  of  250-670 
million  tons  of  dung  by  2000. 
depnvtng  the  soils  of  tiie  equiv- 
alent of  $2  billion  m  chemical 
fertilizer. 


Nofifuel  minerab  No  impact  projected.  No  impact  projected.  No  impact  projected.  The  mining  of   lamcs  of  bauxite. 

sand,  gravv^  «m]  limestone,  at 
well  as  the  mining  of  metallic  m'.iH 
erals  from  hard  rock,  will  result  in 
long-term—  sometimes  perma- 
nent— local  land  disturbance  and 
loss. 


B.  Atmospheric  Environmenp. 


ERLC 


Population 


No  impact  projected 


No  impact  projected. 


No  impact  projected. 


No  impact  projected. 


GNP 


Some  spray-can  propellants  snd   No  impact  projected, 
some  high-altitude  aircraft  flights 
may  contribute  to  the  depletion  of 
the  ozone  layer. 


LDC  air  poltutioiv— espeaally  by 
toxic  substances — will  increase  if 
polluting  industries  move  from 
areas  with  strong  rnvironmenta! 
standards  to  areas  with  limited  or 
no  standards. 


Qtmate 


No  impact  projected. 


No  .mpact  projected 


Technology 


No  impact  projected. 


No  impact  projected 


Agriculture  and  food 


Nitrous  oxide  release  to  air  from   No  impact  projected, 
bacterial  conversion  and  nitrogen 
fertilizer  may  contribute  to  deple- 
tion of  the  ozone  layer. 

DDT  and  other  organochlorines 
enter  the  atmotphere  where  they 
accumulate  and  are  precipiuted 
out  in  rain,  which  ultimately  will 
contaminate  the  oceans 


Fisheries  and  marine  de-  No  impact  projected, 
veloproenu 

A 


No  impact  projected, 
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No  impact  projected 


No  impact  projected. 


No  impact  projected. 


No  impact  projected 


No  impact  .projected. 


No  impact  projected. 


Pesticides  sprayed  from  aikcraft 
may  a^^ate  kxrJ  air  quality  prot^ 
lems  and  poison  people  and  ani- 
mals. 

Snx>^ "  and  dust  will  create  local 
air  quality  problems. 

Land  clearing  will  cause  greater 
weather  and  microclimate  ex* 
tremes. 


No  impact  projected. 
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Atmospheric  Environments  (cont.) 


Globtl 


Regional 
(connnenml  or  more  than 
one  nation  state) 


Forest  exploitation 


Local 

{subcominenial,  individygi  nation  slates^  or  tmatter) 
Urban 


446  million  hecUres  of  forest  will 
be  lost  as  an  absorber  of  aimos- 
plieric  carbon  dioxide  (COj). 

CO]  will  be  added  lo  the  atmos- 
phere as  a  result  of  burning  apor* 
tion  of  the  trees  that  were  on  the 
446  millioi  hectares  cleared. 


No  impact  projected. 


Rural 


No  impact  projected. 


Water  resource  develop.   No  impsKi  projected, 
ment  and  regulation 


No  impact  projected. 


No  impact  projected 


Energy 


COj  emissions  will  increase  to  26- 
34  billion  short  tons  pe*  year, 
roughly  double  the  CO]  emissions 
of  the  mid  1970b. 

446  million  hectares  of  CO^-ab- 
lorbing  f(>rests  will  be  lost 

Burning  of  much  of  the  wood  on 
446  million  hectares  will  produce 
more  CO]. 

I>ecomposition  of  much  soil  hu- 
mus will  release  more  CO]. 

Esublishment  of  trends  in  fossil 
fuel  combustion  and  deforesta^ 
tion.  which  will  lead  inevitably  to 
significantly  larger  concentrations 
of  CO]  in  the  earth's  atmosphere 
during  the  21st  century. 

A  doubling  of  the  CO]  concentra- 
tion by  20S0  could  increase  the 
average  temperature  of  the  earth 
by  about  TQ.  melUng  much  of  the 
polar  ice  over  an  estimated  period 
200  years  and  flooding  large 


In  industrialiied  regions  of  the 
world  (Nonh  America.  Eastern 
and  Western  Ei.^pe.  iapfn. 
U  S.S.R..  South  Africa,  and  Aus- 
.ralia)  the  annual  production  and 
combustion  of  several  thousand 
million  tons  of  coal  will  produce 
regionally  significant  emissions  of 
particulates,  carbon  monoxide, 
nitrogen  oxides,  sulfur  oxides,  and 
toxic  heavy  metals. 

In  some  areas,  emission  control 
standards  will  limit  or  reduce  some 
emissions.  In  the  U.S..  for  exam- 
ple, the  Department  of  Energy 
estimates  that  under  present 
standards,  national  emissions  of 
sulfur  oxides  will  dedinr  until  1985 
and  increase  thereafter. 

In  the  less  developed  regions,  in- 
creased combustion  of  wood,  dung, 
and  OMl  is  not  expected  to  result 
in  multinational  or  continental  air 
quality  problems. 


Noticeable  increaK  in  humidity 
will  occur  near  reservoirs  and  ir- 
ription  systems. 


Slight  increase  in  humidity  near 
reservoirs  and  irrigation  systems. 


Coal  combustion  will  result  in  5  to 
20  limes  more  air  polluUnts  (CO. 
NO,.  SO],  hydrocarbons,  smoke, 
smog)  than  at  present  and  higher 
temperatures  than  surrounding 
countryside. 

LDC  cities  will  probably  not  de- 
mand emission  controls  on  coal 
power  and  heating  pitnts.  and  as 
a  result  will  experience  large  in- 
creases in  many  air  potlutanu.  es- 
pecially sulfur  oxides  and 
particulates 


Hotter  local  weather  will  occur 
where  forests  have  been  removed 
for  fuelwood  or  charcoal 


auKMimt  of  cotital  land.  IncrcMcd  emissiofis  of  sulfur  and 

nitrofen  oiides  will  acidify  the 
rain  over  wide  areas. 


HmdM  m«Aenil9  No  imf»>ct  projected.  No  impact  projected.  No  impact  projected.  No  impact  projected. 


C,  Aquatic  Enmron^-.nts 


Population 


No  impact  projected. 


No  impact  projected 


Human  wastes  create  increasingly 
severe  water  pollution  problems 
in  many  LDC  urban  areas. 


No  impact  pro|ected. 


No  impact  projected. 


Pollution  by  toxic  wastes  from  pe- 
trochemical, metallurgical,  and 
other  industries  will  accumulate  in 
regional  teas  and  gulfs  with  slow 
or  restricted  water  diculation  (e.g.. 
Red  Sea.  Caspian  Sea.  Persian 
Gulf.  Mediterranean). 


In  or  near  large  cities— espeaally 
in  the  middle-income  LDCs--se- 
rious  water  poUution  by  organic 
and  inorganic  wastes,  some  highly 
toxic,  can  be  expected  from  areas 
of  industrial  concentration  and 
ports.  Construction  on  coastal  and 
wetland  habitats  will  reduce 
spawning  and  breeding  habitats 
and  damage  reefi. 


Qlinate 


Qimate  change  of  suffideni  mag- 
nitude to  influence  global  wk^r 
sujtrfies  are  thought  possible  by 
2010.  but  there  is  no  consensus  on 
eitK*r  the  climate  change  or  the 
associated  change  in  water  Mipply. 


Oimate  chanf  *  of  sufficient  mag- 
nitude to  influence  regional  wr  er 
supplies  is  thought  possible  by 
2000.  but  there  is  no  consensus  on 
either  th*  dimate  or  the  associated 
change  in  water  supply 


Oimate  change  of  sufTicienl  magnitude  to  influence  local  water  supplies 
are  thought  possible  by  2000.  but  there  is  no  consensus  on  either  the 
climate  change  or  the  associated  change  in  water  supply. 


TecVfOlofy 


No  impact  projected 


No  impact  projected. 


No  impact  projected. 


No  impuct  projected. 


Food  and  •f^ahurc       No  impai.t  projected 


Consumptive  ievaporative)  UK  of  Pesticide,  fertilizer  and  other 

water  for  iirigation  will  increase.  chc.«ik^  manufactunng  plants  may 

Surface  waters  will  contain  in-  pollute  local  waters  with  effluents, 
creased  amounts  of  salts,  fertil- 
izers, and  pesticides. 

Perststeni  pesticides  and  their  deg- 
radation products,  especially  the 
organorhkmne  group,  will  accu- 
mulate in  marine  sediments  arnJ 
bioaccutrtuHiie  in  marine  food 
chains. 


Streams  receiving  runoff  from 
farmlands,  especially  irrigated 
lands,  will  receive  increased  quan- 
tities of  pettiddet.  herbicides,  ted- 
imenu.  nitrites,  and  nitrates. 

Persistent  pesticides  in  runoff  will 
contaminate  sedimenu  and  near- 
shore  waten  and  daauge  spawn- 
ing and  breeding  waters. 

FecdkiU  and  food-piootaing  plants 
will  pollute  local  waien  with  or- 
ganic wastes,  depretsifig  dissolved 
oxygen  levels  and  kilting  fish. 


ERLC 
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C,  AQUATIC  EhfVIRONMENTS  (coilt.) 


Regional  .   ,  Local 

iconnnentai  or  more  than   KsutKOnunemat,  mdmdual  natton  states,  or  smaller) 


^•^^  one  rmon  staie)  Urban 


Rural 


Fitlicncs  and  marine  de- 
velopment 


Intensive  commercial  ftsfaing  will 
continue  to  deplete  oceanic  stocks 
of  tuna  and  other  traditionally  pre- 
ferred spedes. 


Forest  exploiution 


No  impact  projected 


Water  resource  develop- 
mem  and  regulation 


No  impact  projected 


Populations  of  Referred  fish  spc-   Fishing  in  heavily  polluted  rivers,  coastal  waters,  and  estuaries  will 

*^'*L'"J^  '^'"^"^  ^"^^  '"'"^'^      ^  ^^^^  of  toxic  chemicals 

seas  (e.g..  the  Meditenane*     as  and  pathogens. 

a  result  of  intensive  fishing  and 

pollution. 

The  200-mile  economic  zone,  on 
the  other  hand,  may  lead  to  im- 
proved management  of  some  re- 
gional and  national  fbheries. 


Extensive  deforestation  and  land- 
clearing  will  alter  the  hydrology  of 
major  rivers,  exaggerating  ex- 
treme high  and  low^  flows. 


Local  streamflow  and  seasonal  flood*  will  increase  in  basins  with  de- 
forested watersheds. 

Aquifer  recharge  wiO  diminish  following  deforesutkm.  redudf^  ground- 
water supplies  and  increasing  vulnerability  to  d/ought. 

Intensive  tree-farming  will  add  fer<ili^ra  and  pesticides  to  local  waten. 


Large-scale  dams,  impoundmenu. 
and  modifications  of  nver  flows 
will  significantly  alter  salinity, 
temperature,  and  flows  of  nu- 
tneuts  in  estuaries,  disrupting  the 
life  cycles  of  many  organisms  and 
adversely  affecting  biological  pro- 
ductivity in  the  affected  waters 


Energy 


Open  Gkceans  w:ll  be  polluted  by 
oil  from  tankers  and  by  atmos- 
pheric fallout  from  the  combustion 
of  roasil  fuels 


in  the  industriali^d  regions  of  the 
world  (North  America.  Eastern 
and  Western  Europe.  Japan. 
U  S  S  R..  South  A^ica.  and  Aus- 
!ralui).  there  will  he  several  aquatic 


'0 


Haza.dk  of  schistosomiasis.  maUria.  and  other  water-borne  dileases 
will  be  increased  significantly 'through  irrigation  projectt  that  aeate 
and  expand  habiuts  for  the  vectors  and  hosts  of  these  diseases. 

Increasing  consumptive  use  of  water  will  diminish  the  capacity  of 
streams  and  n^'ers  to  carry  and  degrade  wastes,  including  soil  salt*. 

Impoundmenu  on  smaller  rivers  to  store  water,  control  floods,  and 
generate  electricity  will  alter  hydrologic  regimes  to  the  detriment  of 
aquatK  productivity,  only  partially  compensated  for  by  still- water  fish- 
eries  in  reservoirs. 

Oil  pollution  of  ports,  coastal  waten.  and  estuaries  from  accidenul 
losses  occunng  durmg  transfere.  or  from  groundings  or  collisions. 

Local  waters  will  experience  thermal  and  other  kinds  of  pollution  as 
a  result  of  coal  and  nuclear  generating  plants  with  once-through  cooling 
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imiMctt  of  energy  dcvetopnicnt: 
Acidic  drainage  from  approxi- 
matcly  one  thousand  million  tons 
of  coal  mined  annually  will  affect 
water  quality  and  aquatic  life  over 
large  artas. 

Lakes  in  southern  Scandinavia  and 
eastern  Noth  America  will  become 
acidified  as  a  result  of  acid  rain 
and  snew. 

Oil  from  offshore  wells  and  unk- 
era  (operational  diKharges  and 
accidenUl  spills),  and  terrestnal 
runoff  will  pollute  coastal  and 
open  ocean  areas. 

Large  inaeases  in  the  number  of 
coal  and  nuclear  power  planu  wilt 
create  a  large  impact  on  the  aq*jatic 
environment  through  onoe-through 
cooling  or  consumptive,  evapora- 
tive cooling. 

In  the  less  developed  regions,  two 
aquatic  impacts  of  energy  devel- 
opment can  be  expected:  Stream 
and  river  fkws  will  be  desubilized 
as  a  TcmU  of  deforestation  for  fuel- 
wood;  oil  development  andexpon 
in  petroleum  exporting  countries 
will  adversely  affect  water  quality 
and  aqmitic  resources. 


which  alters  aquatic  ecology,  lowen  dttsolved  oxygen,  kills  fish  eggs, 
and  may  cause  fish  kills. 

ConsumpUve  use  of  water  for  evaporative  coo^Jng  in  generating  plants 
may  be  large  enough  to  affect  stream  flows  in  some  areas,  potentially 
reducing  tlie  ability  of  streams  to  absorb  wastes  and  degrading  water 
quality  locally. 

Local  streams  and  rivers  will  be  polluted  by  acidic  drainage  from  mines. 


r4onfuel  minerals  No  impact  projected 


Deep-sea  mining  is  not  expected 
to  produce  setiously  adverse  ef- 
fects in  the  shon  run  (years)  but 
the  long-term,  ultimate  effects  of 
bottom  disruption,  turbidity  in  the 
deep  ocean  waters,  and  tlve  proc- 
essing of  wastes  are  still  very  un- 
certain. 


Deep-sea  n^tning  will  produce  silt  and  processing  wastes  that  may  be 
locally  damaging  to  marine  ecosystems 
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TABLE  13^  (coot.) 

D.  Low  Probability,  High-Risk  Events  Affecting  All  Environments 


Qimatc 


Food  and  agriculture 


Global 

A$  populations  grow,  forcing  the 
use  of  more  marginal  ano  ^rid 
lands,  world  food  production  will 
become  more  vulnerable  even  to 
(relatively)  high-probab|lity  vari- 
ations in  climate. 


Regional 
{continental  or  more  than 
one  nation  state) 

Regional  manifestations  of  the 
global  problem  will  be  significant, 
especially  for  Sourh  Asia,  the 
United  States,  the  U  S  S  R..  and 
the  Sahel  region  of  Africa 


Local 


(subcontinental,  individual  nation  states,  or  smaller) 
Urban 


Rural 


Vulnerability,  large  increases  in 
prices,  and  supply  interruptions 
will  be  especially  high  in  urban 
areas. 


Vulnerability  is  less  in  rural  areas 
but.  locally,  will  be  severe,  as  in 
the  African  Sahel 


Habitat  for  the  wild  progenitors  of 
major  food  crops  will  continue  to 
be  lost  while  single-variety  mon- 
ocultures expand.  As  a  result, 
there  would  be  an  increased  prob- 
ability of  plant  epidemics  (e.g. .  the 
U.S.  problem  with  com  blight  in 
the  early  1970s),  which  could  sig- 
nificantly affect  world  food  sup- 
plies and  markets. 

Inaeased  dependence  of  agricul- 
ture on  fossil  fuel  intensive  inputs 
increases  the  vulnerability  of  aop 
production  to  disruptions  of  en- 
ergy supplies. 


Regional  manifestations  of  the 
global  problem  will  be  experi- 
enced. 


Urban  areas  will  be  more  vulner- 
able to  inaeased  prices  and  supply 
interruptions 


Kural  areas  will  be  less  vulnerable 
tlian  urban  areas  to  supply  inter- 
ruptions and  increased  prices. 
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Energy 


The  increased  use  of  nuclear  en- 
ergy increases  the  probability  of 
further  nuclear  proliferation  and 
of  nuclear  terrorism. 


A  226  percent  increase  in  nuclear 
and  hydroelectric  (mostly  nuclear) 
generation  by  1990  (several 
hundreds  of  pUnts  by  2000).  will 
increase  the  probability  of  a  seri- 
ous accident  in  a  nuclear  reactor 
or  in  some  other  portion  of  the 
nuclear  cyde. 


Local  manifestations  of  the  global 
and  regional  impacts  will  be  ex- 
perienced. 

Increased  marine  transport  of  liq> 
ucfied  energy  gases  will  increase 
the  risks  of  fires  or  explosions  in 
ports. 


No  impact  projected 


Note:  Throughout  Table  13-46  the  word  "will"  is  used  in  the  sense  that  an  impact  will  follow  if  the  population 
GNP,  and  resource  projections  are  fulfilled  and  if  there  »  no  change  in  current  environmental  projection  polict^. 


ENVIRONMENT  PROJECTIONS 
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be  related  back  to  the  environmental  assumptions 
in  projection  models  for  the  discussion  of  dis- 
crepancies and  their  implications  in  the  section 
entitled,  ''Assumptions,  Discrepancies,  and  Feed- 
back." 

It  should  be  emphasized  here  once  again  that 
the  entries  in  Table  13-46  and  in  the  following 
section  C*The  Global  Environment  in  2000"j 
summarize  impacts  on  the  env^onmeni  implied  by 
the  Global  2000  Study's  population,  GNP,  and 
resource  projections.  Where  an  entry  in  the  table 
indicates  ''No  impact  projected,"  it  means  simply 
that  the  Global  2000  Study's  projections  for  pop- 
ulation, GNP,  and  resources  do  not  imply  an  im- 
pact in  this  particular  area.  For  example,  although 
there  are  many  indirect  implications  of  the  pro- 
jected increase  in  human  population,  the  pro- 
jected increase  is  not  expected  to  have  a  direct, 
global  effect  on  t}ie  world's  soils.  As  a  result,  the 
first  entry  in  Table  13-46  under  Terrestrial  En- 
vironment is  "No  impact  projected." 

The  Global  Environment  in  2000 

Most*  aspects  of  environmental  deterioration 
are  not  global  an  scale,  but  those  that  are  are 
seriocs  and  troubling  indeed.  They  are  serious  not 
only  because  they  develop  slowly  on  a  massive 
scale  but  also  because  they  are  usually  not  subject 
to  any  quick  technological  fixes.  They  are  ttou- 
bling  not  only  because  data  ahd  knowledge  on 
their  development  and  causes  are  often  only 
sketchy,  but  also  because  the  institutions  studying 
and  addressing  these  problems  are  underfunded 
and  understaffed.  Furthermore,  solutions  to  many 
global  environmental  problems  are  related  di- 
rectly or  indirectly  to  economic  development  and 
population  stabilization  efforts,  and  therefore 
programs  to  address  global  environmental  prob- 
lems must  inevitably  become  involved  in  some  of 
the  world's  most  difficult  and  complex  social,  po- 
litical, and  economic  problems. 

Serious  environmental  developments  on  a  global 
scale  are  clearly  in  evidence— on  the  land,  in  the. 
atmosphere,  and  in  the  water.  The  global  prob- 
lems of  the  terrestrial  environment  are  considered 
first. 

The  World* s  Terrestrial  Environment  in  2000. 
The  world  has  only  recently  begun  to  take  meas- 
ure of  the  universal  and  momentous  nature  of 
trends  in  the  condition  of  the  terrestrial  environ- 
ment. The  data  now  available  are  lai gely  a  result 
of  a  series  of  specialized  international  conferences 
and  studies  sponsored  by  the  United  Nations.  The 
general  picture  is  that  of  a  decline  in  soil  quality 
and  productive  capacity  over  much  of  the  planet. 
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but  especially  in  the  difficult  or  margins^  environ- 
ment^ such  as  mountains,  arid'  lands,  very 
humid  regions.  The  most  massive  losses  or  dam- 
ages to  the  worhd'^  lands,  forests,  and  genetic 
wealth  have  been  taking  place  and  will  continue 
to  take  place  in  the  less  developed  regions  of 
Africa,  Latin  America  and  Asia,  but  the  indus- 
trialized countries  are  also  being  affected. 

Some  reference  figures  are  helpful  in  adding 
perspective  to  the  discussion  of  the  future  of  the 
terrestrial  environment.  The  most  basic  of  these 
figures  is  the  earth's  total  area:  51,000  million 
he^ares  (510  million  square  kilometers)  or  197 
million  square  miles.  Of  the  earth's  total  syrface, 
more  than  70  percent  is  ocean  (361  million  sq  ktn). 
About  25  percent  (132  million  sq  km)  ii  ice-free 
land.  About  5  percept  (26  milhon  sq  kn])  is  closed 
forest  and  2  percent  (12  million  sq  km)  is  open 
forest  and  range  land.  Deserts  now  cover  about 
2  percent  of  the  surface  area  (7.9  million  sq  km) 
AD0ut3  percent  (15  million  sq  km)  is  arahjp  landr 
Irrigated  land  amounts  to  less  than  I  percent  of 
the  arable  total,  as  does  the  total  urban  area. 

Table  13-47  presents  the  major  trends  in  the 
world's  terrestrial  environment.  In  geographic 
terms,  desertification  is  the  most  sweeping  change. 
If  unchecked,  the  process  of  desertification  that 
is  claiming  range  land  and  some  crop  land,  es- 
pecially in  Africa  and  Asia,  will  more  than  triple 
the  present  7,922  thousand  square  kilometers  of  * 
desert  in  the  world,  possibly  by  3000.  Twenty  one 

TABLE  1^7^ 

Projected  Changes  in  Global  Vegetaiion  and  Land 
Resources,  1975-2000  ^ 

Perccni 


1975 

2()(M) 

Change 

Change 

mdlions  of  hectares 

Deserts 

792 

1,284 

+  492 

+  62 

Closed  forests 

2.563 

2.117 

-446 

-  17 

litigated  area 

223 

273 

+  50 

+  22 

Irrigated  area 

damaged  by 

saltntzatton  and 

related 

f  3 

problems* 

111  5 

114  6 

+  3  I 

Arable  land 

1,477 

1.539 

^62 

+  4 

Awrtr  Global  2000  Study  projection*' 

■  Etlimalcd  M  follows  In  Chapter  V«t  is  cMimated  thiit  h^lf  )t  the  wnrU  ^tnl^l 
irrigated  ar«a  it  already  danfiafed.  (hui  the  figure  is  apptoitm^iclv  til  ^ 
miltiofi  ha  The  U  N  eitimates  {OesrrttficBtion  An  0\rr\trw  V  N  CivnfercfHf 
on  t>eMrtiricatiOA.  1977.  p  12  )  thai  approumjiicly  12S  (XXl  ha  arc  degriideu  an 
nMlly  due  to  waterlogging .'Salin{zation,  and  alkaliniasition  Assuming  that  thi^ 
aAAual  1\i»n  rtmaina  comtant  to  the  year  2«W  •  total  of  3  I  million  ha  would 
be         to  ihe  damaged  |rca.  bringing  the  total  to  1 14  6  million  ha 
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percent  of  the  earth's  ice-free  surface  would  then 
be  desert. 

,  At  the  other  climatic  extreme— the  humid  trop- 
ics—deforestation is  projected  to  remove  446 
million  hectares  of  closed  forest  by  2000,  thus  re- 
ducing the  amount  of  the  earth's  surface  covered 
with  closed  forests  from  one-fifth  to  one-sixth  of 
the  total.  Because  of  the  low  fertility  of  many  soils 
in  the  humid  tropics,  the  removal  of  tropical  for- 
ests may  represent  a  onetime  exploitation  with 
high  long-term  costsr^espccially  for  the  survival 
of  local  flora  and  fauna. 

At  TO  time  in  recorded  history  has  the  specter 
of  ^«cies  extinction  loomed  so  ominously.  Largely 
a  consequence  of  deforestation  and  the  "taming" 
of  wild  areas,  the  projected  loss  over  two  decades 
of  approximately  one-fifth  of  all  species  on  the 
planet  (at  a  minimum,  roughly  500.000  species  of 
plants  and  animals)  is  a  prospective  loss  to  the 
world  that  is  literally  beyond  evaluatidh.  The  ge- 
netic and  ecological  values  of  wild  or  newly  iden- 
tified species  continue  to  be  discovered.  They 
represent  an  irreplaceable  evolutionary  legacy 
whose  value,  particularly  the  value  of  the  many 
expected  to  1^  lost  in  the  tropics,  will  certainly 
increase  espcially  if  the  earth's  climate  becomes 
warmer.  The^act  that  humankind  derives  most 
of  its  food  Mm  no  more  than  15  species  of  plants 
masks  to  scftne  extent  the  importance  of  genetic 
extinction,  but  not  for  the  plant  breeders  who  rely 
on  the  traits  of  wild  progenitors  of  domestic  plants 
in  their  continuing  battle  against  pests  and  disease 
and  in  efforts  to  increase  yields. 

Arable  land  for  agriculture  is  projected  to  in- 
crease by  about  4  percent  over  the  next  two  dec- 
ades to  a  total  of  15.4  million  square  kilometers. 
This  global  projection,  however,  hides  a  number 
of  important  considerations.  In  some  areas  the 
amount  of  arable  land  is  actually  projected  to  de- 
cline. Where  arable  land  is  projected  to  increase, 
the  projection  is  based  on  the  assumption  that 
capital  will^bc  available  to  bring  the  land  ii\to 
cultivation  ^t  two  to  three  ^imes  the  present  cost 
per  hectare.  Furthermore,  overall  basic  land  pro- 
ductivity is  declining  in  many  areas. 

Irrigated  lands,  a  part  of  the  productivity  prob- 
lem, are  projected  to  increase  by  about  28  per- 
cent, again  assuming  that  large  amounts  of  capital 
will  be  available  for  water  regulation  an^  irriga- 
tion projects.  However,  one-half  of  the  world's 
irrigated  soils  are  presently  suffering  the  effects 
of  salinization  and  alkalinization  resulting  from 
inadequate  drainage  and  poor  water  manage- 
ment. The  amount  affected  will  increase  during 
the  rest  of  the  century.  Barring  unprecedented 
improvements  in  water  and  soils  management,  the 


historic  and  present  intractability  of  this  problem 
does  not  bode  well  for  irrigation  in  arid  zones. 
While  the  aieas  affected  are  relatively  small,  ir- 
rigated lands  gendrap^  have  exceptionally  high 
yields,  and  their  low;  or  even  their  reduced  pro- 
ductivity, is  therefore  very  important.  In  the  U.S. , 
for  example,  the  extremely  productive  San  Joa- 
quin Valley  in  California  is  experiencing  increas- 
ing problems  of  salinization. 

>yorldwide.  the  productivity  of  arable,  unirri- 
gated  land  is  declining  in  many  areas  due  to  ov^ 
erintensive  use.  While  in  the  industrialized^ 
countries,  a  loss  in  natural  productivity  is  partially 
obscured  by  heavy  use  of  increasingly  expensive, 
petroleum-based  chemical  fertilizers,  that  is  not 
the  case  in  the  LDCs.  While  lack  of  comprehen- 
sive data  limits  appreciation  of  the  phenomenon, 
observations  in  Africa  and  in  India  and  elsewhere 
in  Asia  point  to  continuing  erosion,  loss  of  organic 
matter,  shortened  fallow  periods,  and  declining 
soil  quality  in  the  decades  ahead.  ^ 

The  prospect  of  declining  soil  quality  can  be 
seen  to  be  very  serious  when  viewed  against  a 
backdrop  of  increasing  population  densities  on 
arable  lands.  The  trends  in  arable  hectares  per 
capita  throughout  the  world  are  illustrated  in  Fig- 
ure 13-20.  With  less  than  2000  square  meters 
(one-fifth  of  a  hectare,  or  one-half  acre)  of,arable 
land  per  capita  projected  for  the  year  2000  in  the 
LDCs.  continuation  of  the  deterioration  in  soil  ' 
quality  and  natural  productivity  would  be  disas- 
trous. Nonetheless,  since  birth  rates  are  not  pro- 
jected to  decline  to  replacement  levels  anytime 
soon  and^since  little  additional  land  will  be 
brought  into  cultivation,  very  intensive  use— and 
abuse— of  land  can  be  expected  to  continue  well 
into  the  21st  century. 

While  there  are  definite  global  trends  toward 
soil  loss,  soil  deterioration,  and  spedes  extinc- 
tions, these  terrestrial  trends  are  generally  subject 
to  remedial  actidn  on  a  national  of  even  local 
scale.  By  contrast,  the  atmosphere  and  the  oceans 
are  examples  of  global  resources  held  in  common, 
and  all  nations  must  inevitably  participate  in  the 
resolution  of  problems  in  these  areas.  Institution- 
ally, therefore,  the  problems  of  the  atmospheric 
and  aquatic  environments  are  even  more  difficult 
of  solution  than  those  of  the  terrestrial  environ- 
ment.* 

•It  cut  be  reasonably  vgued  chat  terrestrial  resources  are  also,  A 
tn  effect,  a  global  commons  problem.  Foreign  economic  ii- 
sistancc  and  mtemational  trade  ift^,  grain,  and  forest  prod- 
ucls  mvolve  many  nations  directly  or  indirectly  in  the  fite  of 
other  nations*  terrestrial  environments.  Nonetheless,  each  na- 
tion dees  have  significantly  more  control  over  iu  soils,  forests, 
and  fresh  waur  resources  ibar  it  does  over  its  share  of  the 
world  s  atnu{iphere  and  oceans 
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FirMt  1^20.  Arable  land      capiu,  1955,  1975.  and  7000.  {From  Chapter  6.  Table  6-13) 


The  World's  Atmospheric  Environment  in  2000. 
Two  global  atmospheric  changes  resulting  from 
anthropogenic  pollutants  are  of  great  conse- 
quence over  the  long  term:  the  increase  in  con- 
centrations of  carbon  dioxide  (CO,)  and  the 
depletion  of  the  ozone  layer  in  the  stratosphere. 

Most  climatologists  exp^xt  a  general,  ^obal 
^  wanning  as  a  consequence  of  increased  atmos- 
pheric concentrations  of  CO,,  but  the  timetable 
for  significant  global  wanning  is  not  agreed  upon. 
The  National  Adademy  of  Sciences  projected  a^ 
6^  C  warming  by  the  latter  half  of  the  22nd  cen- 
tury, but  it  appears  very  likely  that  signifi^  ant 
global  climatic  wkffping  could  Ixcur  long  before 
that  time.  A  pan^l  of  sdentists  assembled  by  the 
Department  of  Energy  an^cipates  that  a  doubling 
of  atmospheric  CO,  would  result  in  a  2-3''  C 
wanning  as  early  as  the  year  2050.  ^ 

U.S.  analyses  of  early  wanning  trends  are  sup- 
ported by  World  Meteorologi^  Organization 
.(WMO)  reports  on  atmospheric  carbon  dioxide. 
The  WMO  afeo  suggests  that  with  a  doubling  of 
CO,  tbt  global  average  temperature  would  in* 
creasf  by  almost  S""  C  above  its  present  level  ^' 
and  that  gradual  warming  of  the  lower  atmos- 
phere, expedally  at  high  altitudes,  would  create 
glotml  and  regional  climatic  effecu  detectable  be- 
fore the  end  of  this  century  and  significant  before 


end  of  the  next.  ^  The  Declaration  of  the  1979 
<d  Climate  Conference  of  the  WMO  states 
.  he  burning  of  fossil  fuels,  deforestation,  and 
^  jt%  of  land  use  h^vr  mcreased  the  CO,  con 
in  the  atmosphere  b>  about  IS  per  cent  during 
u.*  last  century  and  are  continuing  to  increase 
CO,  concentrations  by  about  0.4  per  cent  per 
year.^ 

Most  recently,  four  scientists  reported  to  th^ 
Council  on  Environmental  Quality  on  the  CO^ 
problem,  noting— among  other  things— that  the 
time  is  at  hand  when  industrialized  nations  must 
begin  careful  consideration  of  the  implications  of 
their  energy  policies  for  the  CO,  balance  of  the 
atmosphere.  The  scientists  concluded:  'if  we  wait 
to  prove  that  the  climate  is  warming  before  we 
take  steps  to  alleviate  the  CO,  build-up,  the  ef- 
fects will  be  well  underway  and  still  more  difficult 
to  control.  The  earth  will  be  committed  to  appre- 
ciable changes  in  climate  with  unpredictable  con- 
sequences. The  potential  disruptions  are  sufficiently 
great  to  warrant  the  incorporation  of  the  CO, 
problem  into  all  considerations  of  policy  in  the 
development  of  energy.^ 

A  global  warming  would  mean  more  rain  and 
a  melting  of  polar  ice,  with  a  consequent  rise  in 
sea  level.  Temperature  increases  in  polar  regions 
would  be  3  or  4  times  greater  than  global  aver- 
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ages.  If  the  West  Antarctic  ice  *eets  were  to 
melt/  it  could  raise  sea  levels  worldwide  by  S 
meters.^  Even  if  only  a  T  C  increase  in  average 
temperature  were  experienced,  it  would  make  the 
^earth's  climate  warmer  than  it  has  been  at  any 
time  in  the  last  1,000  years. 

The  date  at  which  significant  depletion  of  the 
ozone  layer  could  take  place  is  at  least  as  uncertain 
as  the  date  for  significant  effects  of  carbon  dioxide 
accumulation.  It  is  thought  that  continued  use  of 
chlorofluoromethanes  at  the  1974  rate  would  re- 
duce global  ozone  by  14  percent  over  50  years. 
Gases  emitted  from  high-altitude  aircraft  and 
from  nitrogen  fertilizen,  thought  to  have  a  simi- 
lar, if  lesser,  effect  on  ozone,  would  also  contrib- 
ute to  the  depletion. 

Ozone  absorbs  ultraviolet  and  cosmic  radiation, 
and  as  a  result  its  depletion  allows  greater  amounts 
of  these  biologically  potent  forms  of  radiation  to 
reach  the  earth.  It  is  estimated  ih^l  a  1  percent 
decrease  in  ozone  increases  ultraviolet  radiation 
by  2  percent.  The  known  consequences  of  in- 
creased ultraviolet  radiation  include  a  greater  in- 
cidence of  skin  cancer  in  humans  and  damage  to 
other  species  (both  plants  and  animals),  but  the 
biological  impacts  of  increased  ultraviolet  radia- 
tion have  not  been  studied  extensively. 

The  World's  Aquatic  Environment  in  2000. 
Over  the  next  two  decades,  changes  in  the  world's 
aquatic  environment  are  expected  to  occur  pri- 
^  marily  on  or  near  land.  Freshwater  will  be  affected 
most,  followed  by  changes  in  coastal  marine 
waters  and  habitats.  The  deep  ogpn-ocean  waters 
interact  only  very  slowly  with  surface  and  coastal 
waters  and  are  not  expected  to  change  signifi- 
cantly by  2000. 

The  precise  nature  of  freshwater  pollution  is 
highly  localized,  but  the  general  problem  of  water 
quality  deterioration  is  global  in  scope.  In  the  less 
developed  regions,  pollution  of  water  supplies  by 
disease  pathogens  or  parasites  is  perhaps  the  ma- 
jor problem.  In  industrialized  and  urbanized  re- 
gioRs»  pollution  of  waterways  and  ground  water 
by  municipal  sewage  and  industrial  wastes  (toxic 
chemicals  and  heavy  metals)  are  principal  con- 
cerns. In  rural  areas,  nonpoint  pollutants— fertil- 
izers, pesticides,  sait-laden  irrigation  drainage, 
and  other  contaminants  emitted  from  sources  that 
are  difficult  or  impossible  to  pinpoint— are  of  uni- 
verMl  concern. 

Ultimately,  rivers  carry  m^ny  freshwater  pol- 
lutants to  the  oceans,  and  over  the  nv'xt  two  dec- 

*Scieiitiitt  ^|cUeve  that  with  a  6*  C  increase  in  the  earth*i 
average  tem^rature,  the  melting  would  require  about  200 
yean. 


ades  coastal  waters  will  be  steadily  polluted  by 
oil,  persistent  chemicals  (including  organochlo- 
rine  pesticides),  and  by  hea\7  metals,  even  though 
discharges  of  these  pollutants  are  controlled  in  a 
number  of  nations.  Tht  U.S.  *alone  now  dis- 
charges SO  million  tons  of  waste  per  year  into  'the 
oceaiH-<80  percent  of  it  dredge  spoils,  lO^rcent 
industrial  waste,  9  percent  sewage  sludge,  and  1 
percent  miscellaneous.^  In  addition,  increased 
offirfiore  oil  and  gas  drilling,  a  projected  7  percent 
increase  in  ocean  traffic  (includirig  the  transport 
of  oil),  the  mining  of  the  seabed,  and  the  urban- 
ization and  industrialization  of  coastal  areas  will 
all  contribute  to  ocean  pollution. 

Continuing  heavy  exploitation  of  coastal  fish- 
eries and  upwellings,  as  well  as  pollution  and  loss 
of  estuarine  habitats,  will  deplete  preferred  stocks 
of  fish  (e.g.,  tuna)  worldwide.  The  following 
trends  for  fish  and  shellfish  populations  are  based 
on  the  Global  2000  Study  projections: 


Annual 

Harvest 

On  millions 

^  of  metmc 

tons) 

Marine  species 

60 

Freshwater  species 

10  ' 

Mariiic  aquaculture 

3 

Freshwater  aquaculture 

3 

Total 

•76 

Demand  in  year  20U0 

S3.5 

Trend 

Peak.  1970 
Peak.  1975 
Increasing,  1979 
Increasing,  1979 


The  200-inile  economic  zone  may  lead  to  im- 
proved  managc^ment  of  marine  fisheries,  but  the 
pressures  on  these  re*^urces  are  expected  to  con- 
tinue to  increase. 

Lew-Probability,  High-Risk  Events  Affecting 
All  Environments,  By  2000  the  world  «vill  be  more 
vulnerable  to  several  low-probability  high-risk 
events.  Food  product  n  will  be  more  vulnerable 
to  fluctuations  in  climate  and  to  disruptions  in 
energy  supplies  for  fertilizer  production,  farm 
machinery  fuel,  and  irrigation.  Loss  of  wild  pro- 
genitors of  major  food  crops  could  lead  to  in- 
creased difficulty  in  maintaining  pest  and  pathogen 
resistance  in  high-y;c!d  hybrids.  A  major  shift  to 
nuclear  power  could  make  the  energy  sector  vul- 
nerable,  should  a  major  nuclear  accident  occur. 
And  a  major  shift  to  coal  could  make  the,  energy 
sector  vulnerable,  should  a  serious  problem  de- 
velq;>  with  CO,.  While  it  may  be  that  none  of 
these  difficulties  will  occur,  the  disruptive  poten- 
tial of  such  events  will  increase  significantly  by 
2000. 
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Sptdal  lUgioMi  ProMemi 

In  addition  to  the  worldwide  environmental 
developments  j^pt  described,  Table  13-^  in-- 
dudes  a  large  number  of  regional  developments 
involving  continent^  or  more  than  one  nation 
stale.  Six  regional  developments  are  discussed 
here:  (1)  the  increasing  use  of  coal  combustion  by 
industrial  regions;  (2)  fheir  increasing  use  of  nu- 
clear power;  (3)  fUelwood  shortages  in  rtiral  LDC 
areu;  and  developments  in  (4)  regional  seas,  (5) 
transnational  river  basins,  and  (6)  wet  trc^ical 
regions. 

Industrial  Regions  Turning  to  Coal,  Two  large 
industrial  regions  are  rich  in  coal  resources— the 
United  States  and  Eastern  Europe.  It  is  likely  that 
the  coal  resources  of  these  regions  will  be  devel- 
oped much  more  extensively  over  the/ next  two 
decades.  While  it  is  not  possible  to  anticipate  the 
environmental  consequences  in  detail,  there  are  ^ 
broad  implications  for  the  land,  air,  and  water  of 
these  regions. 

^  The  land  impacts  are  primarily  associated  "with 
coal  mining,  power  plant  facilities,  and  transmis- 
sion Unes.'Worldwtde,  over  the  1977-2000  period, 
approximately  100,000  million  tons  of  coal  can  be 
eicpected  to  be  mined,  reaching  the  rate  of  several 
thousand  million  tons  per  year  by  2060.  Strip- 
mined  land  would  total  tens  of  thousands  of 
square  kilometers,  and  subsidence  would  affect 
an  additional  tens  of  thousands  of  square  kilo- 
meters. Land  for  more  fhm  1,000  coal-fired 
power  plants  would  be  needed.  Additional  trans- 
mission lines  would  require  many  tens  of  thou- 
sands of  square  kilometers.  Much  of  the  affected 
land  would  ht  in  the  United  States  and  Eastern 
Europe. 

The  atmospheric  impacts  would  include  signif- 
icant increases  in  combustion  residuals — particn- 
lates»  heavy  metals,  carbon  monoxide,  nitrogen 
oxides^  and  sulfur  oxides.  Emissions  of  most  of 
these  residuals  would  depend  on  the  control  meas- 
ures applied,  but  no  economicSally  practical  tech- 
nology is  available  to  control  Ihe  release  of  oxides 
of  nta'^en. 

The  aquatic*impacts  of  increased  coal  combus- 
tion include  thermal  discharges,  increased  con- 
sumptive uses,  and  acid  drainage.  Once-through 
cooling  kills  many  small  organisms  and  young  fish ,  « 
causes  damaging  variations  in  water  temperatures 
and  reduces  dissolved  oxygen  concentrations. 
Evaporative  cooling  towers  are  projected  to  cause 
the  UA:ond  largest  increase  in  consumptive  use  of 
water,  and  in  piuls  of  water-scarce  Europe,  water 
for  cooling  towers  may  be  subject  to  limiting  con- 
straints until  other  needs  have  been  met.  In  the 


U.S. ,  wat/er  for  coal  processing  and  the  production 
of  synthetic  fuels  may  pose  coiistraints  in  the  arid 
West.  Increased  deep- and  surface-mining  could 
easily  lead  to  much  water  pollution  in^he  CTs.  y 
and  Europe,  especially  with  sik  and  acid.  The 
U.S.  has  recently  passed  strip-mining  legislation, 
but  it  remains  to  be  seen  how  effectively  the  leg- 
islation en  be  enforced. 

Increa^d  emissions  of  oxides  of  nitrogen  and 
sulfur  will  aggravate  another  aquatic  effect  qf  in- 
creased coal  combustion — the  acidification  of 
rain.  Acid  rain  is  already  a  problem  not  only  for 
northeastern  Europe  aad  the  U.S.  but  also  for 
neighboring  states.  Weather  patterns  carry  the 
emissions  and  contaminated  water  vapor  nonfipf 
the  industrial  centers  in  northern  Europe  and  the 
northeastern  U.S.  Thousands  of  lakes  and  streams 
in  u)uthem  Sweden  and  Norway,  in  the  U.S. 
Adirondacks,  and  in  adjacent  areas  in  Canada  * 
have  been  damaged — perhaps  irreparably — by 
acid  rain.  These  waters  normally  yield  abundam 
arctic  char,  salmon,  and  trout,  but  are  losing  much 
of  their  aquatic  life  as  the  acidity  increases.  Lower 
forms  of  aquatic  life  and  juvenile  life  forms  are 
extinguished  by  the  excessive  acidity  caused  by 
the  rain.  Evidence  has  now  been  presented  sug- 
""gesting  that  the  emissions  that  cause  acid  rain  may 
travel  more  than  10,000  kilometers  to  contribute 
to  atmospheric  haze  in  the  Arctic.^  The  shift  to 
more  coat  use  will  aggravate  future  acid  rain  prob- 
lems. 

Industrialized  Regions  Turning  to  Nuclear  Power. 
Neither  Western  Europe  no:  Japan  have  large 
coal  resources  and  may,  as  a  result,  turn  increas- 
ingly to  nuclear  power  in  the  decades  ahead.  A 
shift  toward  nuclear  power  would  bring  its  own 
nvironmental  impacts,  starting  with  the  mining 
of  uranium.  In  addition  to  the  land  disturbed, 
thousancs  of  millions  of  tons  of  radioactive  tail- 
ings will  result  from  supplying  uranium  for  the 
world  over  the  1977-2000  period. 

The  nuclear  plants  and  transmission  lines  them- 
selves require  large  amounts  of  land.  The  pro- 
jejcted  226  percent  increase  in  nuclear  and 
hydroelectric  generation  by  1990  (most  ol  it  nu- 
clear) wHI  require  hundreds  of  additional  nuclear 
power  plants.  By  the  year  2000,  the  spent  nuclear 
fuel  will  accumulate  in  amounts  n^^asured  in 
hundreds  of  thousands  of  tons.  There  will  also  be 
more  than  10  million  cubic  meters  of  low-level 
wastes  that  will  have  to  be  stored  somewhere.  In 
view  of  local  opposition  to  locating  such  plants  in 
many  areas  and  of  even  more  widespread  oppo- 
sition to  storing  radioactive  wastes  in  most  local- 
ities, it:  is  not  at  all  clear  where  these  plants  will 
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be  located  or  where  th-  radioactive  materials  will 
eventually  be  stored. 

The  reactor  accident  and  its  aftermath  at  Three 
Mile  Island,  Pennsylvania,  in  March  and  April 
1979,  dramatized  the  hazards  of  nuclear  power. 
Subsequent  reviews  and  investigations  are  sharp- 
ening the  basis  for  assessing  and  reducing  the  risks 
of  nuclear  power,  but  it  is  now.  virtually  certain — 
at  leut  in  the  United  States— that  the.  develop* 
mei^t  of  nuclear  power  will  be  delayed.  It  will  be 
mo^e  closely  regulated  and,  as  a  result,  will  be- 
coi|ie  more  expensive. 

tuelwaod  Shortages  in  the  LDCs.  By  1994, 
there  will  be  a  630  million  cubic  meter  shortfall 
m  fuelwood  in  the  LDCs,  according  to  the  FQbd 
ajnd  Agriculture  Organization.  Thi?  shortfall  is 
about  one-half  the  prestnt  fuelwood  consumption 
in  LDCs  and  would  furnish  the  cooking  and  heat- 
ing needs  of  approximately  650  million  persons. 
Today,  by  comparison,  an  estimated  l.S  billion 
persons  warm  themselves  and  cook  with  wood. 
The  numbers  will  surely  increase  as  long  as  the 
price  of  alternative  fuels  continues  to  increase 
more  rapidly  than  income. 

The  fuelwood  shortage  will  be  felt  throughout 
the  world,  especially  in  the  semiarid  t  regions. 
Thfiie  same  semiarid  regions  are  threatened  by 
desertification,  and  of  coVirse  fuelwood  exploita- 
tion of  the  slow-growing  trees  in  open  woodlands 
and  *'bush'*  of  Africa  and  Asia  is  one  of  the  pri- 
mary causes  of  desertification.  Fuelwood  short- 
ages will  also  affect  the  populations  of  high 
mountains  in  LDCs  where  tree  growth  is  slow  and 
human  numbers  are  high— the  Himalayas,  the 
Hindu  Kush  range,1he  Andes  of  South  America, 
and  other,  lesser  massifs. 

Statistical  data  on  the  open  woodlands  of  the 
world  and  the  wood]^  vegetation  of  semiarid  re- 
gions are  limited,  but  it  .s  known  that  approxi- 
mately SO  percent  ^f  the  world's  total  open 
woodlands  are  in  Africa  and  12  percent  in  South 
America.  The  fuelwood  crisis  has  already  afflicted 
Africa  seriously  and  shows  no  sign  of  easing  soon. 
Firewood  and  charcoal  production  account  for  90 
percent  of  the  total  forest  exploitation  on  that 
continent.  In  the  Sahel,  the  present  rate  of  refor- 
estation, an  inconsequential  3,000  hectares  per 
year,  is  far,  far  below  the  150,000  hectares  that 
needs  to  be  planted  there  each  year  if  future  de- 
mands are  to  be  met.  . 

To  reverse  the  fuelwood  shortl^ge  trend,  truly 
dramatic  increases  in  the  establishment  of  fuel- 
wood  plantations  will  have  to  be  made  worldwide. 
If  the  trend  is  not  reversed,  all  other  vegetation 
(and  dung  as  well)  wilf  be  used'  for  fuel  in  the 


affected  areas,  as  is  already  the  case  in  parts  of 
India,  Nepal,  Sahelian  Africa,  and  South  Amer- 
ica. Most  of  the  people  living  in  semiarid  zones 
threatened  by  desertification  are  pastoralists  and 
herdsmen,  and  the^resulting  disappearance  of  sbil 
organic  matter  will  havi. disastrous  effects  on  their 
ability  to  feed  themselves  and  their  animals.  The 
carrying  capacity  of  the  land  will  decline  as  soils 
lose  the  fertility  and  water-holding  capacity  pro- 
vided by  organic  master.  Outmigration  or  star- 
vation (or  both)  will  accompany  this  scenario  of 
land  degradation.  As  many  as  600  million jiebple 
now  living  in  the  zones  threatened  by  d^rtifi- 
cation  would  cause  (and  would  ultimately  be  vic- 
timized by)  this  process.  ^ 

Pollution  of  Regional  Seas.  Many  regional  se^s, 
or  gulfs  with  relatively  poor  circulation,  are  suf- 
fering from  land-based  pollution  introduced  b^ 
rivers  or  directly  by  sewage  pipes  from  cities  and 
industrial  sites.  The  Mediterranean  Sea,  the  Per- 
sian Gulf,  and  the  Caspian  Sea  exemplify  this 
problem.  ^ 

The  threat  to  the  Pen^ian  Guff  is  growing  rap- 
idly.  Sixty  percent  of  all  the  oil  carried  by  ships 
throughout  the  worid  moves  through  the  shallow 
Persian  Gulf.  There  are  20  existihg  or  planned 
major  industrial  centers  along  the  coast,  '^eavy 
pollution  of  the  Persian  Gulf  as  well  as  th  vled- 
itenanean  has  resulted  in  international,  antipol- 
lution agreements  and  action  plans,  sponsored  by 
the  United  Nations  Environment  Program.  These 
plans,  a  first  step  toward  cleanup,  are  also  in- 
tended to  prevent  further  deterioration  and  to  im- 
prove documentation  concerning  pollution  levels 
and  the  resources  affected. 

Transnational  River  Basin  Development.  Of  ♦he 
worid*s  200  large  rivers,  148  arc  shared  b'  two 
states  and  52  by  ,3^10  countries  each.  Examples 
include  the  Nile,  shared  by  Ethiopia,  Uganda, 
Sudan,  and  Egypt;  the  Idwer  Mekong  River, 
shared  by  Laos.  Thailand,  Vietnam,  and  Cam- 
bodia; the  Plata,  shared  by  Brazil,  Bolivia,  Uru- 
guay, Paraguay,  and  Argentina;  and  the'  Ganges 
shared  by  Nepal,  India, ^nd^Bangladesh. 

Large-scale  development  in  transnational  river 
basins  often  have  environmental  impacts  that  ex- 
tend across  national  borders.  Difficult  political 
problems  of  international  equity  result  from  the 
ecological  and  socioeconomic  impacts  that  follow 
from  urgently  needed  dams  and  by  flood-control, 
drainage,  and  irrigation  projects.  Downstream 
states  may  experience  costs  while  upstream  states 
enjoy  the  benefits.  Reduced  flows,  sudden  changes 
in  flows  (related  to  generation  of  peak  power), 


dtsloaitioii  of  populatioiis  from  reservoir  sites, 
water*reUted  diseases  (such  as  malaria  and  sdus- 

V,  tosomiasis)  aasodated  with  man-made  lakes  and 
irrigation  (Mrojects,  and  water  quality  problems 
resulting  from  agricultural  runoff— til  are  prob- 
lems of  river  devek^ent  with  the  potential  to 
stir  up  international  conflicts.  Riven,  sudi  as  the 
Eupimites  and  the  Jordan,  running  through  water- 

f  short  regions  will  esp^^ly  susceptiMe  to  de: 
velopmeiit  conflicts. 

The  LDCs  in  particular  will  have  to  gran>le 
with  these  difficult  problems,  since  their  hydroe- 
lectric power  generating  potential  is  relatively 
undeveloped.  Incteased  petroleum  prices  have 
greatly  enhanced  the  economics  of  hydrc  electric 
power  in  the  LDCs,  and  the  need%f6r  flood  con- 
trol and  increased  irrigation  (assumed  in  the  food 
projecnons)  are  similarly  compelling. 

,  Wet  Tropical  Regions.  Forty  percent  of  the  re- 
maining 1,680  million  hectares  of  "closed"  trop- 
ical forest  will  have  been  destroyed  by  2000, 
according  to  the  forestry  projections  in  Qiapter 
^  8.  Much  or  most  of  this  destruction  wjll  occur  in 
the  Amazon  Basin,  in  the  Indonesian  territories 
of  Sumatra,  Kalimaift|m,  and  We^  Irian,  and  in 
Papua  Ni^  Guniea.  ^uatprial  Africa's  siftall 
amount  of  dosed  tromcal  forest  (approximately 
40  miUipn  hectares)  m^l  be  all  but  gone  by  2000. 
Increases  in  firewood  gathering,  sUfting  agricul- 

•  ture,  permanent  agriculture,  and  industrial  for- 
estry will  all  contribute  to  this  destruction  of  the 
world's  tropical  foresu. 

The  fate  of  these  deforested  areas  remains  in 
doubt.  The  intensification  of  shifting  agriculture 
through  shortened  fallow  periods  will  degrade 
large  areas  or  force  their  conversion  to  grazing 
land.  Relatively  little  of  the  forested  land  is  prcb 
jected  to  have  been  converted  to  permanent  ag- 
riculture. Portions  may  succumb  to  laterization 
while  other  areas  will  be  invaded  by  cogon  grass 
(Imp4rata  cylindrica)  or  other  vigorous  weed  spe- ' 
cies  tl)at  wilt  be  virtually  impossible  to  exclude  as 
soil  fertility  decUnes.  Regions  with  ahnost  sterile 
>oils  will  become  useless.,  tovered  with  gran  too 
coarse  for  cattle.  This  case  is  exempiihed  1^  the 
quartzite  sands  of  the  Gran  Sabana  regions  of 

^  Venezuela,  once  forested  by  broadleafed  trees, 
now  cover^  only  by  short  gran.  There  has  beeu 
no  natural  regeneration  of  the  trees,  ^rge  areas 
will  be  degn^  fbr^l^'devoid  of  oommerdally 
valuable  species— but  will  still  be  heavily  vege- 
tated. 

In  addition  to  the  loss  of  productivity,  defores- 
tation of  these  humid  regions  will  render  extinct 
as  mudi  jm  one-half  of  their  genetic  heritage,  rep- 
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resenting  anywhere  from  373,000  species  to  well 
over  a  mimn.  The  loss  is  incalcuable  since  most 
of  the  tropical  gene  pool  has  not  been  identified 
and  studied,  but  if  the  wet  tropics  contain  one- 
third  of  the  worid's  species,  scientists  have  es- 
timated, the  projected  losses  will  be  truly  mo- 
mentous. 

DsterioraliM  of  Urban  EnvtaromeQtii 

A  general  worsening  of  urban  environments  in 
the  less  developed  countries  is  a  virtual  certainty, 
with  population  growth  and  poverty  as  the  most 
important  factms.  As  illustrated  in  Table  13-48, 
thepopulationofLDC  cities  IS  projected  to  grow  . 
at  the  extraordinary  rate  of  4.3  percent  per  yeaf , 
ahnost  tripUng  oyer  the  1975-2000  period.  Of  the 
2.2  billion  total  worid  increase  in  population  be- 
tween 4975  and  2000,  almost  half--930  million 
fukhtional  persons-Hvill  live  in  LDC  cities.  ,The 
increase  in' LDC  urban  ixipulations  is  projected 
to  be  larger  than  the  entire  1975  urban  population 
of  the  world.  Although  LDC  economic  growth  is 
expected  to  be.  concentrated  in  urban  areas,  it  is 
*  doubtful  that  UDC  cities  will  have  the  resources 
necessary  to  keep  pace  with  the  increasing  needs 
for  public  services  and  facilities. 

To  keep  pace  with  fhe  projected  increases  in  « 
needs  during  the  next  two  decades,  LDC  cities 
would  have  to  essentially  triple  all  of  the  facilities 
services  that  have  been  built  up  over  the  past 
centuries.  The  chances  of  thb  happening  are  un- 
likely at  best.  Water  supplies  and  saniution  serv- 
ices ita  most  LDC  cities  and  surrounding  slums  arr 
already  being  rendered  obsole^  by  rapid  popu- 
lation influxes.  Almostyl,5  biUior  persons  in 
LDCsr^<nofe  than  one-fliird  of  the  world's  total 
populatiosi— presently  lack  safe  water  and  waste 
disposal  frKalities.  LDC  cities  WUI  also  be  hard 
pressed  to  provide  food  and  the  sanitary  oondi- 
ticms  tor  safe  food  distribution.  Most  LDC  cities 
have  only  very  limited  sewagit  systems,  or  none 
at  all.  Noise,  congestion,  and  air  pc  Hution  are  as 
bad— or  worse— in  many  LDC  cities  as  they  are 

in  industrialized  nation  cities.  Infant  mortality 

« 

TABLE  1}^ 
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continuef  to  be  high  in  LDC  urbah  slums  and 
uiicon£roUe4  settlements  partly  becnuse  of  dis- 
eases (such  as  diarrhea)  related  to  poor  sanitation 
and  .contaminated  water  and  because  of  inade- 
quate diets*  which  increase  susceptibility  to  dis- 
eases.  Already  most  of  the  3S,C00  infants  and 
children  under  the  £ge  of  S  ^i^K^  die  throughout 
the  worid  each  day  were  borifand  died  in  the 
LDCs,  ind  the  proportion  is  likely  to  increase  in 
the  years  ahead. 

Urban  populations  in  industrialized  countries 
are  also  projected  to  increase  over  the  next  two 
decades,  but  at  a  relatively  manageably  1.6  per- 
cent per  year.  However,  even  this  growth  i^ate 
leads  to  a  SO  percent  increase  over  the  1975-2000 
period. 

4^  Urban  areas  in  industrialized  countries  are 
^  likely  to  .be  most  adversely*  affected  by  deterio- 
rating air  quality  resulting  from  a  large  increase 
in  coal  connbustion  and  from  the  possibility  that 
some  nationi  will  relax  emission  standards  so  as 
to  reduce  the  economic  costs  of  emission  control. 
W)iile  national  energy  plans  are  by  no  means  firm, 
and  while  the  energy  projections  anticipate  only 

«  ^  a  modest  13  percent  increase  in  coal  combustion 
by  1990^  many  observers  Anticipate  large  in- 
creases. The  health  and  environmental  conse- 
quence of  an  increased  use  of  coal  will  be 
determined  by  the  stringency  of  environmental 
controls.  If  there,  is  no.  change  of  pi^^icy  (the 
Global  2000  Study's  standard  assumption)  enfis- 
V/  skms  can  be  expected  to  begin  incret^ing  in  at 
least  some  parts  of  the  world.  In  the 'U.S.,  for 
example,  armiddle-range^nergy  scenario  devel- 
oped by  the  Department  of  Energy  shows  sulfur 
oxide  emissions  decreasing  through  19^  but  in-  ^ 
^  creasing  thereafter  as  a  result  of  increased  coal 
combustion  and  the  slow  retirement  of  old  power 
plants.  Similar  trends  can  be  expected  elsewhere. 
In  fact*  in  some  areas  there  may  eVen  be  efforts 
to  relax  present  emi^ion  standards  because  of  the 
economic  costs  entailed.  | 

However,  the  human  health  consequences  of 
exposure  to  air  pollutants  may  be  more  serious 
in  LDC  cities  than  in  the  cities  of  industrialized 
nationiisElQisttons  from  increased  coal  Combus- 
tion in  LDC  cities  are  not  likely  to  be  tightly  reg- 
ulated, and  some  highly  polluting  industries 
(indujding  sonte  emitting  toxic  substances)  are 
avotdmg  regulations  in  industrialized  nations  by 
locatinf  plants  in  LDCs,  where  there  are  far  fewer 
.  regulations.^  Furthermore,  the  health  impacts 
of  air  poUutanU  in  LDC  cities  are  likely  to  be 
complicated  espedallyjn  the  poorer  sections-- 
by  poverty,  disease,  ano  poor  nutritibn. 


AmimptioQs,  Discrepancies,  and 
Feedbadi 

With  completion  of  the  description  of  the  future 
world  environment  as  it  is  implied  by  the 'popu- 
lation, GNP,  and  resource  projections  of  Global 
2000,  the  shift  can  now  be  made  to  an  examination 
of  the  effect  the  enyironmenl  will  have  on  thes^ 
population,  GNP,  and  resource  projections.  As 
illustrated  in  Figure  13-1  earlier  in  this  chapter, 
this  is  the  point  at  which,  the  closing  of  the  feed- 
back loops  can  begin.  As  already  noted,  the  loops 
cannot  actually  be  closed  analytically  here,  but 
the  implications  of  the  lack  of  closure  can  be  ana- 
lyzed to  a  degree.  The  basic  process  to  be  used 
is  (1)  to  identify  the  environmental  usumptions, 
both  implicit  and  explicit,  that  were^m^^ue  in  de- 
veloping the  population,  QNP,  and  resource  pro- 
jections, (2)  to  compare  these  assumptions  wth 
the  future  worid  environment  (terrestrial,  atmos- 
pheric, and  aquatic),  as  treated  in  the  preceding  - 
section  Imd  in  tabic  13-46,  (3)  to  note  the  dif- 
ferences (discrepancies)  between  the  assumptions 
and  tlie  environmental  perspective,  and  (4)  to 
consider  how  these  discrepancies  would  feed  back 
to  and  alter  the  population,  GNP,  and  resource 
projections. 

The  actual  tracing  through  of  the  assumptions, 
discrepancies,  and  effects  becomes  quite  compli- 
cated because  of  the  number  of  feedback  loops 
involved.  The  two  loops  shown  in  Figure  13-1 
linking  back  to  the  two  driving-force  projections 
.(population,  and  GNP)  and  the  resource  projec-v 
tidns  are  highly  simplified  representations  of  the 
myriad  ways  the  environment  influences  the  pros- 
pects for  future  developments  in  populations, 
GNP,  and  resources.  Analysis  of  these  influences 
on  the  populatio/l  and  GNP  ptnjections  is  partic- 
ularly complex  because  muny  of  the  environmen-  ^ 
tal  influences  from  these  pn» jections  come  indirectly 
through  the  resource  projections. 

As  an  aid  to  systematic  discussion  of  these  many 
influences,.  Figure  13-21  presents  a  conceptual 
model  9f  the  maior  feedbacks  linking  the  envi- 
ronmental proje^ions  back  t9  the  other  projec- 
tions. This  conceptual^  model  underlief  the 
diacussibn  ^at  follows.  The  Global  2000  pop>{- 
lation,  GNP,  and  resource  projections  imply  a 
future  world  environment  (summarized  in  Table 
13-46).  When  this  world  environment  is  com- 
pared with  the  assumptions  that  are  inherent  in 
the  population,  GNP,  and  resource  projectiors» 
a  number  of  significant  discrepancies  appear.  The 
discrepancies  generally  result  from  unrealistic  }ui- 
sumptions  in  the  populaiion,  GNP,  anc*  resource 
projections  about  the  ability  of  the  environment  ^ 
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Fifwe  IMI.  Conceptual  model  for  cloiiiig  the  \oop$. 


to  supply  increased  goods  anc  services.  The  ef- 
fects of  the  discrepancies  are  traced  through  the 
environment  to  consequences  which  feed  back  to 
human  health  and  the  economic  sectors.  The  col* 
lective  coifsequences  are  subsequently  traced  on 
through  the  human  heakh  and  the  economic  sec- 
tors for  their  secondar^^^cpiTsequences  and  their 
feedback  to  the  GNP  and  demographic  ^v^tc^'^ 
tions.  The  discussion  of  the  feedback  to  the*  eco- 
nomic sectors  includes  illustrative  economic  impacts 
that  are  referred  to  later  in  the  discussion  of  feed- 
backs to  GNP. 

Developments  in  the  environment  have  vir- 
tually no  direci^tct  on  the  mineral  and  energy 
lectors  of  indAmiized  economies.  (Fuel  and 
nonfuel  deposiw^d  mining  oj[)etations  are  not 
affected  directly  b]L  for  example,  water  pollution, 
air  pollution,  and  species  extinctions.)  However, 
there  are  significant  indirect  effects.  These  indi- 
rect effects  arise  largely  through  human  health 
^e'ffocts  and  low-probability  high-impact  events 
that  lead  (through  human  institutions)  to  tighter 


environmental  (and  safety  and  health)  f6guiat:on 
of  the  mineral  and  energy^sectors.  ( 

The  effects  of  the  discrepancies  that  feed  back 
onto  human  health  and^he  economic  sectors  are 
disaggregated  into  two  categories  in  Figure  13- 
21:  effects  from  the  ''economic"  and  effects  from 
the  ''noneconomic"  parts  of  the  environment.  The 
distinction  is  between  those, aspects  of  the  envi- 
ronment on  which  markets  place  economic  value 
(e.g.,  land,  water,  forests,  fish  stocks)  and  those 
aspects  of  ihe  environment  on  which  markets 
place  relatively  little— or  no— economic  value 
(e.g.,  population  of  insect  predators,  pollinating 
insects,  decomposer  organisms,  and'nitrogen*fix- 
ing  bacteria;  spawning  h<ibits;  and  a  variety  of 
biological  and  ecological  processes,, such  as  the 
annual  flpoding  or  di^ng  cycles  that  trigger  re- 
productive behavior  in  fish  and  other  species). 
This  distinction  is  made  to  emphasize  a  point 
made  years  agp  by  Aldo  Leopold,  namely,  ^.hat 
one  cannot  expect  t|^e  ''economic"  parts  ox  the 
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TABLE  13^$  ^ 
Eaviromnenui  Astumptions  Inherent  in  the  Population,  GNP,  .nd  ResUce  Projections 

Populnion  poiMilalion  projections  •nlicip.ie  decBhes  in  fert.li.y  tnd  mortility.  partly  because 

of  an  ««ump»ion  thai  eilVironm«nlal  condi.ion.  affecilng  human  populaUiiS^i^ll  iSi 
.      TfT'^l  'f'Z  -nie  l«ck  of  eon,Ktera.iSn  of  m.v^ 

.mptoUy  (hat  differences  .n  environmental  conditions  will  not  lead  to  ugHl^iZi^lZ:. 
Vk  GNPjprojections  make  no.  explicit  environmental  assumptions.  ImpliciUy  however 
hey  assume  that  over  the  next  two  decides  the  environment  will  supply  J^  LTit^ 
Srl^Jtl'^  '-"^  "^'^  .nd'^th^r^.lSI^^ 

The  food  and  agriculture  projections  take  into  account  losses  of  arable  land  due  to  ur- 
b.n«.tH>n  .„d  mumj  (l^that  other  losses  and  deterioration  of  soil  will  omir  «  ab^t 
he  same  nit  as  in  the  past  (2)  that  losses  of  soi'  «k1  soil  fertility  c«,  be  maTup  thS 

(3)  that  losses  to  intects  and  plant  diseases  will  not  increase  significantly 
TTie  forestry  projections  Msume  that  the  adverse  effecU  of  deforestation  and  forest  mm- 
oMication  wiH  not  reduce  the  rapid  rate  of  large  amounts  of  deforestation  especially  in 
the  tropics^  -nie  projections  assume,  further,  that  serious  deteriorption  of  soilii^  follow 
muchof  the'amiapaled  deforestation  but  th-t  there  is  potential  for  aprty^SnmS 
of'S^eL  '  °'  "^'^  |rowinVsp.aes«H)!Kbly 

•The  water  projections  do  not  sperfically  address  environmental  developments  that  may 

S iT  ^n  H  "If  ''i"'""-  '""•"f  '""'"'"y  '"vironmemal  development^ 
will  not  significantly.  »lter  future  water  supplies.  *^ 

Il!,iIIfi"'"«''lT.I'^"'  ,I"'' °'  ^  uHimately.  if  continued 

adversely  affect  fishsiocks  and  catches  but  signiHcant  effects 'are  not  expected  bv  2000'.' 

It^i  IZlfHJ^^'^*  "If '"V"?""^"''"  wumptions  and  assume  implicitly 
HiaienvironmentaT  considerations  and  regulations  will  not  interfere  with  achieving  the  56 
percent  increase  in  the  use  of  fossil  fuel  rnd  nuclear  energy  projected  for  1990  The 
Zn^r"  'n  the  cost  of  pollution 

The  minerals  projections  include  no  explicit  environmental  assumptioAs  ancf  assume^L- 
pliptly  that  the  environmental  implications  of  mining  and  refining  will  not  lead  to  father  • 
regulation  and  increased  costs,  and  that  lands  now  containing  mineral  resources  or  merZ 
Txpl^ltfon''""  **"  unavailable  for 


Food  and  agriculture 


Forestry 


Water 


Manne 
Energy 


Minerals 


-)  environment  to  function  without  the  **nonecon- 
^     omic"  parts. 

The  environmental  assamptions  inherent  in  the 
population,  GNP  antf  resource  projections  are 
summafcfjl  in  Table  13-49.  With  few  exceptions, 
the  mo^ls  d6  not  have  provisions  for  explicit  en- 
vironmental assumptions,  and  as  a  result,  the  en- 
y  ^yironmental  assumptions  tend  to  be  implicit  and, 
in  seme  cases,  quite  vague. 

Before  discussing  the  assumptions  of  the  indi- 
vidual projections,  a  point  concerning  time  lags 
must  be  stressed.,  The  population,  GNP,  and  re- 
source projections  imply  a  number  of  environ- 
mental impacts  that' will  not  nearly  have  ruathcir 
courses  by  2000,  The  contimied  flow  of  long-lived, 
toxic organochlorines (e.g.,  PCBs  and  DDT)  into 
^  the  ^'  >rld*s  oceans  is  but  one  example.  In  these 
cases,  time  lags  occur  between  the  causal  action 
(the  developments  implied  by  the  population, 
'  GNP,  and  resource  projections)  and  the  ultimate 
feedback,  through  the  environment,  back  to  the 
projection. 


In  many  cases  (such  as  soil  deterioration,  spe- 
cies extinctions,  and  CO,  accumulations)  the  pro- 
jections lead  to  environmental  feedbacTks  that  will^ 
not  have  produced  their  total  effect  liiltil  well  be- 
yond 2000t  ^  ^ 

Feedback  to  the  Forestry  Projectioiis 

Of  all  the  resource  projections,  the  forestry 
projections  may  have  the  most  significance  for  the 
future  world  environment.  Feed^^ack  to  these  pro- 
jeotions  is  therefore  taken  up  first: 

The  forestry  projections  are  based  on  only  a 
few  environmental^ssumptions:  (1)  that  the  lid- 
verse  effects  of  deforestation  will  not  lead  to  reg- 
ulation and  control  of  deforestation,  especially  in 
the  tropics;  (2)  that  serious  deterioration  of  soils 
will  follow  much  of  tl|L  anticipated  deforestation  • 
Mi  the  tropics;  and  (3)  that  in  most  o{  the  areas 
to  be  deforested  there  is  potential  for  intensive 
methods  of  silviculture^  using  fast-growing  species 
and,,  possibly,  fertilizers.  The  projections  them- 
selves, being  extrapolations  of  historic  trends,  as- 
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sume  that  the  18-20''million  hectare  annual  net 
<)eforestation  rate  will  remain  constant  despite 
growth  in  population  and  economic  activity. 

There  are  relatively  few  discrepancies  between 
the  environmental  assumptions  underlying^  the 
forestry  projections  and  the  future  world  envi- 
^_CQnment  implied  by  all  of  ♦He  projections.  Serious 
soit"idetenoration  is  expected.  In  some  tropical 
areas  there  may  be  potential  for  intensive  silvi- 
cultural  methods  with  pesticides,  fertilizers,  and 
fast-groWing  species.  However,  this  potential  cer- 
tainly does  not  extend  to  all  of  theweas  expected 
to  be  deforested,  and  where'  the  potential  does 
exist,  it  will  be  redOked  by  the  extinction  of  bijth 
locally  adapted,  fast -growing  tree  species  and  in- 
sect predators,  especially  birds  and  predatory  in- 
sects. 

»  The  environment  projections  summarized  in 
Table  13-46  imply  a  signific^pt  increase  in  the 
acidity  and  extent  of  acid  rain.  This  development 
may  reduce  forest  growth  in  some  areas^^  espe- 
cially iff  northern  Europe,  the  northeastern  U.S.,^ 
southern  Canada,  and  parts  of  ^he  U.S.S.R. 
Acidifitation  of  soil  may  also  dccur  over  a  period 
of  years.  The  acid  rain  phenomena  will  probably 
reduce  rates  of  growth  and  jjKfrease  the  difficulty 
of  reforestation  efforts.   «  ' 

The  environment  projections  also  imply  that 
significant  forest  areas  rail  be  inundated  by  water 
development  projects.  For  the  most  part  the  af- 
fected areas  will  be  deforested  before*  flooding; 
so  the  primary  effect  on  the  forestry  projections 
would  be  to  reduce  the  area  available  for  refor- 
estation. 

The  most  significant  environmental  assumption 
in  the  forestry  projections  is  that  the  adverse  ef- 
fects of  deforestation  will  not  lead  to  regulation 
and  control.  The  adverse  effects  of  deforesta- 
tion— deterioration  of  soils  (permanent  in  some 
cases),  the  extinction  of  hundred^ of  thousands 
of  species,  the  destabilization  of  hydrologic  flows, 
the  increase  in  atmospheric  carbon  dioxide  (COj), 
the  loss  of  Jarge  amounts  of  COj-absorbing  veg- 
etation— are  ati  of  such  significance  as  to  raise  the  ' 
possibility  of  a  major  change  Jn  forest  policy^ 
throughout  the  world,  especially  in  the  LDCs. 
Although  there  are  some  small  encouraging  signs 
in  individual  countriesias  noted  in  Chapter  8  and 
in  the  forestry  section  this  chapter),  large,  rap- 
idly growing  populations  of  the  rural  poor  in  many 
LDCs  make  careful  management  of  forests  for 
timber  production  and  other  uses  increasingly  dif- 
ft<l^.«Die  forests  of  mountain  regions,  so' essen- 
tial to  <9)ir  protection  and  Qftnoff  control,  are 
particularly  ^nds^igercd  by  encroaching. popula- 
tions of  land*hungry  rural  poor.  The  slow-growing 


trees  of  the  open  forests  of  the  world's  arid  lands 
are  similarly  vulnerable  to  expanding  rural  pop/ 
ulations  and  their  needs*  for  wood  for  fuel  and 
construction.  And  finally,  it  must  be  remembered 
that  the  forestry  projections  assume  that  the  net 
rate  of  d'tfor^station  will  not  increase  with  in- 
creasing populations. 

All  things  considered,  the  environmental  as- 
sumptions underlying  the  fbrestry  projections  are 
g^ncr^ly  consistent  with  the  environment  projec- 
tibns,  and  environmental  feedback  is  not  likely  to 
alter  the  forestry  projections  significantly.  If  any- 
thing (as  the  forestry  projections  also  conclude), 
the  anticipated  loss  of  only  one-fifth  of  the  world's 
remaining  forests  over  th^  next  two  decades  **rep- 
resents  a  mildly  optimistic  scenario.'' 

Feedback  to  the  Water  Projections 

As  noted^n  the  water  projections  meaningful 
statements  describing  water  supply  can  be  made 
only  for  relatively  small  areas,  and  then  only  after 
detailed  on-site  investigations  of  the  water  re- 
sources available.  Unfortunately,  data  are  not 
fortncoming  for  assessing  global  water  resources 
and  their  future  on  an  area  by  area  basis,  and  as 
a  res|ilt  the  water  projections  are  presented  on 
the  basis  of  national  and  world  averages^. 

The  averaging  process  vastly  overstates  avail- 
able water  resources.  Virtually  every  area  as  large 
as  a  nation  has  areas  v/ith  substantial  surpluses  of 
water  as  well  as  ar#as  of  water  shortage.  The  U.S. 
is  an  example.  The  Pacific  Northwest  as  a  region 
has  ample — even  surplus— water,  whereas  the 
Si)uthwest  has  severe  water  limifations.  The  ag- 
gfeeation  of  the  water  resources  of  these  two  re- 
gtohsinto  average  figures  for  the  U.S.  implicitly 
assumes  that  water  from  surplus  areas  can  t>e 
made  available  to  water-limited  areas.  In  reality, 
however,  surplus  water  throughout  the  world  goes 
j4Dused.  So^ne  of  it  will  continue  to  go  unused 
unless  large  numbers  of  very  large,  very  expensive 
hydriulic  works  are  constructed.  .Some  of*  it  will  • 
remain  unused  because  of  the  energy  ard  eco- 
nomic costs  of^iog  water  Qonsiderable  heights, 
'^e  projections  focu&^tflfes  of  rep'lenishment 
of  water  resources.  Tne  rates  dt  replenishment 
are  assumed  to  be  measured  approximately  by  the 
tbtal  surface  drainage  from  an  area.  This  assump- 
tion overestitnates  water  resource  replenishment 
in  some  areas  and  underestimates  it  in  others.  The 
assumption  overestimates  replenishment  in  areas 
drawing  on  fossil  waters  because  here  the  replen- 
ishment is  essentially  j^tio.  In  other'areas  the  as- 
sumption underestimates  replenishment  (or  at 
least  the  aVatMntfty  of  water  of  altefed  quality) 
because  it  neglects  reuse  possibilities. 
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The  projections  address  both  withdrawals  of 
water  (water  that  is  potentially  available  for,^ 
reuse)  and  consumptive  use  of  water  (largely 
evaporative  uses  thai:;J)reclude  reuse)  but^^lo  not 
consider  in-stream  uses.  Issues  relating  to  trans- 
portation, aquatic  habitatfT,  water  as  an  energy 
resource,  floou-plain  agriculture,  and  water  qual- 
ity are  not  considered.  *  /•  ' 

In  addition  to  the  assumptions  and  emphases 
mentioned  above,  the  watfer  resource  projections 
are  based  on  several  other  important  assumptions.^ 
The  projections  assume  that  an  approximate  50 
percent  increase  in  world  population  and  a  146 
.  percent  increase  in  economic  activities  will  roughly 
double  the  demaffd  for  water  in  nearly  haif  of  the 
countries  of  the  world  by  the  year'  2000.  They  ' 
recognize  that  arid  regions  will  experience  water 
shortages  long  before  2000  but  do  not  address  the 
shortages  that  will  be  entailed  by  the  need  to  pre- 
serve river  flows  for  carrying  away  wastfes.  Exist- 
ing water  quality  problems  for  irrigation  (i.ersalt) 
and  potable  water  supplies  (pathogens  and  toxic 
substances)  are  noted  but  are  not  related^quan- 
li!ativcly  to  the  water  shortages  already  occurring 
in  many  localit  j^u.  The  projections  set  forth  var- 
ious ways  to'  deal  with  water  shortages:  augmen- 
tation of  supplies  (storage  and  reuse),  reduction 
of  water  use  (pricing  policy,  regulation,  techno- 
logical innovation),  and  allocation.  Tlie  influence 
of  possible  climate  changes  and  of  anticipated 
land-use  changes  on  suppljes^re  not  considered. 
Interrelationships  between  water  quality  and  flow 
on  the  one  band  and  the  living  resources  of 
streams,  lakes,  and  the  oceans  on  the  other  are 
not  taken  into  account. 
A  comparison  oi  the  assumptions  underlying 
•  the  water  projections  with  the  environmental  pro- 
jections brings  out  a  number  of  discrepancies. 
These  discrepancies  relate  to  the  effedts  of  (1) 
land-use,  changes,  (2)  possible  climate  changes,, 
(3)  changes  in  consumptive  uses,  (4)  changes  in 
»  water  quality,  ajid  (5)  habitat  changes. 

Effects  ofLdnd'U^e  Changes.  Perhaps  the  most 
significant  land-use  change  projected  for  2000  is 
extensive  deforestation,  which  has  dramatic  im- 
plications '  water  availability.  Lacking  the  reg- 
ulating effect  of  forests  in  the  uppe*'  elevations  of 
river  basins,  water  flows  will  become  more  ex^ 
treme  during  both  the  high  and  tow  flow  periods. 
Water  supplies  will  be  reduced  in  both  quantity 
and  quality.  The  reduction  in  quantity  will  be  a 
result  of  rapid  runoff,  which  cannot  be  retained 
for  later  use.  The  reduction  inVquality  will  be  a 
result  of  the  increased  silt  loads  that  accompany 
increased  erosion. 


The  LDC  forests  will  be  most  affected.  The 
tropical  rivers  of  Africa  and  Latin  America  carry 
enormous  quantities  of  water  and  will  become 
^higlfly  destructive  if  their  peak  flows  are  aug- 
mented. Similar  problems  can  be  anticipated  in 
parts  of  A/rica  and  in  Asia,  The  remaining  forests 
of  the  Himalayan  range  are  particulariy  important 
since  the  waters  of  the  range  feed  a  number  of 
large  rivers/that^supply  the  needs  of  millions  of 
persons.  It^fs  estimated  that  by  the  year  200a'the 
Ganges  ^|sin  alone  will  contain  500  million  per- 
sons, who  Will  be  dependent  on  that  river  for  ag- 
ricultural, industrial,  and  drinking  water. 

The  sterp  and  rugged  terrain  of  the  Himalayas 
and  the  Andean  ranges  prohibit  the  construction 
of  the  large  dams  that  might  tame  their  rivers  and 
regulate  their  flows.  Consequently  pnly  vegetative 
cover  and  special  la.-»d  management  can  bq  em- 
ployed to  control  runoff^'The  denuding  of  catch- 
ments will  exaggerate  high  flows  and  high  sediment » 
loads;  and  will  rec*uce  dry-season  flow§.  These 
changes  will  in  turn  lead  to  extreme  problems  :n 
the  management  of  irrigation  systems  aiid  im- 
poundments throughout  the  affected  regions. 

A  worW  suiA^ey  has  yet  to  be  made  of  the  eco- 
nomic impact  un  water  projects  or  the  sedimen- 
tation, greater  fluctuations  in  flow^,  and^more 
frequent  flood  peaks  that  result  from  vegetative 
changes  in  steep  catchments.  It  was  expected  that 
large  impoundments  such  as  Volta  Lake  in  GhJha 
or  Lake  Nasser  behind  the  Aswan  Dam  would 
have  useful  *MiveV'of  lOOyearsor  mere,  but  these 
and  other  lakes  and  dams  will  have  much  shorter 
lives  if  sedimentation  increases.  Wherever  major 
denuding  occurs  upstream  of  a  large  reservoir, 
accelerated  filling  b)(  sediments  is  likefy  to  become 
/evident  by  the  year  2000,  and  in  smallrivers  with 
high  sediment  Igad^,  impoundments  may  become 
economically  infeasible  because  of  the  short  time 
it  would  take  them  to  fill  with  sediment.  * 

Doforcsta*'on  would  also  affect  ground-water 
recharge  and,  ultimately,  flows  from  sprmgs.  This 
effect  is  well  established;  but  the  extent  of  its  im- 
pact across  the  world  is  undocumenM  and  dif- 
ficult to  assess  because  subsurface  water  movements 
can  only  be  determined  by  carefully  executed  sur- 
veys using  radioactive  isotopes  or  dyes. 

Effects  ^Ti^sible  Changes  in  Climate.  In  ad- 
dition to  the  effects  gf  deforestation,  potential 
changes  in  climate  would  certainly  affect  watef 
supplies.  There  is  not  full  agreement  among  cli- 
matolpgists  eith«*  as  to  the  climate  changes  an- 
ticipated or  as  to  their  consequences  for  water 
supplies,  but  many  climatologists  associate  in- 
creased variability  and  reduced  rainfall  with  a 
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cooling  trend,  and  .increased  lainfall  (except  per- 
haps in  the  south  central  area — dustbovl  of  the 
1930s — of  the  U.S.)  with  an  increase  in  temper- 
ature. 

Effects  of  Changes  in  Consumptive  Uses.  Over 
mad  above  the  effects  of  deforestation  and  possible 
climatic  change,  water  availability  will  be  influ- 
enced by  increased /:onsunfTptive  uses  of  water  for 
irrigation  and  for  the  (discharge  of  waste  heat 
through  evaporative  cooling  t^^wers.  Therma^ 
electric  (coal  and  nuclear)  power-plants  discharge 
approximately  two-thirds  of  their  inp^  t  energy  as 
waste  heat;  increasingly  these  discharges  are 
through  evaporative  cooling  towers.  By  2000  the 
consumptive  use  of  water  for  waste  heat  dis- 
charges is  expected  to  be  regiooaily  significant  in 
the  U.S.,  Europe  and  Japan. 

The  biggest  increase  in  consumptive  (evapo- 
rative) use  of  water  will  come  about  as  a  result 
of  Th^  growth  in^irrigated  agriculture. 

Irrigation  is  already  the  largest  consumptive  use 
of  water,  and  although  the  agricultural  projections 
are  not  specific  as  to  the  amount  ot  additional 
irrigation  implied,  it  is  clearly  large.  The  projec- 
tions suggest  that  the  pressure  m  water  resources 
due  to  inigatfoir  of  arid  lands  is  likely  to  increase 
even  more  rapidly  tharprcssures  on  ar'^ble  land 
resources,^  which  will  increase  by  only  about  4 
percent  in  by  the  year  2000  over  the  1971- 
75  average  figure.  The  increased  consumptive  use 
of  wat^r  in  agriculture  will  decrease  the  supply  of 
water  available  for  other  uses,  especially  for  en- 
ergy applications. 

Effects  of  Changes  in  Water  Quality.  Irrigation 
will  decrease  water  availability  in  yet  another  way. 
Salts  washed  out  of  the  soi|b  will  enter  streams 
and  riy^rs,  contributing  to  a  general  decrease  in 
watei^.  quality  and  in  some  areas  effectiveiy  .re- 
ducing water  supplies  by  rendering  water  unfit  for 
reuse. 

There  is  an  important  linkage  between  the  en- 
vironmental implications  of  the  agricultural  and 
water  projections.  The  agricultural  projections 
anticipate  both  increases  in  irrigated  land  and  a 
net  increase  in  arable  land  oven  and  above  land 
losses.  To  achieve  the  increase  in  arable  and  ir- 
rigated land  anticipated  marginal  arid  lands  will 

>be  bro.!ght  into  cultivation,  in  some^areas  through 
irrigation  and  the  removal  of  soil  salts.  However, 
the  problems  of  salinization  in  irij[gated  soils  are 
resolved  only  by  flushing  salts  out  of  the  soil  with 
water.  The  rivers  and  streams  tjhat  receive  the 
lalt*laden  drain  water  become  increasingly  salty. 
As  the  witer  projections  note,  the  b^i!dup  of  con- 

'  oentrations  of  salts  in  rivers  flowin{;[  through  ir- 


ri;.*ted  lands  in  arid  regions  is  inevitable.  The 
rjsult  downstream  is  water  unfit  fof  irrigation. 
This  phenomenon  has  no  solution  other  than  the 
removal  of  salts. 

Desalting  rivers  is  expensive.  A  104-million  gal- 
lon per  day  desalting  plant  under  construction  at 
Yuma,  Ari2;ona,  will  cost  an  estimated  $315  mil- 
lion. It  will  reduce  the  salinity  o^  the  Colorado 
River  as  it  passes  from  the  U.S.  into  Mexico  from 
850  milligrams  per  liter  (mg/1)  to  115  mg/l  in  ac- 
cordance with  a  1973  agreement.  Without  the 
plant,  the  Bureau  of  Reclamation  p^-ojected  that 
salini^  levels  would  climb  to  1 ,300  mg/1  milligrams 
per  liter  by  2000,  and  that  every  additional  mil- 
ligram per  liter  of  salt  would  cause  an  equivalent 
of  $230,000  in  damages  annually  to  water  users 
in  the  lower  reaches  of  the  Hvcr^'^' 

Desalting  rivers  also  requires  energy.  The 
Yuma  plant  will  require  4.3  megawatts  of  hy- 
droclcctric  energy  to  run  the  pumps  that  supply 
pressure  for  reversed  osmotic  desalinization.  The 
electric  generative  use  of  the  water,  therefore, 
also  competes  with  irrigation  use.  Of  the  plant's 
input  waters,  70  percent  emerge  at  250  parts  per 
million  (ppm)^  salt  concentration  and  flow  back 
into  the  river;  30  percent  emerge  at  9,000  ppm 
and  flow  into  a  bnny  lagoon.  Wind  and  solar  gen- 
eration methods  are  being  considered  to  reduce 
the  hydroelectric  demands  of  the  plant. 

li  the  assumption  in  the  food  and  agriculture 
projections  is  correct — namely  that  there  will  be 
significant  increases  in  thr  agricultural  use  of  arid 
lands  through  irrigation — large  water  losses 
(through  evaporatioii)  from  the  supplying  streams 
and  rivers  are  inevitable.  At  the  same  time,  salts 
will  be  flushed  out  of  the  soils.  More  salt  and  less 
water  means  higher  salt  concentrations  down- 
stream. Accordingly,  one  of  two  results  will  fol- 
low: Irrigated  farming  costs  will  either  increase 
significantly  so  as  to  include  the  cost  of  salt  r 
moval,  or  the  salts  from  the  fields  of  farmers  up- 
stream wiir  be  added  to  those  in  the  fields  of 
fanners  downstream. 

Salts  are  not  the  only  way  in  which  the  envi- 
ronmental implications  of  the  food  projections 
impact  on  water  quality.  The  use  of  fertilizers, 
pesticides,  and  herbicides  is  projected  to  double 
•  on  a  global  average  but  to  quadruple  in  the  LDCs. 
The  fertilizer  runoff  will  lead  to  the  eutrophication 
of  many  lakes  and  streams  especially  in  the  LDCs. 
decontamination  with  pesticides  will  reduce  the  pos* 
sibilities  for  aquaculture,  reducing  the  availability 
of  badly  needed  fish  protein.  Probably  the  net 
effect  in  the  LDCs  will  be  to  reduce  the  amount 
of  water  that  is  safely  available  for  fish  culture 
and  for  human  consumption. 
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Other  decreases  in  water  quality  will  also  occur. 
In  additijn  to  salts,  and  pesticides,  increasing 
amounts  of  fertilizere,  toxic  substances,  oil,  dis- 
ease pathogens,  acids  (from  mine  drainage  and 
acid  rain),  and  sediments  can  be  expected  to  enter 
the  world's  waters,  especially  in  the  LDCs.  The 
net  effect  will  again  be  either  a  reduction  in  the 
safety  f  th^  wt.ter  available  for  various  uses  or 
increased  costs  of  protecting  water  supplies. 

The  economic  costs  of  water  protection  are  sig- 
'^ficanLln  the  U.S.,  for  example,  a  predecessor 
of  EPA^he  Federal  Water  Pollution  Control 
Administration  (FWPCA>-attem^ted  to  esti- 
mate the  ultimate  costs  of  water  protection  in  1970 
as  this  nation  was  beginning  seriously  to  clean  up 
its  waters.  The  FWPCA  concluded  that  it  woula 
cost  $4.4  billion  to  brinp  municipal  water  treat- 
ment systems  up  to  desired  standards,  and  that 
additional  needs  related  to  urban  aod  suburban 
growth  wouJd  bring  the  total  to  $10  billion  for  the 
1970-75  period.^*'  The  totaJ  public  expenditures 
in  the  U.S.  on  water-pollution  control  for  the 
1977-86  period  is  now  estimated  to  be  on  the  or- 
der of  $200  billion, ^«  and  the  portion  of  these 
costs  associated  with  potable  water  may  go  still 
higher. 

Habitat  Changes.  Both  the  water  and  the  food 
projections  explicitly  or  implicitly  assume  the  de- 
velopment of  many  more  water-regulation  proj- 
ects—dams, dikes,  canals,  etc.  The  severe 
ecological  consequences  of  many  of  these  projects 
trc  beginning  to  be  examined  more  carefully  dur- 
ing the  planning  process.  As  a  result,  some 
planned  projects  can  be  expected  to  be  delayed, 
redesigned,  or  dropped-in  the  years  ahead 

The  LDCs  can  anticipate  the  largest  ecological 
impacu  as  a  result  of  future  water  development 
for  two  reasons.  First,  the  industrialized  nations 
have  already  developed  most  of  their  water  re- 
sources»  and  while  some  further  devf  pment  will 
occur,  it  will  probably  proceed  witL  :aution  in 
formed  by  the  ecological  results  of  e^riier,  less 
cautious  developments.  Water  resour  in  the 
UK  J  are  less  developed  and  more  pro- 
ceed with  relatively  less  careful  cojr  .on  of 
the  ecological  consequences. 

The  seconJ  reason  is  that  water  development 
leads  to  a  number  of  severe  ecological  changes  in 
the  LDCs  that  do  not  occur  (or  occur  to  a  much 
lesser  degree)  in  the  industrialized  nations.  Prob- 
ably the  most  significant  of  these  ecological 
changes  is  the  spread  of  habitat  for  disease  vectors 
•nd  hosts.  The  implications  of  large  dams  and 
irrigation  projects  for  the  spread  of  malaria,  schis- 
tosomiasis, and  river  bhndness  will  be  of  increas- 


ing concern  to  water  planners  throughout  the 
world,  and  it  is  likely  that  a  number  of  large  water 
developments  now  planned  m  LDCs  will  be  de- 
layejd  or  abandoned  in  the  years  ahead  '  'hen  their 
ecological  implications  are  better  understood.  In 
this  way  ecological  and  habitat  considerations  will 
feed  back  td>influence  the  water  projections. 

The  preceding  comparisons  of  the  assumptions 
underlying  the  water  projections  with  the  envi- 
ronmental projections  bring  out  a  nuipber  of  dis- 
crepancies relating  to  changes  in  land  use,  climate 
(possibly),  consumptive  uses,  water  quality,  ecol- 
ogy, and  habitat.  These  discrepancies  cannot  be 
related  quantitatively  to  the  water  projections, 
but  they  all  support  the  gene/al  conclusion  of  the 
water  projections,  namely  that  throughout  the 
worid,  even  before  the  year  2000,  shortages  of 
water  of  usable  quality  can  be  expected  to  become 
more  frequent,  more  extensive,  and  more  severe 
than  those  being  experienced  today. 

Feedback  to  tVe  Food  and  Agriculture 
Projections 

The  environmental  assumptions  in  the  food  and 
agriculture  projections  take  into  account  some, 
but  not  alh  of  the  influences  that  follow  from  the 
environmental  projections.  The  major  environ- 
mental assumptions  underiying  the  food  and  ag- 
riculture projections  are  as  follows: 

•  Weather  variability  (but  not  global  climate 
change)  is  analyzed  as  the  principal  variable  in 
the  three  alternative  projections  of  food  pro- 
duction, and  as  a  result  climate  overall  is  as- 
sumed to  remain  favorable  over  the  next  two 
decades. 

.  •  Some  land  is  assumed  to  be  lost  to  urbanization 
(and  perhaps  other  cau;es),  but  the  amounts 
assumed  lost  to  specific  a  uses  are  not  indicated. 
Trends  in  net  arable  area  provide  some  clues 
and  are  given  in  Chapter  6  in  Table  fr-12.  By 
2000,  the  amounts  of  arable  land  in  North  Af- 
rica, the  Midole  East,  and  South  Asia  are  pro- 
jected  to  deaine  (relative  to  areas  under 
cultivation  in  1CJ5)  as  the  "economic  and  en- 
vironmental costs  of  maintaining  cultivated 
areas  near  physical  maxima  become  prohibi- 
tive." 

•  The  projections  assume  that  increasing  inputs 
oi  fertilizer  and  irrigation  and  other  energy-in- 
tensive inputs  will  compensate  for  erosion  and 
the  other  forms  of  land  deterioration  now  being 
experienced  throughout  the  world. 

•  Deterioration  of  range  lands  is  not  specifically 
addressed  in  the  projections  and  is  assumed  im- 
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plicitly  not  to  be  a  constraining  factor  on  the 
projected  livestock  production. 

•  The  projections  assume  that  substantially  in- 
creased amounts  of  water  will  be  available  for 
irrigation,  but  the  specific  water  assumptions 
are  unclear.  The  text  of  Chapter  6  indicates  that 
water  management  for  irrigation  could  become 
the  single  most  important  constraint  to  increas- 
ing yields  in  the  LDCs,  but  the  quantitative  im- 
plications of  water  constraints  are  not  analyzed. 
Also,  the  <:xtent  to  which  irrigation  is  leading 
to  the  salinization  of  soik  is  not  discussed. 

•  The  continuing  losses  of  diverse  local  (and  wild) 
crop  strains  is  impKcitly  assumed  not  to  ad- 
versely affect  the  success  of  plant  breeders  in 
developing  still  lygher-yielding  varieties  and 
protecting  food  crops  against  pests  and  patho- 
gens. Yields  are  assumed  to  cqntinue  increasmg 
at  essentially  the  same  rates  as  in  the  past  two 
decades. 

•  Pollution  oy  pesticides  and  fertilizers  is  assumed 
not  to  constrain  the  use  of  pesticides  and  fer- 
tilizers. Pollution  is  mentioned  in  Chapter  6  as 
a  potential  problem  particularly  in  the  LDCs, 
but  it  is  also  implied  that  these  countries  will 
have  neither  the  capacity  nor  the  motivation  to 
control  fertilizer  and  pesticide  pollution,  espe- 
cially if  controls  would  reduce  yields. 

'  It  is  nottfble  that  the  projections  foresee  only 
a  small  increase  (about  4  percent)  in  arable  land 
over  the  last^quarter  of  this  century,  and  after 
1985  decreases  are  projected  in  some  regions. 
Land  limitations  and  production  constraints,  es- 
pecially water  shortages,  lead  to  a  decline  in  per 
capita  food  production  relative  to  1970  levels  in 
North  Africa,  the  Middle  East,  and  the  Central 
African  LDCs,  and  only  slight  increases  in  South 
Asia.  In  other  words,  over  the  period  of  the  pro- 
jections there  will  be  no  major  improvement  in 
the  food  stiffly  for  the  world's  poorest  popula- 
tions, and  what  improvements  do  occur  will  re- 
quire an  increase  of  95  percent  in  the  real  price 
of  food. 

Against  this  sobering  outlook,  a  comparison  of 
the  environmental  assumptions  in  the  food  pro- 
jections with  the  environmental  projections  gives 
little  reason  for  optimism.  Discrepancies  are  ap* 
parent  in  connection  with  land  deterioration, 
losses  of  genetic  resources,  pest  and  disease  man- 
agement problems,  water  problems,  and  the  ef- 
fects of  air  pollution. 

Effects  of  Land  Deterioration,  Erosion,  salini- 
zation, alkalinization,  waterlogging,  compaction, 
and  loss  of  organic  matter  are  all  aspects  of-  the 
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soil  deterioration  processes  at  work  throughout 
the  world.  While  soil  deterioration  is  a  less  easily 
quantified  phenomenon  than  land  lost  to  urban 
sprawl,  its  effects  are  being  fe!t  in  both  LDCs  and 
industrialized  nations. 

In  the  industrialized  nations,  the  primary  forms 
of  land  deterioration  are  erosion,  compaction, 
and  salinization.  The  projections  assume  that  con- 
tinued and  increasing  quantities  of  energy-inten- 
sive inputs  (especially  chemical  fertilizers,  but 
also  irrigation  water,  herbicides,  and  pesticides) 
will  compensate  for  basic  declines  in  soil  condi- 
tions and  productivity.  This  assumption  is  sup- 
ported by  past  experience.  In  the  U.S.  for 
example,  almost  two-thirds  of  the  crop  land  needs 
treatment  for  erosion  and  compaction,  but  as  a 
result  of  increasing  energy:intensive  inputs,  yields 
continue  to  increase  and  many  large  farms  con- 
tinue to  make  a  profit. 

The  discrepancy  between  the  assumptions  of 
the  food  projections  for  industrialized  countries 
and  the  environmental  projection  involves  the 
feasibility  of  continued  increases  in  energy-inten- 
sive inputs  over  the  next  t^o  decades.  Diminish- 
ing returns  are  experienced;  input  costs  are 
increasing  rapidly  with  energy  prices;  adverse  ex- 
ternalities (such  as  the  effects  of  toxic  pesticides 
on  human  and  animal  health*  and  ground-water 
pollution)  are  becoming  matters  of  concern. 

Although  there  are  admittedly  some  significant 
exceptions,  the  issue  in  most  industrialized  na- 
tions is  not  irreparable  soil  damage  but  the  in- 
creasing vulnerability  of  the  agricultural  sector  of 
the  economy  to  disruption.  Present  practices  lead 
to  three  forms  of  vulnerability.  First,  present 
farming  practices  with  energy-intensiveJnputs  and 
cost-cutting  methods  lead  to  soils  that  are  less  able 
to  absorb  and  retain  water;  rain  and  irrigation  arie 
both  of  less  help  to  crops,  and  the  soils  are  more 
vulnerable  to  wind  erosion  during  a  drought  or 
a  shift  to  a  period  of  dryer  climate.  Second,  di- 
minishing returns  on  increasingly  expensive  en- 
ergy-intensive inputs  can  be  sustained  only  to  a 


*Many  worken  in  LDC  countnes  use  pesticides  without  id- 
equate  training  or  proteaion.  In  Central  America,  for  ex- 
ample, there  were  19.300  medically  certified  pesticide  poiiOfun|i 
over  the  5*year  period  1971-76.  Most  of  the  poitonings  (17,- 
000)  occurred  in  El  Salvador  and  Guatemala  where  there  are 
about  360  cases  per  year  for  each  lOO.OOO  persons.  By  com- 
parison, in  the  U.S.  there  are  only  about  0. 17  cases  per  100,000 
persons.  In  Central  America  pesticides  have  also  contaminated 
animals.  In  1976  about  500,000  pounds  of  beef  imported  to 
the  U.S.  from  El  Salvador  were  rejected  for  levels  of  up  to 
95  parfs  per  million  oTDDT;  the  U  S  Oireshold^  tevet  Is  5 
("Toxic  chemicals:  How  More  than  50  Nations  on  Five  Con- 
tinents Handle  Their  Most  Deadly  Pollutants,"  World  Envi- 
ronment Report,  June  18.  1979,  p.  2) 
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point,  and  along  the  way  further  soil  damage 
(especially  erosion  and  compaction  leading  to 
hardpan  soils)  will  accumulate.  When  damage  is 
far  enough  advanced,  productivity  drops  regard- 
less oT  added  fertilizers.  Some  U.S.  s&ils  have 
reached  and  passed  that  point. Third,  the  food 
needs  of  an  increasing  world  population  combined 
with  rapid  increases  in  energy  prices  could  lead 
either  to  a  very  rapid  increase  in  the  cost  of  food 
(effectively  pricing  a  much  larger  FX)rtion  of  ihe 
world's  population  out  of  the  n^arket)  or  to  a  rel- 
atively suduen  and  disruptive  shift  away  from  en- 
ergy-intensive methods  of  agriculture.  Restoration 
of  mildly  damaged  soils  could  be  accomplished 
oyer  a  decade  with  fallowing  and  green  manuring 
with  leguminous  cover  crops,  but  restoration  of 
severely  damaged  land  would  require  much  longer, 
and  a  disruptive  effect  on  p/oduction  could  be 
expected  during  the  restorative  period.  The  food 
projections  in  Chapter  6  note  that  there  are  a 
variety  of  cultural  practices  and  management 
techniques  available  to  reduce  agricultural  de- 
pendence on  energy-inleasive  inputs,  but  ihe  pro- 
jections question  the  ability  of  farmers  to  maintain 
or  expand  production  levels  while  shifting  away 
from  energy-intensive  inputs. 

There  is  little  que  ♦ion,  however,  that  rising  in- 
put costs  and  fiiruiw.  diminishing  returns  are  in 
prospect  and  that  a  careful  and  objective  analysis 
of  scientific  and  public  policy  options  for  reorien- 
tating trends  in  agriculture  is  needed.  Evidence 
is  accumuUting  that  present  research  and  policy 
priorities  are  in  need  of  reorientation,'*  but 
short-term  and  institutional  interests  are  also  in- 
volved. In  this  connection,  David  Vail  of  Bowdoin 
College  asks  a  very  relevant  question  about  ag- 
riculture in  the  industri.-^lized  nations:  '*ln  view  of 
the  power,  objectives,  and  past  behavior  of  the 
industries  (and  government  agencies)  that  have 
shaped  and  promoted  [energy-Jinttnsive  technol- 
ogy, is  it  reasonable  to  expect  a  transformation 
of  priorities  just  because  it  would  be  in  society's 
long-run  intirest?'"^ 

For  the  LDCs,  the  food  projections  assume  that 
land  deterioration  will  not  be  more  serious  than 
in  past  decades  because  farmers  will  be  aware  of 
the  problems;  will  institute  practices  preventing 
more  extensive  deterioration,  and  will  cherge 
more  for  their  crops  to  cover  increased  ccsts^ 
There  is  a  significai^t  discrepancy  between  these 
assumptions  and  the^enviroiimental  projection^. 

Basically,  the  envirWn^rK^I  projections  antic- 
ipate significant  increases  m^tkf^  intensity  of  use 
of  agriculture  lands  in  the  LDCs  and  very  fe^ 
preventive  or  remedial  measures.  The  primary 
LDC  remedial  measures  implied  by  the  food  pro- 


jections are  a  fourfold  increase  in  the^use  of  fer- 
tilizers, herbicides,  and  pesticides  and  a  large 
increase  in  irrigation.  With  the  projected  increase 
in  energy  costs,  and  with  the  environmental  (and 
political)  implications  of  the  implied  water  de- 
velopment, it  seems  unlikely  that  remedial  or  pre- 
ventive measures  will  be  able  to  counter  the 
pressures  for  overuse.  Furthermore,  the  environ- 
mental projections  suggest  that  deforestation  will 
increase  the  degradation  of  the  LDC  agricultural 
lands,  both  through  more  erratic  streamflows  and 
increased  erosion  and  through.a  fuelwood  short- 
age, which  will  result  in  an  increase  in  the  burning 
of  dung  that  would  otherwise  have  been  returned 
to  the  soil  as  nutrients. 

The  economic  consequences  of  land  deterio- 
ration are  more  immediate  in  the  LDCs  than  in 
the  industrialized  countries.  Overgrazing,  deser- 
tification, and  salinization  are  major  problems.  ^ 
Harold  E.  Drcgne,  chief  of  the  U.N.  Environment 
Programme's  working  groups  ort  desertification, 
finds  th^  total  annual  production  losses  due  to 
desertification  and  salinization  (an  estimated  $15.6 
^^billion^*)  to  be  distributed  as  folloM^s:  $3.3  billion 
due  to  wateriogging  and  salinization  of  irrigated 
land;  $6.7  billion  due  to  rangr  deterioration;  $5.6 
billion  due  to  deterioration  of  rainfed  cropjand. 
Most  of  these  losses  would  be  borne  by  the  LDCs. 
Dregne  computed  the  production  loss  potential 
at  40  percent  of  production  on  irrigated  lands  (due 
to  salinization),  60  percent  on  range  land,  and  25 
percent  on  rainfed  crop  land.  Average  gross  in- 
comes per  hectare  from  lands  not  affected  by  de- 
sertification or  salinization  were  estimated  at  $400 
for  irrigated  land,  $90  for  rainfed  crop  land  and 
$3.50 .for  range  land. 

Another  measure  of  the  economic  impact  of 
land  deterioration  is  the  estimated  cost  of  reme- 
dial measures.  According  to  the  Committee  on 
Problems  of  the  Environment  of  the  International 
Council  of  Scientific  Unions  (SCOPE),  it  would 
cost  $25  billion  to  rehabilitate  50  million  h^cares 
with  the  heaviest  salt  damige.'^  The  U.N.  En- 
vironment Program  estimates  that  it  will  cost  $400 
million  a  year  to  combat  desertification.  ^  So  far 
no  global  price  tag  has  been  placed  on  halting 
erosion  or  overgrazing. 

Effects  of  Genetic  Resource  Losses,  The  food 
and  agriculture  projections  assume  that  yields  will 
continue  to  increase  at  essentially  the  same  rate 
as  over  the  past  two  decades.  The  yield  increases 
come  in  part  from  distribution  of  technologies 
already  demonstrated  in  field  experiments  and  in 
part  from  further  experimental  improvements, 
especially  in  seed.  Improvements  in  seed  involve 
both  increased  plant  productivity  and  increased 
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(or  at  least  maintained)  resistance  to  plant  pests 
and  pathogens.  To  achieve  these  ends,  local 
strains  of  crop  species  are  peeded,  and  these  are 
being  lost  rapidly. 

The  projected  extinction  of  one-fifth  of  all  spe- 
cie9-~plants  and  animals— on  the  planet  is  an  in- 
dication of  the  overall  pressure  on  grnetic 
resources.  Most  of  these  extinctions  will  occur  as 
a  result  of  tropical  deforestation.  The  genetic 
losses  of  most  concern  to  agriculture  are  not  so 
much  located  in  tropical  forests  as  in  dry  and 
marginal  lands  where  local  strains  of  important 
food  grains  h'^ve  evolved  high-yield  or  disease- 
resistant  traits.  These  localStrains  are  being  lost 
in  two  ways.  First,  local  strains  are  lost  as  more 
and  more  farm  lands  are  put  into  production  witb 
commercial  rather  than  local  seed.  Second,  land- 
clearing  is  destroying  habitat  for  many  local  wild 
varieties.  '•^ 

Concerned  plant  sc^ntists  are  increasing  their 
efforts  to  collect  varieties  of  crops  from  all  over 
the  world  before  they  are  lost.  The  International 
Rice  Research  Institute  has  a  collection  of  45,000 
rice  strains  in  Los  Banos,  Philippines  but  consid- 
ere  that  its  collection  is  only  a  fraction  cf  the 
world's  known  rice  germ  plasm. Then  is  little 
doubt  that  large  numbers  of  local  strains  will  be 
lost  in  the  decade^  ahead.  Without  new  genetic 
materials  to  work  with,  there  are  yety  real  limits 
to  what  plant  breeders  can  accomplish. 

Although  the  genetic  losses  most  significant  to 

esent-day  agriculture  are  far  more  likely  to  oc- 
cur in  the  fields  of  subsistence  cultivators  than  in 
tropical  f9rests,  the  extinctions  in  tropical  forests 
also  have  implications  for  future  agriculture. 
Tropical  forests  contain  wild  progenitors  of  mimy 
important  cropi — cocoa,  rubber,  oil  palm,  p^ne- 
apple,  and  many  nuts  and  fruits,  as  well  asme- 
didnai  plant  species  and  many  plants  of  unexplored 
food  and  medical  potential.  Should  the  world's 
climate  become  warmer  and  wetter,  as  many  cli- 
matologists  believe  likely,  these  and  other  tropical 
species  could  become  exceedingly  important. 

Finally,  it  should  be  mentioned  that,  livestock 
genetic  resources  are  also  being  lost  at  a  rapid 
rate  and  without  extensive  effoils  at  preservatidn. 
Livestock,  especially  ruminants,  are  important  in 
the  world's  food  future  because  of  their  capacity 
to  convert  cellulose  plant  materials  (indigestible 
to  humans)  into  high-quality  protein.  / 

Effects  of  Pest  and  Disease  Management  Prob- 
lems. The  food  projections  assume  that  agricul* 
tural  pests  and  diseases  will  not  present  more 
difficult  problems  in  the  future  than  they  have  in 
the  past.  The  projections  anticipate  that  these 
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problems  will  be  managed  through  a  global  dou- 
bling in  the  use  of  pesticides.  A  still  larger  increase 
in  pesticides  is  anticipated  for  the  LDCs. 

By  contrast,  the  environmental  projections  sug- 
gest that  pesi  and  disease  problems  will  increase, 
especially  if  reliance  continues  to  be  placed  pri- 
marily on  pesticides.  The  methods  of  integrated 
pest  management*  may  offer  a  more  effective  al- 
ternative, but  continued  dependence  on  pesticides 
will  enhance  resistance  in  pests  and  decimate 
predator  populations.  Extensive  monocultures  of 
genetically  identical  H^ants  will  further  increase 
vulnerability. 

The  economic  impact  of  pest  management 
problems  will  be  felt  particularly  in  cash  and  ex- 
port crops.  The  problems  caused  by  heavy  appli- 
cations of  pesticides  have  been  well  demonstrated 
in  cotton  fields  of  the  world  as  well  as  on  plan- 
tations of  tea«  oil  m\m,  vegetables,  and  fruits. 
In  Northeasterlrv.Nw(ico  250,000  hectares  of  cot- 
ton were  totally  des\oyed  by  the  bollworm  He- 
liothh  when  it  became  resistant*  to  all  of  the 
pesticides  used  against  it<^"  Similar  problems  of 
resistance  were  experienced  in  Texas  where  the 
costs  of  protecting  cotton  in  the  Rio  Grande  Val- 
ley were  higher  than  anywhere  else — 11  percent 
of  the  total  production  costs.  In  1%6  cotton  farm- 
ers in  the  U.S.  were  using  47  percent  of  all  pes- 
ticides used>by  U.S.  farmers, and  pest  control 
costs  had  become  inordinately  high. 

Although  many  cotton  farmers,  especially  in 
the  U.S.,  Mexico,  and  Peru,  are  shifting  tainte- 
grated  pest  management  techniques  for  cqfton, 
pesticides  applied  to  cotton  elsewhere  in  the  world 
continue  to  represent  a  large  share  of  the  total 
pesticide  chemical  usage.  In  fact,  in  LDCs  export 
corps  (including  cotton)  receive  most  of  the  pes- 
ticides now  used.'" 

The  projected  100  percent  increase  in  food  pro- 
duction by  2000  is  Weakened  to  the  extent  that  it 
assumes  that  a  doubling  of  the  world  average  af)- 
plication  rate  of  pesticides  to  food  crops  (and  a 
quadrupling  of  the  application  rate  in  the  LDCs) 
will  enhance  production.  Modest  applications  of 
pesticides  in  conjunction  with  the  ecological  and 
cultural  techniques  of  integrated  pest  manage- 
ment generally  contribute  to  increased  yields  in 
the  short*  run,  but  massive  increases  in  the  use  of 
pesticides  alone  will  definitely  increase  the  cKances 
of  major  increases  in  pest  resistance  over  the  next 
two  decades,  as  has  happened  already  in  cottoil. 


**inte|rated  pest  managemenr^ipplies  to  a  wide  array  of  pe«t 
management  techniques  that  ptM\\y  reduce  the  use  of  f^esti- 
cidet  and  rciy  more  on  bioloftcal  controls  and  cultural  tech- 
niques. 
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The  assurliption  in  the  food  projection  that  fur- 
ther adoption  of  existing  high-yield  technology 
will  occur  is  in  essence  an  assumption  that  larger 
monocultures  of  genetically  identical  strains  will 
increase.  This  assumption  implies  increased  vul- 
nerability of  food  staf^lrt.  The  establishment  of 
still  larger  monocuhares  of  rice,  wheat,  and  corn 
propagated  from  an  excessively  narrow  genetic 
base  enhances. the  probability  of  crop  epidemics 
on  a  scale  even  larger  than  the  1972  corn  blight 
epidemic  in  the  U.S.  The  potential  economic  im- 
pact of  such  an  epidemic  is  enormous.  While  a 
useful  quantification  of  this  potential  is  not  pos- 
sible, the  possibility  U  real  andis  increased  by  the 
trends  assumed  in  the  food  projection^ 

Effects  of  Air  Pollution.  The  food  projections 
assume  that  the  adverse  effects  of  air  pollutants 
on  agricultural  production  will  not  increase  over 
the  next  two  decades,  but  the  environmental  pro- 
jections point  to/ a  number  of  potential  increases 
in  air  pollution,! some  of  which  can  be  expected 
to  affect  agriculture  adversely. 

The  increased  combustion  of  coal  will  produce 
at  least  three  combustion  products  of  potential 
significance  to  agriculture,  namely,  sulfur  oxides 
(SO,),  nitrogen  oxides  (NO.)  and  carbon  dioxide 
(CO,).  Increased  CO,  in  the  air  could  increase 
plant  growth,  but  SO,  and  NO,  emissions  are 
known  to  have  adverse  effects  on  plants.  SO, 
emissions  can  be  controlled  with  the  technology 
now  available,  so  the  extent  of  emissions  depends 
on  national  pollution  control  standards.  In  the 
U.S.,  for  example,  present  standards  would  re- 
duce SO,  emissions  until  about  1985,  when  emis- 
sions would  start  increasing  again.  NO,  emissions 
cannot  be  controlled  \*^th  existing  pollution  con- 
trol technologies.  The  energy  projections  are  not 
sufficientry  detailed  or  precise  to  permit  an  esti- 
mate of  the  areas  that  will  be  exposed  to  increased 
concentrations  of  SO,  and  NO,. 

Air  pollution  already  causes  significant  damage 
to  agricultural  crops.  In  the  U.S.,  air  pollution 
damage  to  crops  in  Southern  California  alone  cost 
fanners  $14.8  million  per  year  during  the  1972- 
76  period.  The  losses  amounted  to  2  percent  of 
the  crop  categories  affected.  Celery,  potatoes, 
and  tomatoes  wer^jafeially  hard  hit. 

Over  the  next  TWffd3cades  the  impact  of  air 
pollutants  on  agriculture  can  be  expected  to  in- 
crease, especially  for  farmers  downwind  of  in- 
dustrial/enters.  The  effects  may  be  particularly 
severe  near  industrial  centers  in  LDCs.'^ 

Effects  of  Aquatic  Changes.  The  food  projec- 
tions assume  that  water  resources  will  be  available 
to  effectively  utilize  a  doubling  in  the  application 


of  fertilizers.  (The  twofold  increase  iK  a  world  av- 
erag^;  a  quadrupling  of  fertilizer  use  is  anticipated 
in  the  LDCs.)  The  projections  note  that  water 
management  could  become  the  single  most  im- 
portant constraint  on  increasing  yields  in  the  de- 
veloping world. 

The  environmental  projections  lend  strong  sup- 
port to  the  concern  over  water  constraint^  not 
only  in  the  developing  world,  but  also  in  indus- 
trialized nations.  Competition  with  energy  devel- 
opment will  be  intense  in  parts  of  many 
industrialized  nations  (e.g.,  the  Western  U.S.). 
While  neither  the  water  assumptions  in  the  food 
projections  nor  the  water  projections  themselves 
are  sufficiently  detailed  to  permit  a  close  com- 
parison, much  examination  of  regional  water  sup- 
plies would  be  needed  to  determine  if  the  water 
assumptions  of  the  food  projections  are  fully  Jus- 
tified. 

"In  addition  to  Abater  supply,  the  environn.ental 
projections  point  to  two  other  aquatic  develop- 
ments that  will  affect  the  food  projections.  One 
concerns  the  acidity  of  rain  w^^er,  the  other,  var- 
iations in  supply. 

The  increased  emissions  of  sulfur  oxides  and 
nitrogen  oxides  from  coal  combustion  are  causing 
rainfall  over  wide  areas  to  become  more  acidic. 
Much  of  the  eastern  half  of  the  United  States  and 
parts  of  southern  Canada,  northern  Europe,  and 
southern  Scandinavia  have  all  been  affected.  The 
effects  of  acid  ram  on  crops  and  soils  are  only 
beginning  to  be  investigated,  but  it  is  already 
known  that  simulated  acid  rain  adversely  affectsi 
the  growth  of  some  food  crops,  including  soybeans 
andskidney  beans.  It  is  also  known  that  over  a 
period  of  3-5  years^simulated  acid  rain  begins  to 
acidify  soils.  Most  food  crops  do  not  grow  well  in 
-  acid  soils  The  extent  to  which  acid  rain  will  ad- 
versely affect  fo(5d  4>roduction  is  still  unknown, 
but  oiitx  the  next  20  years  it  will  probably  have 
much  more  effect  fhan  is  assumed  in  the  food  and 
agriculture  projections  in  Chapter  6. 

The  implications  of  the  anticipated  deforesta- 
tion for  streamflows  also  apply  to  agriculture  in> 
large  portions  of  the  developing  world.  The  ab- 
sence of  forest  cover  in  the  upper  reaches  of  river 
basins  tends  to  exaggerate  both  peak  and  mini- 
mum  flows.  As  a  result,  flooding  and  erosion  will 
be  increased  during  rainy  periods,  and  irrigation 
potentials  will  be  reduced  during  dry  periods.  This 
effect  mipt  considered  in  the  development  of  the 
food  projections. 

As  the  preceding  paragraphs  have  indicated, 
there  are  apparently  many  discrepancies  between 
the  environmental  assumptions  underlying  the 
food  projections  and  the  environmental  projec- 
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tions  made  in  the  food  and  agriculture  section  of 
this  chapter.  Land  deteiyor^tion  is  likely  to  be 
more  extensive  than  assumed.  The  assumed  pri- 
maiy  rdiance  on  chemical  fertilizers  to  maintain 
soil  fertility  will  lead  to  further  soil  deterioration 
^  well  as  to  increased  costs  and  economic  vul- 
nerability. Lost  genetic  resources  will  reduce  the 
prospects  for  additional  decades  of  yield  in- 

«  creates.  The  assumed  primary  reliance  on  pesti- 
cides as' a  pest  management  strategy  implies 
further  pesticide  resistance  in  pest  populations 
and  decreased  populations  of  pest  predators.  Air 
pollution  will  have  ad\€m  effects,  as  will  acid 
rain.  Although  the  water  assumptions  are  not  ex- 

^  plicit,  the  adverse  effects  of  deforestation  on 
water  supplies  will  further  complicate  an  already 
difficult  situation. 

If  these  apparent  discrepancies  could  be  taken 
into  account,<the  feedback  from  the  environment 

«  tal  projection  would  alter  the  food  projection  in 

^veral  ways.  Most  basically,  per  capita  food  con- 
sumption might  well  be  less  than  that  projected 
in  Alternative  III  in  Chapter  6,  nam^l^a  4  per- 
cent increase  worldwide,  a  decline  of  20  percent 
in  Africa  and  the  Middle  East,  and  increases  only 
in  the  U.S.,  the  U.S.S.R.,  and  in  Eastern  and 
Western  Europe.  The  real  cost  of  food  might  in- 
crease more  than  the  100  percent  projected,  and 
even  before  2000  those  LDC  economies  that  are 
largely  agrarian  may  experience' a  decline  in  the 
growth  of  their  GNP. 

Feedback  to  the  Fishe/ies  Projections 

The  fisheries  projections  make  several  environ- 
mentally related  assumptions  concerning  marine 
fisheries,  freshwater  fisheries,  and  aquaculture. 

For  marine  fisheries,  the  projections  assume 
that: 

•  Increasing  demand  for  marine  fish  will  not  lead 
to  overfishing  so  severe  that  it  depletes  fish 
stocks. 

•  Continuing  pollution  of  coastal  waters  with  oil, 
pesticides,  heavy  metals,  and  other  toxic  sub- 
stances will  have  an  overall  negative  effect  on 
the  quality  or  quantity  of  marine  flsh  catches. 
However,  the  projections  implicitly  assume  that 
such  pollution  will  not  be  severe  by  the  year 
2000. 

•  Continuing  losses  of  estuaries  and  coastal  wet- 
lands will  not  significantly  reduce  naiAral  ma- 
rine productivity  by  2000. 

•  Improved  fishins  technologies  will  not  be  used 
in  ways  that  threaten  fisheries. 

•  The  present  world  harvest  of  marine  fish  of 
about  60  million  metric  tons  (mmt)  will  not  m- 


crease  on  a  sustained  basis;  careful  planning  and 
management  could,  in  theory,  raise  che  harvest 
of  natural  marine-production  to  100  mmt  by 
2000;  and  economic  model  projections  based  on 
continued  population  and  GNP  growth  lead  to 
a  fish  demand  in  2000  of  81-83  mmt. 
For  freshwater  fisheries,  the  projections  assutne 
that: 

•  Natural  freshwater  fisheries  are  fully  exploited 
at  the  present  10  mmt  catch. 

•  Environmental  deterioration  will  not  adversely 
affect  this  natural  freshwater  catch. 

For  aquaculture  (fresh-  and  saltwater),  the  pro- 
jections assume  that: 

•  There  is  a  significant  potential  for  expanding 
the  present  6  mmt  harvest  ot  largely  highf-unit- 
value  species. 

•  This  potential  will  not  be  seriously  affected  by 
environmental  developments  ovci  the  next  two 
decades. 

The  environmental  projections  show  develop- 
ments that  will  adversely  affect  natural  production 
of  fish,  both  marine  and  freshwater,  and  that  will 
reduce  the  potential  for  both  freshwater  and  ma- 
rine aquaculture.  The  only  question  fs  how  soon 
will  the  adverse  effects  be  felt.  \ 

Feedback  from  both  continued  pcllution  of 
coastal  waters  and  the  loss  of  coastal  habitat  could 
significantly  affect  the  marine  fisheries  projec- 
tions. Discharges  of  oil,  pesticides,  heavy  metals, 
and  other  toxic  substances  are  expected  to  con- 
tinue to  increase,  especially  in  LDC  coastal 
waters.  By  1000,  the  impact  on  fisheries  may  not 
be  universal,  but  many  areas  will  ^perience  con- 
tinuing or  increasing  contamination  by  long-lived 
pollutants  that  may  decrease  production  region- 
ally or  severely  contaminate  marine  resources. 

The  continuing  losses  of  coastal  habitats — es- 
tuaries, salt  marshes,  mangrove  communities, 
etc.— ^may  not  lead  to  a  significant  global  decline 
in  marine  fisheries  by  2000.  Nonetheless,  it  is 
known  that  most  important  marine  species  are 
dependent  at  some  point  in  their  life  cycles  on 
such  habitats,  and  continued  loss  of  these  habitats 
must  ultimately  have  significant  impacts  on  ma- 
rine fisheries— impacts  that  could  begin  to  be  felt 
before  2000. 

An  example  illustrates  the  economic  signifi- 
cance of  coastal  marine  habitats  in  the  U.S.:  Es- 
timates made  in  the  northeastern  United  States 
and  the  Gulf  of  Mexico  demonstrate  tlat  fish  pro- 
duction alone  on  an  acre  of  submeijged  coastal 
wetlands  lias  an  annual  value  (in  1970  dollars)  of 
$380,  which  over  even  a  relatively  short  20*year 
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^  life  period  represents  $7,980  at  a  5  percent  dis- 

count  rate.  However,  for  everv  acre  coastal 
wetlands  dredged  or  filled .  the  production  of  two 
additional  acres  is  lost  because  of  the  resulting 
disruption  by  siltation  and  other  in^pacts.  As  a 
result,  a  single  acre  of  coastal  wetlands  lost  to 
dredge  and  fill  operations  represents  $23 .940  in 
lost  seafood  production  potential  alone.*  and 
coastal  wetlands  provide  many  other  ecological 
benefits  that  have  not  been  included  in  this  esti- 
mate.'**. 

Marine  fish  production  will  also  be  affected  by 
hydrologic  developments  on  the  land.  The  pro- 
ductivity of  coastal  waters  is  enhancedby  the  nor- 
mart  flows  of  rivers  and  the  sediments  and  organic 
matter  they  bring  to  the  ocean  food  chain.  This 
function  of  rivers  is  t)eing  increasingly  impaired 
by  large  dams  which  control  floods,  regulate 
flows,  and  trap  sediments  andtrganic  matter.  The 
food  and  the  water  projections  implicitly  assume 
that  a  large  number  of  dams  and  reservoirs  will 
be  constructed  by  2000.  The  importance,  magni- 
tude,  and  timing  of  the  resulting  impact  on  ocean 
fisheries  can  be  deduced  from  examples  but  can- 
no^  be  projectfcd  in  any  detail.  (In  some  cases  the 
impact  on  marine  fish  production  may  be  offset 
to  some  degree  by  new  fish  production  in  the  res- 
ervoirs.) The  effect  of  the  Aswan  Dam  on  the 
Mediterranean *s  sardine  fishery  is  a  well-known 
example  of  this  phenomenon. 

The  effects  of  irrigation  development,  in- 
creased sewage  discharge  from  LDC  cities,  and 
increased  use  of  pesticides  and  fertilizers  could 
seriously  affect  both  the  projected  freshwater 
catch  and  aquaculture.  Irrigation  development 
often  adversely  affects  habitats  for  freshwater  fish 
by  increasing  temperatures,  reducing  the  oxygen 
content  of  the  water  and  increasing  salinity.  The 
projected  increase  in  the  use  of  fertilizers  will  en- 
hance aiffil  blooms,  eutrophication,  and  depletion 
of  dissolved  oxygen  in  reservoirs  and  lakes.  Acid 
rain  from  increased  coal  combustion  will  acidify 
lakes  in  many  industrialized  nations,  eliminating 
the  use  of  the  lakes  for  aquaculture  or  the  natural 
production  of  fish.  Pesticide  residues  from  a  dou- 
bling to  a  quadrupling  of  pesticide  applications 
will  pollute  streams,  rivers,  reservoirs,  and  lakes 
killing  small  fish. 


•Theie  Hgures  are  not  intended  to  establish  a  precise  value  for 
coaital  wetlands  Eslimated'values  vary  widely  and  are  hard 
to  estimate  (See  "The  Value  of  Wetlands  '  in  Elinor  Under 
HorwiU,  Our  Nation  i  Wnlands  An  Interagency  Taik  Force 
Report,  OPO  stock  r  ^  041-01  l-<X)045-'9,  Washington  U  S 
Government  Printing  Office » 1978.  pp  2J^29)  The  figures  arc 
used  t«ft  onty  as  an  indication  of  real,  non  zero  valne  for 
coMtai  wetlands 
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Coastal  and^estuarine  breeding  and  spawning 
waters  for  many  oceanic  fish  will  also  be  affected,^ 
especially  in  regional  seas.  \ti  the  Mediterranean,  • 
for  example,  coastal  aquaculture,  which  now 
yields  165,000  tons  of  fish  each  year,  is  seri(^usly 
threatened  by  land-based  pollution,  as  are  the 
700,000  tons  caught  annually  in  the  open  Medi- 
terranean. The  $5.0  billion  price  tag  on  the 
cleanup  of  the  Mediterranean  Sea  is  well  justified 
by  the  benefits  of  conserving  these  fisheries  re-  * 
sources  as  wdl  as  the  100  million  visitor  per  year 
tourist  industVy  and  the  100  wetland  sanctuaries 
for  birds  and  marine  life.'^ 

Brackish-water  fish  ponds  line  the  coasts  of  < 
many  Asian  countries  and  yi^ld  highly  prized 
Chinese  milkfish  and  shrimp.  They  too  are  seri- 
ously threatened  by  pollution,  particulariy' pesti- 
cides in  runoff  but  also  by  toxic  substances  in 
municipal  and  industrial  effluents.^'  Paddy  rice 
cum  fish  culture  operations  are  also  jeopardized 
by  pesticides  in  water  and  an  important  nutritional 
impact  results,  since  snails,  crabs,  and  snwll  fish  ^ 
which  normally  inhabit  flooded  rice  paddies  are 
a  major  source  of  protein  for  farm  families 
throughout  Asia.'"  ^ 

*As  the  preceding  paragraphs  have  indica^d,  '* 
there  are  a  number  of  potential  and  apparentdis- 
crepancies  between  the  assumptions  of  the^fish- 
erics  projections  an.d  the  environr^iental 
projections,  rf  the  apparent  discrepanci«  could  ^ 
be  eliminated  in  the  analysis,  the  accumulative 
effects  of  the  envipnmental  trends,  in  conjunc- 
tion with  increasing  demands  for  fishery  products, 
could  lead  to  a  decrease  in  the  world's  total  fishery 
resources.  Tne  anticipated  environmental  devel- 
opments wilTcertainly  have  a  negative  effect  on  ^ 
these  resources  bec^iUse  the  trends  are  largely^ 
disruptive  and  poisoning.  When  these  effects 
would  be  felt  is  open  to  speculation,  but  there  i^  ^ 
a  distinct  possibility  that  the  adverse  effects  of 
continued  environmental  deterioration  will  have 
noticeably  affected  man^  fishery  resources  before 
2000.  ^ 

Feedback  to  the  Minerab  Projections 

The  environmental  projections  are  not  likely  t^ 
have  significant  direct  feedbacks  to  the  nonfuel 
minerals/projections  because  mineral  production 
is  not  particularly  sensitive  to  environmental  con- 
ditions. A  change  in  air  quality,  for  example,  has 
little  direct  effect  on  mining. 

There  are  indi'^ect  feedbacks,  however,  that 
may  be  significant.  As  land  disruption,  water  pol- 
lution,  and  air  pollution  affect  iiuman  health  and 
the  nonmining  sectors  of  th^  economy,  human 
institutions  (e.g.,  governmf   i,  insurance  com- 
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panics,  etc.)  impose  further  regulations  that 
will  reduce  the  environmental  impacts  of  mining 
and  increase  mining  costs, 
.  The  nonfue)  mineral  projections  are  not  based 
on  any  explicit  environmental  assumptions. 
Implicitly,  they  assume  that  environmental  reg- 
ulations wil!  not  significantly  constrain  world  min* 
ing  activities  over  the  next  two  decades.  They 
assume  further  than  the  nonfuel  minerals  sector 
Ivill  receive  all  of  the  water  and  energy  needed 
for  the  projected  growth.  All  oflhese  assuqigtiops 

^       are  somewhat  questionable.  4 

[y  ^ter,  for  example,  is  needed  in  the  mining 
aitd  processing  of  both  fuel-mineral  and  nonfuel- 
mineral  ores,  and  water  availability  could  be  an 
important  constraint.  While  the  Amounts  needed 
for  mining  are  relatively  smi^ll  (in  the  U.S.  tney 
amount  to  only  about  2  percept  of  total  with- 
drawals), and  while  the  water-quality  require- 
ments are^elatively  Mow,  water  resources  will 
become  increasingly  constrained  everywhere. 
Competition  for  water  between  agriculture,  min- 
erals development,  and  energy  production  will 
become  much  more  intense  in  the  years  ahead. 

The  use  of  energy  in  mining  and  refining  may 
be  more  troubling.  The  energy  requirements  of 
declining  ore  grades  has  not  yet^been  examined 
carefully,  and  the  economics  of  mining  will  cer- 
tainly be  affected  by  further  increases  in  energy 
costs.  The  economic  recoverabitity  of  soine  re- 
sources now  classed  as  (economically  recovera- 
ble) reserves  njay  even  be  affected  if  energy  prices 
continue  to  rise  sharply. 

Finally,  laws  and  regufations  to  preserve  envi- 
ronmental quality  may  be  tightened  in  the  future 
as  the  projected  increases  in  mining  and  refining 
activities  impact  on  land.^air,  aqd  water  resources. 
However,  the  assumptions  underlying  the  projec- 
tions— no  tigntening  of  the  laws  and  regulations 
controlling  the  eii(vironmental  impacts  ^f  min- 
ing—are  consistent  with  the  Global  ?(XX)  Study's 
overall  assui)()ption  of  no  policy  change^is^w^en 
the  presen:  and  the  year  2000.  ^ 

s  FfMilMKk  to  the  Energy  ProJcctkHis 

Like  the  nonfuel  minerals  projection,  little  or 
no  direct  environmental  feedback  is  expected  to 
'commercial  energy  production  (coal,  oil,  gas,  plus 
nuclear  and  hydro  generation)  in  the  industrial- 
ized nations,  but  significant  feedback  may  be  in- 
volved in  the  LDCs*  use  of  organic  fuels. 

The  energy  and  fuel  mineral  projections  do  not 
make  expncit  assumptions  about  the  future  en- 
vtronmeif^t  but  implicitly  assume  that  environ- 
mental and  regulations  will  not  limit 
development  or  significantly  increase  costs  over 
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the  next-two  decades.  The  energy  projections  as- 
sume further  that  there  will  be  ho  constraints  on 
the  water  or  energy  needed  for  energy  develop- 
ment. 

Large  amounts  of  water  are  needed  for  coal  . 
mining,  synthetic  fuel  production,  and  oil-shale 
production,  and  at  least  in  the  arid  west,  these 
water  needs  will  conflict  with  mining  and  agri- 
cultural needs.  In  1978,  the  U.S.  Water  Resource 
Council  anticipated  increasing  piessures  on  water 
resources  in  the  Missouri  and  Upper  Colorado 
River  basins,  where  coal  and  oH-shale  mining  are 
developing,  bu*  beyond  thos?  areas,  the  Council 
foresaw  no  other  major  conflicts  between  the 
water  needs  of  the  coal  industry  and  of  other  water 
users.'*^  The  water  picture  in  the  if.S.  may 
change,  however,  if  there  is  a" significant  increase 
in  the  production  of  synthetic  fuels,  which  require 
large  amounts  of  water. 

Water  for  evaporative  cooling  at  nuclear  and 
coal-powered  electric  generating  plants  may  also  ^ 
present  problems  in  some  areas.  In  Western  Eu- 
rope, for^example,  withdrawals  for  evaporative 
cooling  may  present  a  constraint  when  added  to 
all  other  water  demands.  In  the  U.S.,  consump- 
tive cooling  water  withdrawals  are  expected  to  be 
the  fastest-growing  component  of  water  use  over 
the  1975-2000  period,  increasinj>om  1.3  to  7.8 
percent  of  total  water  consumption.  Ovicrall, 
water  can  be  expected  to  become  more  of  a  con- 
straint than  is  assumed  in  the  energy,  agriculture, 
and  nonfuel/ninerals  projections. 

Like  waffir,  energy  itself  is' a  critical  input  in 
energy  development.  The  energy  projections -im- 
plicitly assume  that  adequate  energy  will  be  avail-  > 
able  for  energy  development,  conversion,  and  ^ 
delivery.  In  fact,  ^he  energy  efficiency  o^he  en-        ^  ? 
ergy  sector  (end-use  energy  supplied  per  unit  of 
primary  energy  u*d)  may  decrease  t.     result  of  % 
the  projected  increases  in  primary  energy  con-  \ 
version  to  secondary  energy  forms,  especially 
electricity  and  (perhaps)  synthetic  fuels.  This 
means  that  the  energy  sector  itself  will  require 
increasing  amounts  of  primary  energy  in  order  to 
supply  a  given  amqunt  of  end-use  energy  need  in 
the  economy.  Net  energy  analysis  and  energy  ef- 
ficiency are  not  a  part  of  the  current  energy  pro- 
jections, and  its  seems  likely  that  the  energy 
efficiency  of  the  energy  sector  will  be  examined 
more  extensively  in  the  years  ahead.  Ultimately, 
some  of  the  assumptions  underlying  the  energy 
projections  may  be  brought  into  question. 

Energy  development  in  the  industrialized  na- 
tions will  produce  significant  environmental  im- 
pacts over  the  next  two  decades,  aiKi  the  laws  and 
regulatiof^  relating  to  its  development  may  change 
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significantly.  The  energy  projections,  however, 
assome  no  change  in  environmental  regulations 
and  /K).  significant  increases  in  the  cost  of  envi- 
ronmental  protection.  This  assumption  is  consist- 
ent with  the  Global  2000  Study's  overall  assumption 
of  no  policy  change. 

.  In  the  LDCs,  there  will  be  feedback  from  the 
environmental  projections  to  the  energy  projec- 
tions in  two  ways.  First,  deforestation  from  all 
causes  Will  contribute  to  the  growing  shortages  of 
fuelwood.  Second,  deteriorating  range  conditions 
may  reduce  the  amount  of  dung  available  for  fuel. 

FecdiMck  to  the  GNP  ProJ^ions 

The  feedback  of  the  evironmental  projections 
to  the  ONP  projections  (and  also  to  the  popula- 
tion projections,  which  are  considered  next)  i% 
mpre  complex  than  the  feedbacks  considered  so 
far.  The  complexities  arise  both  from  the  several 
through  which  environmental  feedback^ 
imluences  GNP  and  from  the  indirect  nature  of 
the  feedbacks. 

Environmental  developments  influence  GNPin 
at  least  three  different  ways.  One  way  is  through" 
the  influence  that  enviroinicntal  developments 
have  on  individual  economic  sectors,  which  in  turn 
influence  the  total  GNP.  Another  is  through  the 
mfluencc  that  human  hialth  has  on  GNP.  Finally, 
the  economic  activity 'associated  wjth  environ- 
mental protection  efforts  also  influences  GNP. 

These  three  linkages  from  the  envirbnment  to 
GNP  are  not  easily  discerned  in  the  assumptions 
that  underly  the  GNP  projections.  While  there 
are  no  explicit  environmental  assumptions  in 
those  projections,  they  seem  to  assume  implicitly 
that  the  environment  will  continue  to  provide  each 
economic  sector  with  the  same  goods  ard^rvices 
as  in  the  past,  but  in  substantially  increased 
amounts,  without  inierruption  and  without  in- 
crease in  cost  (generally  taken  to  be  zero).  The 
discrepancies  that  follow  ifrom  this  assumption 
are,  of  course,  somewhat  different  for  the  indus- 
trialized countries  than  for  the  LDCs. 

iFeedback  to  the  Industrialized  Economies. 
Feedback  from  the  environment  through  the  var- 
ious sectors  of  the  economy  have  been  discussed 
in  the  preceding  sections  on  forestry,  water,  food, 
fisheries,  nonfuel  minerals,  and  energy.  These 
,  feedbacks  involve  parts  of  the  environment  that 
are  economically  valued  (e.g.,  land  and  forests), 
as  well  as  parts  that  are  hot  valued  eCtonomi^lly 
(e.g.,  populations  of  predator  insects).  An  at- 
tempt has  been  made  to  include  in  these  discus- 
sions a  few  indications  of  the  costs  of  lost 
environmental  godds  and  services.  (The  estimated 


loss  of  seafood  production  totaling— by  one  csti-^ 
mate— nearly  $24/)00  for  each  acre  of  dredged 
coastal  wetlands  is  but  dftf  example.*)  Unfortu- 
nately ,  available  data  on  f  uch  losses  are,so  incom- 
pletQ^jthat  the  cost  figures  cannot  even  be  termed 
spotty^but  they  make  a  basic^ point:  The  goods 
and  services  provided  by  the  environment— from 
the  decomposition  of  wastes  to  thp  absorption  of 
oarbon  dioxide—contribute  substantially  b'iit  sub- 
tly to  the  GNP  in  each  Gnomic  sector.  Projected 
losses  iff  environm^ental  g9ed|and  services  will 
significantly  affect  every  economic  sector,  but  es- 
pecially— but  not  exclusively— those  involving  re- 
li^^wable  resources. 

There  will  also  be  feedback  from  the  nonre- 
newable resource  sectors.  For  example,  different 
energy  strategies  allow  for  comparable  degrees  of 
environmental  protection  with  very  different  cap- 
ital fand  GNP)  impfTcations.  All  of  the  projections 
are  biased  on  the  assumption  of  no  capital  con- 
straints. In  actual  fact,  capital  is  scarce  and  ex- 
pensive, and  intense  compejtition  among  the 
sectors  can  be  expected  over  the  next  two  decades 
as  efforts  are  made  to  develop  a  new  energy  econ- 
omy, raise  food  production,  increase  water  avail- 
ability, increase  mineral  production,  and  protect 
the  environment.  Increasing  costs  of  obtaining 
many  resources  can  be  expected  to  contribute  to 
inflation  and  capital  scarcity,  thus  indirectly  af- 
fecting GNP.  > 

Feedback  from  environmental  protection  ef- 
forts to  GNP  is  also  subtle  and  complex.  No  stud- 
ies have  yet  been  done  of  this  feedback  for 
industrialized  economies  as  a  group,  but  the  issue 
has  been  examined  for  the  U-.S.  economy. 

The  d.S.  study,  recently  don#  .by  Data  Re- 
sourceji.  Inc.  (DRI)  for  the  Environmental  Pro- 
tection Agency  (EPA),  analyzes  the  economic 
effects  of  federal  air  and  water  pollution  control 
programs  over  the  197(>^  period.  The  DRI  study 
arrived  at  the  following  conclusions: 

•  The  extra  investment  required  for  the  federal 
air  and  water  pollution  control  programs  has  a 
positive  economic  effect  until  1981,  after  which 
it  turns  slightly  negative  due  to  inflation  and 
reduced  productivity.  As  a  resuh  the  real  GNP 
would  6e  1.0  percent  lower  at  the  end  of  the 
period  than  if  there  has  been  no  incremental 
pollution  control  expenditures. 


The  figures  used  here  are  only  lilustrative  Estimates  varv 
widely.  (See  'The  Value  of  Wetlands."  m  Elinor  Under  Hor- 
wite.  Our  Nation's  Weilandf  An  Interagen^v  Task  Forced  Re- 
po^.  GPO  Stock  No.  (MMII-0U045-9.  Washington:  US 
Government  Pnntmg  Office.  1978.  pp  28-29 
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•  The  federal  air  and  water  pollution  controi  pro- 
grams are  slightly  inflationary,  adding  0.3  per- 
cent to  the  overall  rate  o^  inflation  each  year 
through  1986. 

•  Employment  benefits  remain  constant,  even 
'     after  construction  ends,  due  to  the  labor  needed 

in  operation  and  maintenance  of  pollution  con- 
trol equipment  and  installations.^*^ 

At  the  time  of  the  DRI  study  s  r'^se,  EPA  s 
administrator  pointed  out  that  the  DRI  study  did 
not  measure  many  of  the  benefits  of  cleaner  air 
and  water,  and  as  a  result  depicted  the  worst  pos- 
sible economic  impact.  Had  the  study  been  more 
complete,  the  negative  impacts  might  have  been 
largely  counterbalanced  or  outweighed  by  consid^ 
eration  of  betieflts  such  as  enhAiced  agricultural 
production,  greater  flsh  harvests,  lower  mainte- 
nance and  depreciation  costs /for  jnaterials  and 
processes  affected  by  air  and  water  pollution,  and 
fKiproved  health.'^ 

The  EPA  administrator's  comments  on  the  DRI 
study  refer  to  the  thircUype  of  feedback  from  the 
environment  to GNI^n^mely t^^linkage through 
human  health.  While  again  no  Midies  for  the  in- 
dustralaed  nation^  as  a  group  have  been  done, 
the  impacts  of  air  pollution  on  human  health  in 
the  U.S.  have  been  studied  in  a  report,  alsq^ pre- 
pared for  EPA,  by  a  group  of  resource  economists 
at  the  University  of  Wyoming.  Completed  in 
1979,  the  study  documents  a  very  significant  lin- 
kage between  environment,  health,  and  GNP.  It 
concludes  that  the  health  benefits  from  a  60  per- 
cent reduction  in  air  pollution  wduld  amount  to 
a  total  annual  savings  of  $40  billion  ($185  per 
person) — $36  billion  representing  a  decrease  in 
illnesses  and  $4  billion,  ?  decrease  in^  mortality 
rates. ^  The  major  health  benefits  associated  with 
the  reduction  in  air  pollution  particulates  were 
more  on-the-job  time  for  everyone  and  increased 
productivity  of  those  people  suffering  from  chronic 
illnesses  associated  with  air  pollution.  The  Envi- 
ronmental Protection  Agency^^ti  mated  on  the 
basis  of  the  figures  above  that  the  12  percer:  de- 
*  crease  in  paYticulates  blone  that  has  been  achieved 
between  1970  and  1977  provides  $8  billion  in 
health  benefits  each  year  compared  to  the  total 
1977  expenditures  on  all  air  pollutants  from  sta- 
tionary sources  (the  primary  sources  of  particu- 
lates) of  $6.7  billion.^^ 

The  linkages  between  the  environment  and 
GNP  involve  a  numt^r  of  subtleties;  the  linkages 
through  human  health  and  soil  conditions  provide 
two  interesting  examples.  In  the  case  of  human 
-  heLlth,  improvements  in  air  quality  increase  pro- 
ductivity and  time  on  the  job,  both  of  which  con- 


tribute to  increased  GNP.  But  these  are  not  the  ^ 
only  effects.  An  improvement  in  health  reduces 
the  goods  and  services  delivered  by  the  medical 
sector  of  the  economy,  thus  diminishing  GNP. 
Similar  subtleties  occur  in  the  case\)f  soil  health. 
Declines  in  soil  quality  due  to  compaction  and 
erosion  are  known  to  be  occurin/ widely  in  the  * 
U.S.,  but  by  replacing  lost  fertility  with  energy- 
intensive  inputs,  declining  soil  productivity  may 
actually  increase  GNP — but  at  the  cost  of  (among 
other  things)  increased  dependence  on  fn'eign 
sources  of  energy.  These  two  examples  suggest 
that  in  industrialized  countries  the  linkages  be-  ^ 
tween  environmental  developments  and  GNP 
may  be  quite  different  from  the  linkages  between 
environmental  developments  and  national  wel- 
fare. • 

Feedback  to  the  LDC  Economies.  The  model 
used  to  develop  GNP  projections  for  the  LDCs 
makes  environmental  assumptions  that  are  similar 
to  those  contained  in  the  GNP  models  of  indus- 
trial economies.  Neither  of  the  GNP  models 
makes  explicit  assumptions  about  goods  and  serv- 
ices provided  by  the  environment;  both  assume 
implicitly  that  environmental  goods  and  services 
will  be  available  without  interruption  in  much 
larger  quantities  and  at  no  increase  in  cost.  Fur- 
thermore, in  the  case  of  the  model  of  the  LDC 
economies,  it  is  assumed  that  environmental  con- 
siderations are  relatively  unimportant  compared 
with  trade  with  developed  nations.  This  last  as- 
sumption is  inherent  in  the  inodefs  structure,  un- 
der which  the  LDC  economies  are  assumed  to 
expand  only  through  trade  with  industrialized 
countries,  and  as  a  consequence,  can  grow  only 
when  industrial  economies  are  growing.  This  last 
assumption  has  been  questioned  both  as  to  its 
necessity  and  its  desirability  for  the  LDCs. 

Actually,  the  same  three  types  of  hnkages  relate 
environmental  developments  to  GNP  in  the  in-  ' 
dustrialized  countries  as  in  the  LDCs.  The  three 
linkages — through  the  economic  sectors,  through 
human  health  and  productivity,  and  through  ex- 
penditures on  environmental  protection — are 
probably  even  more  important  in  determining 
GNP  (and  welfare)  in  the  LDCs  than  in  the  in- 
dustrialized nations. 

Linkages  through  the  economic  sectors  illus- 
trate this  last  point.  In  the  LDCs,  the  industrial 
sectors  (such  as  oil,  chemicab,  steel,  and  manu- 
facturing) are  by  definition  less  developed  (i.e., 
industrialized),  and  the  economic  secton  based 
on  renewable  resources  (forestry,  fisheries,  agri- 
culture) are  the  economic  mainstays  of  the  do- 
mestic economy.  Environil|ental  deterioration 
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Strongly  affects  the  renewable  resource  sectors. 
D^furcsiaiion  is,  simply  put,  a  matter  of  living 
from  biological  capital,  not  from  its  dividends, 
and  the  LDCs'  tropical  forest  capital  will  largely 
be  spent  by  2000.  Fuelwood  shortages  will  in- 
crease the  use  of  dung  for  fuel,  reducing  the  re- 
cycling of  nutrients  to  the  soil,  and  so  will 
adversely  affect  the  agricultural  sector.  Defores- 
Ution  will  exaggerate  peak  and  minimum  stream- 
flows,  which  will  increase  erosion,  degrade  water 
quaUty,  and  reduce  productivity  in  the  agricultural 
and  fisheries  sectors.  Overgrazing  will  deplete 

^  grass  and  range  land  resources,  which  will  speed 
up  desertification  and  adversely  affect  the  agri- 
cultural sector.  Efforts  to  increase  agricultural 
production  with  pesticides,  fertilizers,  and  irri- 
gation ^tl^ll  require  increasingly  expensive  cnergy- 

^  intensity  inputs,  which  may  in  turn  intensify  bal- 
ance of  payment  problems  to  a  greater  extent  than 
they  increase  domestic  GNP^e  projected  quad- 
rufrfing  of  agricultural  chemical  usage  would  also 
adversely  affect  the  fisheries  sector.  In  short  .^pro- 
jected environmental  developments  iji  the  LDCs 
can  be  expected  to  have  pervasive  adverse  effects 
on  GNP  through  the  vitally  important  agricul- 
tural, forestry,  and  fisheries  sectors  of^he  econ- 
omies. 

^The  effects  of  environmental  developments  on 
GNP  via  human  health  and  productivity  are- 
equally  strong.  The  projected  increases  in  urban- 
ization in  the  absence  of  adequate  sewage  and 
pofable  Water  facilities  can  only  lead  to  significant 
increases  in  the  incidence  of  fecally  related  con- 
tagious disease  and  morbidity  generally.  The 
quadrupled  use  of  pesticides  will  (and  already  h^s) 
lead  to  major  increases  in  worker  illness  and  poi- 
soning. The  water  development  projects  implied 
by  the  food  projections  will  expand  habitats  for 
disease  vectors,  increasing  the  incidence  of  schis- 
tosomiasis, river  blindness,  and  malaria.  Wide- 
spread malnulritioh  will  complicate  the  increased 
morbidity.  The  combined  effects  of  the  projected 
environmental  developments  can  be  expected  to 
significantly  reduce  human  productivity  and  GNP 
in  the  LDCs. 

,  To  date  many  of  the  LDCs  have  not  made  ma- 
jor investments  industrial  pollution  control 
technologies,  and  the  GNP  projections  assume 
that  laws  and  regulations  affecting  industrial  pol- 
lution control  expenditures  in  the  LDCs  will  not 
be  inacised  significantly  over  the  next  two  dec- 
ades. This  assumption  is  consistent  with  the 
Global  2000  Studv^s  overall  assumption  of  no  pol- 
icy change. 

In  the  absence  of  stringent  pollution  control 


may  find  the  LDCs  increasingly  attractive  sites  for 
their  plants.  Industries  involved  in  the  production 
of  toxic  substances  may  become  especially  inter- 
ested in  LDC  locAions.'^''  Increased  industrial 
activity,  even  of  the  highly  fJollihing  sort,  may 
increase  the  GNP  of  LDC  economies— and  per- 
haps even  national  yvelfare— bm  before  this  pos- 
sibility is  accepted  as  valid,  the  adverse  effects  of 
the  pollution  on  other  economic  sectors  and  on . 
hf'man  productivity  need  to  be  examined  care- 
•fully.*. 

In  TOlh  LDCs  andindustrializecf  Countries,  en- 
vironmental d^veldpmenti>  influence  GNP  di- 
rectly through  economic  sectors,  indirectly  through 
human  health  and  productivity,  and,  subtly, 
through  expenditures  on  environmental  protec- 
tion. The  Global  200(rstudy's  projections  of  GNP 
make  no  explich  assumptions  about  the  environ- 
ment but  implicitly  assume  that  environmenfal 
developments  will  not  reduce  GNP  growth  in 
either  developed  or  developing  cquntries.  A  com-  - 
parison  of  thirassumption  with  tlje  prece(i(ing  par- 
\jgraphs  reveals  many  discrepanties.  While  it  is 
•^ot  possible  to  modify  the  GNP  projections  to 
eliminate  these  discrepancies,  a  more  adequate  ' 
consideration  of  environmental  developments  in 
"  tne  GNP  projections  would  probably  lead  to  lower 
estimates  of  GNP  growth,  especially  in  the  LDCs, 
In  any  case,  environmental  deterioration'will  im- 
pair the  quality  of  life  in  both  industrialized  and 
developing  countries,  and  "additions"  to  GNP 
required  to  offset  pollution  or  health  damages 
might  more  Kpp^rjy  be  substituted  since  tkfey  do 
not  involve  a  net  increase  in  desired  goods  and 
services.     *  *  * 

Feedback  lo  the  Population  Projections 

Feedback  from  the  environmental  projections 
.  to  future  population  levels  occurs  through  the  ef- 
fects of  environmental  changes  on  health,  mor- 
tality, fertility,  and  migration^  The  feedback 
through  health,  mortality,  and  fertility  will  be 
most  significant  for  the  LDC  population  projec- 


•M.  Greg  Blochc.  a  Yak  medical  student,  has  recently  inter- 
viewed the  minister  of  health  in  the  People's  Republic  of  China 
on  the  subject  of  the  environmental  and  health  impacts  of 
industnalization.  He' reports  that  China  is  having  the  same 
difficulties  as  industrialized  nations  in  coping  with  rapid  in- 
creases (a  doubling  over  two  decades)  in  the  illnesses  of  in- 
dustrialization—cancer,  hypertension,  and  heart  disease^.  He 
also  reports  familiar  tensions  in  farefully  and  objectively  ex- 
vnining  the  merits  of  environmental  standards  and  quotes  the 
minister  of  health  as  remarking  tersely  'Of  course  the  Min- 
istry of  Health  wantu  high  standards  and  the  Ministry *of  In- 
dustry wants  low  standards,  You  can  spend  less  money  on  low 
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laws  and  regulations,  multlnationai  corporation^  rc^ml'n^Mn^?'*  ^.''^''^u^^'l'""  ''"'^ 
engaged  in  highly  polluting  industrial  processes      ^^27/  '  ^"P 


ENVIRONMENT  PROJECTIONS 


425 


tions.  The  feedback  through  migration  will  also 
affect  LDC  demographics  to  a  small  extent  and 
will  have  a  relatively  long-lasting  effect  dn  pop- 
^      ulations  in  some  industrialized  nations. 

Feedback  to  the  Population  Projections  for  the 
LDCs.  The  environmental  assumptions  underly- 
^  ing  the  LDC  population  projections  are  lately 
subassumptions  of  the  fertility  and  mortality  rate 
assumptions.  Fertility  rates  and  mortality  rates 
arc  not  projected  by  the  population  model,  but 
rather  are  fed  into  the  mocjel  as  a  large  number 
of  time-series  assumptions/projections.  The  en- 
vironmental assumptions,  underlying  the  exter- 
nally developed  fertility  and  mortality  projections 
are  the  assumptions  that  need  examining  here^ 
«  To  understand  how  environmental  assumptions 
enter  into  the  fertility  and  iftortality  assumptions/ 
projections,  the  methods  by  which  these  projec- 
tipns  were  developed  must  fir^t  b^  reviewerf^ 
briefly  (a  more  detailed  explanation  will  be  found 
in  Chapters  2  and,  15).  llie  process  is  basically 
this:  The  fertility  rate  (or  mortality  rate)  for  the 
base  year  is  estimated  on  the  basis  of  available ' 
data  and  is  thc^  projected  forward  iatime,  using 
one  or  two  methods — either  a  general  continua- 
tion of  past  trends  or  the  establishment  of  a  **tar- 
get"  figure  for  the  final  year  of  the  projection. 
Under  both  approaches,  the  projected  fertility 
rate  (or  mortality  rate)  is  adjusted  upward  or 
downward  to  take  into  account  assumed*  influ- 
ences of  the  environment  and  other  factors,  such 
as  the  availability  of  family  planning  services.* 
There  are  two  environmentally  related  assump- 
tions used  in  developing  and  adjusting  the  pro- 
jections of  the  LDC  fertility  rates:  (1)  continued 
moderate  social  and  economic  progress  in  all 
^  LDCs  throughout  the  projection  period  and  (2)- 
'  a  more  or  less  continuous»deciine  in  fertility  rates 
throughout  LDC  societies  caused  in  part  by  the 
assumed  continuation  of  social  and  economic 
progress.  The  environmentally  related  assump- 
tion underlying  the  mortality  rata  ^sumption/pro- 
jection is  basically  thatj  to  the  extent  that  improved 
sanitation,  nutrition  and  env/ronmental  condi- 

*At  the  request  of  the  U  S,  Agency  for  Int^national  Devel- 
opment, two  sets  of  demographic  projections  were  developed 
for  the  Global  20UO  Study  One  ^t  was  developed  by  the  U  S 
)  Bureau  of  the  Census,  the  other  by  the  Community  and  Family 
Snady  Center  (CFSC)  of  the  University  of  Chicago  The  two 
projections  use  basically  the  same  envirorfmentai  assumptions 
but  differ  significantly  in  their  assumptions  concerning  the  ef- 
fectiveness of  family  planning  progams  Further  details  onlhe 
differences  between  the  two  sets  of  projections  is  provided  in 
Chapters  2  and  15  and  in  Paul  Demeny.  "On  the  l^nd  of  the 
Population  Explosion."  Population  and  Devehpment  Review. 
Mar  1979,  pp  141-^2.  and  in  Donald  J  Bogue^nd  Amy  Ong 
Tsui.  "A  Rejoinder  to  Paul  Demeny's  Critique."  May  1979 
(draft  submitted  to  Population  and  Development  Review) 
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tions  have  led  to  decreased  mortality  rates  in  the 
past,  continued  improvements  will  lead  to  similar 
decreases  in  mortality  rates  m  the  future. 

There  appear  to  be  a  number  of  discrepancies 
between  the  Global  2000  Study's  low-fertility, 
low-mortality  ()opillation  assumptions/projections 
and  the  Study's  environmental  projections.  The 
population  projections  assume  continued  im- 
provements in  human  welfare  throughout  LDC 
societies.  Discrepancies  between  this  assumption 
and  the  environmental  projections  can  be  seen  for 
large  aggregate  areas  of  the  LDC  nations,  for 
large  rural  LDC  areas,  and  increasingly  for  LDC 
urban  areas. 

The  assumed  continued  moderate  social  and 
economic  progress  throughout  the  LDCs  appear 
to  be  contradicted  by  trends  in  GNP,  food,  and 
energy.  The  per  capita  GNP  projections — even 
without  correction  for  decreased  goods  and  serv- 
ices from  the  environment — do  not  show  mod- 
erate increases  throughout  the  LDCs.  In  the 
medium  case,  growth  in  per  capita  G^P  slows  to 
0.1  percent  per  year  for  parts  of  Soi.th  A*sia  for 
the  1985-2000  period.  Per  capita  GNP  growth  for 
the  entire  African  continent  slows  to  less  than  1.4 
percent  per  year  for  the  same  period,  and  al- 
though figures  for  the  poorest  countries  in  Africa 
are  not  available  separately,  they  are  certain  to 
be  much  lower  than  the  continental  average.  Food 
consumption  per  capita  does  not  show  moderate 
increases  throughout  the  LDCs.  For  the  LDCs 
overall,  per  capita  daily  caloric  consumption — 
again,  with  no  recuctions  for  anticipated  environ- 
mental problems — increases  only  slightly,  from  93 
percent  of  FAO  minimum  standards  for  the  1973- 
74  period  to  94  percent  in  2000.  This  single  per- 
centage point  increase  masks  declines  for  the 
poorest  LDC  nations  and  for  the  poorest  classes 

-  in  all  LDC  societies.  Per  capita  daily  calorie  CQn- 
sumption  in  the  Central  African  LDCs  falls^from 
90  percent  of  FAO  minimum  standards  for  the 

.  1973-74  period  to  77  pefcent  in  2000.  *  The  energy 
sector  will  also  affect  health.  The  projected  dou- 
bling of  world  energy  prices  will  force  the  LDCs, 
chronically  short  of  foreign  exchange,  to  depend 
increasingly  on  domestic  organic  fuels.^  But  the 
Food  and  Agriculture  Organization  projects  that 
by  1994  there  will  be  a  fuelwood  shortfall  of  650 
million  cubic  meters  annually,  appipximatety  one 
quarter  t)f  the  fuelwood  consumption  projected 
by  FAO  for  the  year  2000.  The  health  hazards 
associated  with  undercooked  foods  and  inade- 
quate heat  are  well  known.  In  short,  the  aggregate 

*The  figures  for  per  capita  daily  calorie  consumption  ure  from 
Alternative  III  of  ttie  food  and  agriculture  projections  in  Chap- 
ter 6— the  only  alternative  that  includes  increasing  energy 
costs. 
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projections  of  GNP,  food,  and  cnergy^veji 
without  any  correction  for  environmental  deteri- 
oration—do not  suggest  continued  moderate 
progress  for  all  segments  of  the  pupulati6ns 
throughout  the  LDCs. 

Beyond  the  broad,  aggregate  tren(ls,  rural  LDC 
areas  will  experience  problems  uniquely  their 
own.  The  pressure  on  all  agricultural  lands  will 
increase  enormously.  The  number  of  persons  that 
will  have  to  be  supposed  per  arable  hectare  will 
increase  from  2.9  in  the  1970-75  period  to  5.3  by 
2000.  The  expansion  of  irrigation  facilities  im- 
plicitly assumed  in  the  food  projections  will  sub- 
stantially  increase  habitats  for  disease  vectors. 
Malaria-carrying  mosquitos  are  developing  pro- 
gressively greater  resistance  td  the  major  pesti- 
cides used  to  control  them.  The  quadrupled 
of  pesticides  assumed  in  the  food  and  agriculture 
projections  will  lead  to  increased  pesticide  pol- 
lution and  poisonings. 

The  largest  impacts  6n  LDC  health,  however, 
may  occur  in  the.  urban  areas.  Over  the  last 
quarter  of  this  century  the  urban  population  of 
the  world  is  projected  to  increase  from  39  percent 
to  ahnost  50  percent.  The  largest  increases  will 
occur  ia  LDC  cities.  Mexico  City  is  projected  to 
Increase  from  10.9  million  in  1975  to  31.6  million 
in  2000,  roughly  three  times  the  present  popula- 
tion of  metropolitan  New  York  City.  Calcutta  is 
projected  to  reacf.  nearly  twice  New  York's  pres- 
ent population  by  2000.  Jakarta's  population  more 
than  triples  to  reach  16.9  million.  Altogether,  it 
is  projected  that  1.2  billion  additional  persons— 
roughly  a  quarter  of  the  present  total  worid  pop- 
ulation—will be  added  to  LDC  cities,  and  the 
most  rapid  growth  will  be  in  uncontrolled  settle- 
ments, where  populations  are  now  doubHng  every 
5-7  yMTS.  Financial  resources  are  not  likely  to  be 
available  to  the  poor  in  uncontrolled  settlements 
or  to  their  city  governments,  even  for  providing 
safe  water.  Scwagefacilities  will  be  limited  at  best. 
Fecally  related  diseases  can  be  expected  to  in- 
crease. The  forestry  and  energy  projections  sug- 
gest that  warm,  dry,  uncrowded  housing  will  be 
even  less  available  than  now— a  condition  that 
will  foster  the  transmission  of  contagious  diseases. 
Pathogen  resistance  to  the  least  expensive  anti- 
biotics and  other  drugs  is  becoming  more  common 
in  the  treating  of  many  diseases,  including  ma- 
laria, typhoid,  dysentery,  and  the  venereal  dis- 
eases. This  increased  resistance,  along  with 
continued  malnutrition,  will  make  epidemics  more 
frequent  and  harder  to  control. 

Overall,  there  appear  to  be  significant  discrep- 
ancies between  the  environmental  projections  and 
the  assumptions  underlying  the  population  pro- 
jections for  the  LDCs.  If  it  were  possible  to  cor- 
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rect  these  discrepancies  by  incorporating  feedback 
from  environmental  orojections  into  the  demo- 
grapjiic  projections  for  the  LDCs,  some  signifi- 
cant  numerical  changes  would  probably  occur. 
The  projections  for  Pakistan  are  a  case  in  point. 

The  environmental  and  other  projections  for 
Pakistan  do  not  support  the  general  assumption 
underlying  the  population  projections,  namely, 
continued  moderate  increases  in  social  and  eco- 
nomic welfare.  Even  before  any  environmental 
considerations  are  taken  into  accoufit,  growth  in 
Pakistan's  per  capita  GNP  is  projected  essentiallV 
to  come  to  a  halt  during  the  1985-2000  period', 
and  there  are  many  environmental  considerations 
to  be  taken  into  account  in  Pakistan.  Virtually 
every  environmental  feedback  discussed  in  the 
past  few  paragraphs  applies  to  Pakistan.  Thercr 
fore,  to  the  extent  that  the  fertility  and  mortality 
rates  for-Pakistan  were  assumed  to  be  lowered  by 
continued  moderate  increases  in  social  and  eco- 
nomic welfare,  the  rates  are  too  low.  If  environ- 
mental feedbacks  had  been  explicitly  taken  into 
account,  life  expectancies  might  have  been  pfp. 
jdcted  to  remain  about  the  same  pr  t^  increase 
oflly  slightly  ratker  than  to  rise  by  an  average  of 
nine  years.*  Si^ilariy,  something  less  than  a  28 
•  percent  decline  in  the  crude  birth  rate  (from  44.54 
to  32,12)  might  have  been  anticipated,  even  with 
a  fairly  strong  family  planning  prog^ram. 

If  environmental  feedback  were  to  be  explicitly 
considered  throughout  the  population  projec- 
tions, analogous  adjustments  would  be  necessary 
in  the  projections  for  many  other  LDC  countries 
including  Haiti  Thailand,  N:exico,  India,  Indo- 
nesia, Bolivia  Bangladesh,  and  the  countries  of 
sub-Saharan  Africa. 
-  Feedback  to  the  Population  Projections  for  the 
indtistrialized  Countries.  The  feedbacks  to.  the 
population  projections  for  the  industrialized  na- 
tions are  relatively  few  compared  to  those  for  Ihe 
LDC  population.  The  linkages  are  primarily 
through  the  health  implications  of  energy  devel- 
opment and  through  migration. 

The  energy  projections  show  cleariy  that  by 
2000  a  transition  away  from  petroleum  must  be 
well  in  progress  for  most  industrialized  nations. 
The  choices  lie  along  a  spectrum  that  ranges  from 
the  soft  path  (a  highly  efficient  energy  sector  using 
a  minimal  amount  of  primary  energy  drawn  as 
much  as  possible  from  solar  and  other  renewable 
sources)  to  the  hard  path  (a  relatively  inefficient' 
energy  sector  using  relatively  large  amounts  of 
primary  energy  drawn  from  coal  and  nuclear 
t 

•For  females,  the  projected  increase  over  tht  1 975-2000 pcnod 
is  from  53  63  to  63.95  years  (19  percent)  m  the  medium  series 
of  thr  Bureau  of  Onsus  projections;  for  males  the  increase 
is  from  54.50  to  62.30  years  (14  peroeUt)/ 
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sources).  Most  nations  have  yet  to  choose  among 
their  options,  but  when  the  choice  is  made,  it  will 
have  lignificint  health  implications.  The  hard 
path  co«l  option  implies  increasing  problems  with  * 
particulates,  oxides  of  sulfur,  and  oxides  of  nitro- 
gen, fU  of  which  have  health  adverse  effects.  The 
•hard  path  nuclear  option  implies  increasing  prob-  , 
lems  of  disposal  of  radioactive  wastes  f*'oni  ura- 
nium mining,  from  low-level  nuclear  wastes,  and 
from  spent  nuclear  fuel,  and  radiation  problems 
as  well.  The  soft-path  renewable-resource  options 
abo  present  a  number  of  health  problems.  The 
energy  projections.do  not  extend  to  2000,  and  it 
is  not  possible  to  predict  how  nations  wiU  make 
Jhcir  energy  choices.  Whatevcjrthe  choices  are, 
however,  they  can  be  expected  to  have  significant 
a&iil  varied  health  implications,  but  are  unlikely 
to  significantly  affect  population  growth. 

The  other  m^jor  feedback  from  the  environ- 
mental projections  to  the  population  projections 
for  the  industrialized  nations ^nvolves  migration. 
International  migration  is  a  difficult  subject  from 
many  perspectives,  including  that  of  the  demog- 
rapher. The  demographer's  problem  is  that  mi- 
grants are  often  in  violation  of  immigration  laws, 
and  as  a  result  avoid  being  counted  in  a  census. 

Difficult  as  the  problem  is  for  demographers, 
the^  projected  LDC  population  growth  coupled 
with  the  projected  LDC  environmental  trends 
suggests  that  there  will  be  increasing  pressures 
from  tpteraational  migration.  Although  the  flows 
cannot  be  quantified  and  projected  precisely,  in- 
creased migration  can  be  anticipated  from  North 
Africa  to  Eiirop<!,  from  ^uth  Asia  to  the  oil-rich 
nations  of  the  Middle  East,  and  from  €entral  to 
North  America  (Mexico  City,  for  example,  is  only 
about  500  miles  from  the  Mexican-r  border). 

Even  the  limited  statistics  available  for  the 
United  States  illustrate  the  demographic  signifi- 
cance oi  migration.  The  so-called  natural  increase 
(excess  of  births  over  deaths)  for  the  U.S.  is  now 
roughly  K3  million  per  year.  Approximately 
400,000  foreign  visitors  per  year  remain  in  the 
dnintry  illegally,  and  in  addition  approximately 
800,000  successfully  enter  the  country  illegally 
each  year,  adding  about  1.2  n^ion  persons  to  the 
U.S.  population  annually,  an  amount  almost  iden- 
tical with  the  natural  increase  of  about  0.6  percent 
per  year.*  As  a  result,  the  population  growth  rate 
for  the  U.S.  is  probably  closer  to  1.2  percent  per 
year  than  the  0.6  percent  per  year  estimate  given 
in  Table  2-12  in  Chapter  2.  Similar  (and  probably 

^Jhcrn  ettimates  were  obtained  in  1976  by  Justif)  Blackwelder, 
pmident  of  die  Environmenul  Fund,  Washington,  from  the 
U.S.  Iflunifnition  and  Naturalization  Stnice  (INS)  and  were 
puWiihed  by  Uie  Environmental  Fund  in  1976  in  *V.S.  Pop* 
ttlatkm  Larfer  Than  Official  Census  Figures."  The  INS  has 
•tone  stopped  making  such  estimates,  and  will  not  now  confirm 
or  <leay  the  estimates  (£.  Colhson,  I-  'S  Staff  Investigator, 


increasing)  immigration  can  also  be  expected  for 
parts  of  Europe  and  the  Middle  East. 

It  \b  thus  clear  that  feedback  from  the  environ- 
mental projections  to  the  population  projections 
has  implications  for  the  population  estimates  for 
both  LD^  and  industrialized  nations.  For  the  in- 
dustrialized nations,  migration  may  increase  growth 
rates  in  some  cases  by  one  half  of  a  percentage 
point  or  so.  For  the  LDCs,  *  ^  effects  are  more 
complex  and  dependent  on  the  situation  in  indi- 
vidual countries.  If  environmental  factors  could 
have  been  taken  into  account  explicitly  through- 
out the  Global  2000  Study  population  projections, 
the  total  world  estimates  for  2000  might  well  have 
been  about  the  same  as  the  present  projection— 
a  46-^  percent  increase  to  a  total  worid  popu- 
lation of  5.9-6.8  billion  in  2000— but  for  some- 
what different  reasons:  Birth  rates  would  have 
generally  been  somewhat  higgler  and  life  expec- 
tancies lower  . 

Sumining  Up 

The  foregoing  analysis  of  the  environmental 
feedbacks  to  the  Global  2000  projections  reveals 
numerous  and  serious  differences  (discrepancies) 
between  the  projected  future  world  environment 
and  the  assumptions  that  were  used  in  the  pop- 
ulation,  GNP,  and  resource  projections  of  Chap- 
ters 2-12.  Many  of  the  study  projections  assume 
implicitly ,  that  terres'^rial,  aquatic,  and  atmos- 
pheric resources  will  continue  to  provide  goods 
and  services  in  ever  increasing  amounts  without 
maintenance,  moderation,  or  protection.!  Such 

/   

personal  communication,  1979).  Anne  Ehrlich  suggesu  that 
the  figures  are  too  hi^  (personal  communication,  1979).  The 
Golden  Door,  a  recent  book  on  migration  between  Mexico 
and  the  United  States  attempt!*  to  trace  the  history  of  the 
800,000  estimate  (Paul  R.  Ehrlich.  Loy  Bilderback,  and  Anne 
Ehrtich,  New  York:  Billantine.  1979,  p.  180).  INS  Staff  In* 
vestigator  E.  Collison  suggests  the  recent  work  of  Clarice  Lan- 
caster of  the  U.S.  Department  of  HEW  and  Frederick 
Scheuem  of  the  U.S.  Soaal  Secur  Administration  as  a 
widely  accepted  estimate,  Qancc  Uncaster  and  F-xderick 
Scheuem  estimate  that  in  WfO  there  were  between  2.9  and  5.7 
million  illegal  aliens  in  the  U.S.  TCounting  the  Uncounuble: 
Some  Inibal  Statistical  Speculations  Employing  Capture-Re- 
capture Technique/'  paper  presented  at  the  American  Staiis- 
tical  Association  Annual  Meeting,  1977). 
tin  the  U.S.,  thb  and  related  auumptions  have  been  ques- 
tioned with  inaeasing  frequv.icy  by  many  group*.  The  rela- 
tionship between  the  environment  and  human  economic 
institutions  is  highly  complex,  t  id  many  environmental  leaden 
believe  that  some  basic  value  changes  will  be  needed  L  fore 
a  sustainable  relationship  can  develop.  Several  fen^inist  writers 
have  drawn  interesting  parallels  between  the  values  underlying 
the  relationship  between  humankind  and  Mother  Nature  on 
the  one  hand  and  values  underlying  relationships  between  men 
and  women.  See.  for  example:  Susan  Griffin,  H^*  nan  and 
Nature:  The  Roann^  Inside  Her,  New  York:  Harper,  1978; 
Mary  Daly,  CYNIECOLOGY:  The  Metaphysia  of  Radical 
Ferr  .m.  Boston:  Beacon,  1978;  and  Dorothy  Dinnerstein, 
Thr  Aermaid  and  the  Minotaur:  Sexual  Arrangements  and 
Human  Malaise,  Hti>i  York:  Harper,  1978. 
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assumptions  arc  unrealistic.  The  Global  2000 
Study's  environmeitlal  analyses  point  to  many 
areas  where  the  capacity  of  the  environment  to 
provide  goods  and  services  can  no  longer  be  taken 
for  granted.  There  are  two  reasons.  First,  the  de- 
mand for  environmental  goods  and  services  is 
outstripping  the  capacity  of  the  environment  to 
provide,  as  both  population  and  per  capita  con- 
sumption expand.  Second,  in  many  areas  the  eco- 
logical syr  ms  that  provide  the  goods  and  services 
are  being  undermined,  extinguished,  and  poi- 
soned.  While  informed  and  careful  management 
of  the  enviroffment  might  still  increase  the  goods 
and  services  it  provides  in  some  areas,  in  other 
areas  the  demands  placed  on  the  environment  are 
approaching,  and  in  some  areas  have  exceeded, 
its  sustainable  carrying  capacity. 

Added  insight  into  the  meaning  of  the  Global 
2000  Study's  projections  can  be  obtained  by  com- 
paring  them  with  a  National  Academy  of  Sciences 
estimate  of  the  ultimate  carrying  capacity  of  the 
global  environment,  fhe  Academy's  1969  report, 
t^sources-and  Man,  concluded  that  the  world 
population  must  be  stabilized  at  levels  consider- 
ably lower  than  10  billion,  if  human  life  is  to  be 
comfortably  sustained  within  the  resource  limits 
of  the  earth.'*  The  Academy  also  concluded  that, 
even  by  sacrificing  individual  comfort  and  choice, 
the  human  population  is  unlikely  ever  to  exceed 
30  billion  persons. 

Information  that  has  become  available  since 
1%9  tends  not  only  to  confirm  the  Academy's 
findings  but  to  point  to  even  more  severe  limits. 
For  example,  the  Academy  based  its  conclusion 
as  to  the  earth's  carrying  capacity  on  the  assumed 
availability  of  61  million  hectares  more  arable 
land  than  was  projected  by  the  U.S.  Department 
of  Agriculture  for  the  Global  2000  Study.  The 
/  ademy's  report  assumed  a  sustainable  fish 
catch  40  million  tons  per  year  higher  than  the 
Natior  '  Ocec^nic  and  Atmospheric  Administra- 
tion has  estimated  for  the  Global  2000  Study.*  In 
its  estimates,  the  Academy  had  assumed  that  one- 
half  of  the  world  s  potentially  arable  land  was 
under  cultivation  so  that  a  twofold  increase  in 
production  could  be  expected  by  developing  the 
other  half,  and  two  additional  twofold  increases 
could  be  obtained  by  increased  productivity  and 
innovation  respectively,  leading  to  an  eightfold 
potential  increase  in  food  production.  Its  study 
made  no  mention  of  the  productivity  losses  re- 


•It  is  perhaps  notable  that  the  historically  steep  upward  trend 
in  manne  fish  catch  peaked  at  60  million  tons  just  as  the 
National  Academy  of  Saenccs  made  its  estimate  of  a  100  mil- 
«    hon  ton  potential 


suiting  from  salinization  (which  now  affects  half 
of  fhe  worid's  irrigated  soils),  or  of  the  soil  losses 
and  hydraulic  destabilization  thai  will  accompany 
the  projected  deforestation.  Nor  did  the  Academy 
anticipate  the  rapid  rise  in  the  cost  of  energy-in- 
tensive fertilizers  and  pesticides.  In  short,  the  vast 
majority  of  the  information  that  has  become  avail- 
able over  the  past  decade  suggests  that  the  Acad- 
emy's estimate  is  reasonable,  perhaps  even 
optimistic.  The  earth's  carrying  capacity,  under 
intensive  management  is  about  10  billion  persons 
**with  some  degree  of  comfort  and  individual 
choice,"  and  about  30  billion  otherwise. 

The  worid's  population  picture  has,  of  course, 
changed  since  the  Academy's  report  in  1969, 
when  there  were  about  3.6  billion  persons  and  the 
total  was  increasing  at  about  2  percent  per  year. 
In  1979,  there  are  approximately  4.3  billion  per- 
sons, and  the  number  is  increasing  at  about  1.8 
percent  per  year.  The  Global  2000  Study's  pro- 
jections suggest  that  by  2000  there  will  be  about 
6.35  billion  persons,  and  that  the  number  will  in- 
crease at  about  1.7  percent  per  year.  Cleariy,  if 
present  demographic  trends  continue,  population 
growth  will  not  stop— i.e.,  the  annual  percentage 
increase  will  not  fall  to  zero-~until  well  into  the 
21st  century.  If  a  net  reproductive  rate  of  1.0 
(replacement  fertility)  could  somehow  be  achieved 
in  2000,  the  worid's  population  would  peak  at 
approximately  8.4  billion  by  aBbut  the  year 
2100.^^  If  it  were  to  continue  growing  at  the  rate 
projected  for  2000  (1.7  per  unit  per  year),  the 
worid  population  would  reach  10  billion  in  2027 
anc*  30  billion  in  2091. 

As  of  1980,  the  year  2027  is  47  years  away.  To 
put  it  another  way,  a  child  born  in  1980  will  be 
47  years  old  in  2027.  Persons  now  under  the  age 
of  24  years  can  expect  to  live  to  2027  (assuming 
a  70-year  life  expectancy).  They  may  be  living  in 
a  worid  whose  population  is  approaching  the  max- 
imum number  that  an  intensively  managed  earth 
can  sustain  with,  as  the  National  Academy  puts 
it,  "some  degree  of  comfort  and  individual  choice." 
What  are  the  major  environmental  developments 
that  these  persons  may  observe? 

TTic  Global  2000  Study's  environmental  pro- 
jections,  based  on  the  assumption  of  no  changes 
in  policy,  point  to  major  changes  in  all  three  of 
the  earth's  major  environments— terrestrial, 
aquatic,  and  atmospheric.  The  projections  also 
point  to  a  group  of  emerging  environmental  prob- 
lems, some  of  which  are  global  in  scope,  some  of 
which  involve  vicious  circles  of  causality,  and 
some,  increased  societal  vulnerability.  By  and 
large,  these  environmental  problems  will  be  dif- 
ficult o  resolve,  even  with  major  policy  changes. 
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In  the  terrestrial  environment,  the  basic  change 
to  be  anticipated  is  a  general  deterioration  of  soil 
quality  over  most  of  the  earth.  The  immediate 
causes  vary  from  one  area  to  another,  but  gen- 
erally involve  demands  on  local  ecosystems  and 
*  soils  and  population  growth  that  will  be  impos- 
sible  to  sustain.  Desertification  will  claim  large 
areas  in  the  LDCs  of  Afnca,  Asia,  and  Latin 
America,  as  will  erosion  following  shortened  fal- 
low cycles  and  tropical  deforestation.  Erosion, 
compaction,  ai)d  hardpanning  will  affect  increas- 
ingly large  areas  in  the  industrialized  nations,  as 
will  salinization,  alkalinization,  and  waterlogging 
of  irrigated  lancte  everywhere.  Farm  land  will  con- 
tinue to  be  lost  to  urban  and  village  expansion. 

The  global  aquatic  environment  will  also  de- 
teriorate generally,  both  in  its  saltwater  and  fresh- 
water portions.  Freshwater  will  be  slowed  by 
dams  and  irrigation  works,  warmed  by  waste  heat 
from  energy  facilities  (thus  reducing  the  oxygen 
content),  reduced  in  flow  by  more  consumptive 
(i.e.,  evaporative)  uses  such  as  irrigation  and 
evaporative  cooling  for  energy  facilities,  salted  by 
irrigation  drainage,  eutrophied  by  fertilizer  runoff 
and  sewage,  acidified  by  acid  mine  drainage  and 
acid  rain,  destablized  by  deforestation,  and  pol- 
luted by  silt,  pesticides,  and  other  toxic  sub- 
stances. Freshwater  habitats  for  disease  vectors 
.will  increase.  Habitats  for  species  that  require 
swift,  clean,  cool  water  (hke  salmon  in  the  U.S.) 
will  decline.  Coastal  marine  waters  will  suffer 
from  loss  of  important  habitats — estuaries,  salt 
marshes,  mangroves,  reefs — as  well  as  from  heavy 
pressure  on  fish  and  mammal  populations,  con- 
tinued pollution  by  crude  oil  from  offshore  ex- 
traction, marine  transport,  and  terrestrial  runoff, 
and  an  influx  of  toxic  materials,  the  effects  of 
which  will  continue  to  be  experienced  for  decades, 
at  a  minimum. 

The  atmosphere  will— again,  under  the  as- 
sumption of  no  change  in  present  policies — re- 
ceive increasing  amounts  of  effluents  from  coal 
.  combustion.  Oxides  of  nitrogen  and  sulfur  will 
cause  increased  health  problems  and  w)ll  produce 
acid  rain.  Particulates  will  incr  ase  health  prob- 
lems. Carbon  dioxide  emissions  resulting  from 
deforestation  and  from  all  forms  of  fossil  fuel  com- 
bustion (especially  increased  use  of  coal  and  syn- 
thetic fuels)  will  continue  to  increase  the  global 
concentration  of  CO,  in  the  atmosphere,  creating 
conditions  that  many  scientists  believe  could  raise 
the  average  temperature  of  the  earth,  melt  polar 
ice,  raise  sea  levr'  ,  and  flood  coastal  areas  during 
the  21st  or  22nd  century.  Some  spray-can  pro- 
pellents and  refrigerants,  spme  high-altitude  air- 
craft flights,  and  nitrogen  fertilizers  will  release 


chemicals  in  varying  amounts  that  tend  to  reduce 
concentrations  of  ozone  in  the  upper  atmosphere, 
potentially  increasing  the  amount  of  ultraviolet 
radiation,  which  is  damaging  to  plants,  animals, 
and  humans.  *  ^ 

Several  developments  are  anticipated  that  will 
affect  all  three  major  environments  (air,  water, 
land).  The  release  of  toxic  substances,  including 
pesticides,  is  b^ing  controlled  increasingly  in  in- 
dustrialized nations,  but  under  present  policies 
growing  amounts  of  these  substances  can  be  ex- 
pected to  enter  the  air,  land,  and  water  io  LDCs. 
Materials  einitting  low-le  el  radiation  will  be  re- 
leased in  increased  amounts  into  all  three  envi- 
ronments. Oxides  of  nitrogen  and  sulfur  from 
fossil  fuel  combustion  will  increase  atmospheric 
concentrations,  acidify  rain,  and  ultimately  alter 
chemical  balances  in  surface  waters  and  soils  over 
wide  areas.  The  rate  of  extinctions  of  species  in 
all  three  environments  will  increase  dramatically, 
leading  to  the  loss  of  perhaps  one-fifth  of  all  plant 
and  animal  species  by  2000. 

Some  new  classes  of  environmental  pioblems 
will  become  more  evident  and  more  important — 
among  them:  problems  that  require  global  co- 
operation; problems  that  are  very  long-lived; 
problems  that  lead  to  increasing  social  vulnera- 
bility; and  problems  that  originate  in  vicious-circle 
types  of  causations. 

Problems  of  the  global  commons-~the  earth's 
atmosphere  and  oceans — ^an  be  expected  to  be- 
come more  important  and  urgent  in  the  years 
ahead.  Management  of  global  CO,  and  ozone  con- 
centrations are  probably  the  most  important  and 
difficult  issues  of  the  global  commons,  but  the 
protection  of  marine  mammal  populations  (a 
global-commons  problem  on  which  some  progress 
has  already  been  achieved)  will  continue  to  be  a 
concern.  Institutional  mechanisms  for  dealing 
with  the^  issues  are  limited.  The  International 
Maritime  Consultative  Organization  (IMCO)  has 
made  significant  progress  in  dealing  with  oil  pol- 
lution from  tankers,  but  has  made  little  progress 
in  reducing  the  flow  cf  toxic  substances  into  the 
oceans.  The  U.N. -sponsored  Law  of  the  Sea  Con- 
ference constitutes  one  of  the  broadest  efforts 
made  so  far  to  deal  with  such  problems,  but  the 
slowness  of  the  progress  made  by  this  conference 
and  related  follow-up  activit*^s  llustrates  the  ex- 
treme difficulties  involved  in  achieving  the  nec- 
essary cooperation  on  issues  related  to  the  global 
commons.  Efforts  to  manage  CO,  and  ozone  con- 
centrations on  a  global  scale  are  just  beginning, 
and  considering  the  issue's  involved— fossil  fuel 
combustion,  H-^orestation,  high-altitude  flight, 
perhaps  even  .    rate  of  use  of  nitrogen  fertil- 
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tzer»— agreements  can  be  expected  to  be  at  least 
as  difficult  to  reach  as  in  the  case  of  the  Law  of 
di"^  Sea. 

Multilateral  cooperation  cn  only  a  somewhat 
smaller  scale  will  be  required  to  deal  with  a  num** 
ber  of  terrestrial,  coastal,  and  freshwater  env 
romnental  issues.  Desertification  problems  often 
cross  national  boundaiies,  as  do  some  of  the  herd- 
ing populations  involved.  Deforestation  is  ing 
driven  not  only  by  domestic  needs,  but  also  by 
multinational  markets  and  corporations.  Protec- 
tion of  regional  seas  will  be  impossible  without 
multilateral  cooperation,  and  the  protection  and 
management  of  many  river  balsins  will  require  co- 
operation among,  two  or  more  nations  as  well. 
Since  the  needs  of  upstream  and  downstrram 
users  often  conflict,  river  development  and  man- 
agement may  become  an  increasing  source  f  con- 
flict among  nations  as  water  resources  become 
still  more  heavily  committed. 

Long-lived  toxic  pollutants  also  present  a  new 
class  of  environmental  problems.  Many  toxic  sub- 
stance»--heavy  metals,  radioactive  materials,  and 
some  toxic  chemicals— have  very  long  lives,  and 
their  release  or  mobilization  into  the  environment 
creates  changes  for  which  there  is  no  apparent 
remedial  action.  Mercury,  lead,  high-level  radio- 
active wastes,  dioxin,  and  PCBs  are  examples. 
Many  metals,  some  i4  which  bioaccumulate,  are 
hi|^ly  toxic,  and  once  mobilized  by  mining,  re- 
fining, dredging,  or  industrial  processes,  arc  ex- 
pected to  produce  adverse  effects  for  decades— 
or  centuries — to  come,  especiaUy  m  the  oceans. 
The  consequences  are  many  and  varied.  It  is  well 
known,  for  example,  that  the  utility  of  biological 
resources  (e.g.,  fish  and  shellfish)  has  been  de- 
graded or  destroyed  by  heavy  metals,  but  it  is  less 
well  known  that  some  bacteria  have  developed 
resistance  to  mercury  poisoning  and  as  a  conse- 
quence also  JO  several  antibiotics.  (Research  with 
the  genus  Vibrio  and  the  genus  Bacillus  have  led 
to  the  conclusion  that  the  antibiotic  and  mercury 
resistances  are  genetically  linked  and  caused  by 
the  mercury  exposure.^  High-level  radioactive 
wastes  are  extremely  toxic  and  must  be  kept  safely 
separated  from  the  environment  for  tens  of  thou- 
sands of  years,  a  period  that  exceeds  the  stable 
life  of  any  civilization  in  history,  and  even  exceeds 
the  period  of  recordt  J  history.  Long-lived  toxic 
chemicals  present  similar  problems.  While  several 
industrial  nations  are  now  tightening  regulations 
for  the  use  and  disposal  of  toxic  chemicals^  the 
controls  are  far  from  adequate.  Even  determining 
which  individual  chemicals  are  toxic  will  be  dif- 
ficult, and  the  problem  of  the  synergistic  toxicity 
of  two  or  more  chemicals  presently  lacks  a  feasible 
solution.^'  Furthermore,  old  chemical  dumps 
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(such  as  the  Love  Canal  dumpsite  in  New  York 
State),^  contaminated  river  bottoms  (such  as 
those  of  the  Hudson  River  in  New  York"^  and 
the  James  in  Virginia),^  and  contaminated  lands 
(such  as  the  environs  cf  Seveso,  Italy)"*  will  con- 
tinue to  pose  threats  to  animals — and  human 
life — for  many  yean  to  come.  ^ 

Another  class  of  environmental  pressures  is 
leading  to  increased  vulnerability,  especially  in 
the  world's  food  production  and  energy  systems. 
Food  production  around  the  world  is  leading  to 
various  forms  of  soil  deterioration.  Fertility  is 
being  maintained,  pests  controlled,  and  yields  en- 
hanced through  energy-intensive  (or  more  specif- 
ically, fossil  fuel-intensive)  inputs  of  fertilizers, 
chemicals,  and  fuels  for  tractors  and  irrigation 
motors.  The  food  needed  to  feed  the  population 
projected  for  2000  can  be  produced  only  through 
the  continued  and  increased  dependence  of  ag- 
riculture on  fossil  fuels.  The  increased  vulnera- 
bility that  this  trend  implies  is  illustrated  by  the 
disruption  in  onergy  supplies  caused  recently  by 
the  change  of  government  in  a  single  nation — 
Iran ,  by  no  means  the  largest  of  the  world's  energy 
suppliers.  The  vulnerability  of  energy-intensive 
agriculture  is  increased  further  by  expanded  areas 
of  genetically  similar  (or  identical)  monocultures, 
by  expansion  of  agriculture  into  increasingly  arid 
and  marginal  lands,  and  by  the  projected  defor- 
estation (which  exaggerates  seasonal  variations  in 
water  availability  and  thus  increases  vulnerability 
to  drought).. 

In  the  energy  area,  increased  reliance  on  nu- 
clear energy  will  create  another  environmentally 
related  vulnerability.  The  accident  at  Three  Mile 
Island  in  Pennsylvania  demonstrated  dramatically 
that  nuclear  accidents,  whatever  their  probability, 
can  and  do  haf^n.  In  the  Three  Mile  Island  ac- 
cident, relatively  little  damage  was  done  to  the 
environment,  but  radioactive  gases  were  released, 
and  the  governor  of  Pennsylvania  felt  it^necessary 
to  partially  evacuate  an  area  within  five  miles  of 
the  stricken  plant.  As  a  result  of  the  accident,  and 
of  concern  over  the  safety  of  a  second  reactor  at 
the  same  site  built  by  the  same  manufacturer,  a 
significant  fraction  of  the  electric  energy  supply 
for  Pennsylvania  has  been  lost  for  a  period  of 
years.  Public  concern  is  now  such  that  another 
serious  accident  or  a  terrorist  anack*  could  lead 
to  £  significant  curtailment  in  nuclear  generation 
in  man^  countries.  The  projected  226  percent  in- 
creas^^m  nuclear  generation  by  1990  will  increase 
this  vulnerability. 


*T1iere  have  been  •  tigniflcant  number  of  tttacki  on  nuclear 
intUlUtkmt.  See  Mtchael  Flood.  '^Nuclear  SaboUge/*  Bulletin 
of  the  Atomic  Sdenti$ts,  Oct.  1976,  pp.  29-36. 
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Finally,  there  is  a  growing  class  of  environ- 
mental problems  that  will  be  extremely  difficult 
to  resolve  because  of  aMticioys  circle  of  causes  and 
effects.  This  ciass'oif  problems  is  particularly  acute 
in  the  land-deterioration/population-growth  phe* 
nomenon  in  some  of  the  poorest  rural  areas  in  the 
LDCs:  Environmental  deterioration  is  acceler- 
ated by  further  population  growth;  human  repro- 
duction rates  are  kept  up  by  poor  living  conditions 
(and  other  social  welfare  problems),  and  living 
oonditioftM  decline  further  a&  the  environmental 
resources  deteriorate. 

The  important  linkages  between  the  popula- 
tion, welfare,  and  resource  demands  have  long 
been  recognized  and  included  in  development 
plans  and  projection  models,  but  the  linkages 
from  the  environment  back  to  population,  wel- 
fare, and  resources  have  of.en  been  neglected.  So 
it  is  with  the  Global  2000  3udy*s  projections.  As 
illustrated  in  Figure  IV],  the  hnkages  from  the 
population  and  UNP  projections  to  resource  de- 


mands are  well  established.  This  chapter  has  ana- 
lyzed the  environmental  implications  of  the 
population,  GNP,  and  resource  projections  and 
has  attempted  to  close  the  feedback  loops  linking 
the  projected  future  world  environment  back  to 
the  other  projections.  While  the  feedback  loops 
could  not  actually  be  closed,  the  environmental 
assumptions  underlying  the  population,  GNfL 
and  resource  projections  were  identified  and^^m-V 
pared  with  the  environmental  future  these  pro-  \ 
jections  imply.  The  environmental  assuiMtions  j 
implicit  in  the  population,  GNP,  and^source 
projections  amount  in  many  cases  to  an  assump- 
tion that  the  environment  will  provide  its  goods 
and  services  in  much  larger  amounts, ^without  in- 
terruption, and  without  increa^  in  co^The  en- 
vironmental analysis  suggests  that  this  ass(Hm>ticn 
is,  in  many  cases,  unrealistically  optimisticAThe 
analysis  also  sho^vs  that  the  goods  and  services 
provided  by  the  environment  can  no  longer  be 
taken  for  granted.  ( 
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Methodology  and  Environmental  Maps 

Methodology  M«^>s 

The  first  five  maps  which  follow  depict  the  varioiis  ways  in  which 
the  regions  of  the  world  are  represented  In  five  key  ntetfiodologles 
used  to  develop  the  Global  2000  Study  projections.  These  maps 
and  methodologies  are  as  follows: 

•  QNP  Projections  (SIMUNK  methodology) 

e  Population  Projections  (Cohort-component  ntethodology) 

•  Food  Projections  (GOL  methodology) . 
e  Eniergy  Projections  (lEES  methodology) 

•  Nonfuel  Mir>erals  Projections  (lOU  metttodolpgy) 

Each  methodology  has  its  own  way  of  dividing  and  aggregating  the 
world  into  regions.  These  regional  patterns  differ.  Moreover,  some 
methodologies  make  many  regk>nal  discriminations;  others,  only  a 
few.  In  order  to  clarify  these  patterns  and  levels  of  regkmal  detail, 
on  each  map  a  distinctive  c^ior  is  assigned  to  each  regk)n  sepa- 
rately distinguished  ty  the  relevant  methodokigy. 

Some  methodotogiias  devek)p  projections  for  each  region 
rately.  with  no  simulated  interacttons  between  regions.  The  maps 
depicting  these  methodok>gies  make  use  of  very  thk^k  boundanes 
between  regkMis: 

Other  methodok)gies  devek>p  projections  for  each  regton  on  an 
interactive  basis.  The  maps  depicting  these  methodok>gie8  make 
use  of  thinner  boundaries  between  regknis.   

Though  some  nrwthodok>gies  simulate  all  endogenous  regk)ns  in 
equal  detail,  others  simulate  different  groups  of  regions  at  different 
levels  of  detail.  Within  maps  depkrting  these  latter  methodokDgies. 
similar  cokKS  have  been  assigned  to  regions  within  groups  simu- 
lated at  the  same  level  of  detail: 

Bi     Si     BH     @  WM 

More  intense  cok)r9  have  been  assigned  to  those  regions  modeled 
in  greater  detail: 


Less  intense  cr^iors  have  been  assigned  to  those  regions  modeled 
in  lesser  detail: 


Environmental  Maps 

The  last  five  nmps  illustrate  various  themes  developed  in  the  en- 
vironmental projections 
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GNP  Projections 

Simulated  Trado  Unkages  (SiMUNK)  Methodology  > 
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In€hpendent  Regions  Modeled  In  Equal  Detail 
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Other  Asia  and  Oceania 
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Other  industrialized  market  countries 
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Other  Latin  America 
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Food  Projections 

Grain-Oil^l^-Uvestock  (GOL)  Methodology 
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Intw^ctNe  Regions  Modeled  at  Different  Levels  of  Detail 
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Energy  Projections 

International  Energy  Valuation  System  (lEES)  Methodology 
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Interactive  Regions  Modeled  at  Different  Levels  of  Detail 
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Population  Density  (1975) 
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14  The  Government's  Global  Model:  The 
Present  Foundation  ^ 


**This  chapter  introduces  Part  II  of  the  Global 
200(J  Study's  Technical  Supplement.  Part  I  (Chap- 
vers  1-13)  responded  to  the  first  aspect  of  the 
President's  directive  establishing  the  Study:  to 
make  a  "study  of  the  probable  changes  in  the 
world's  population,  natural  resources,  and  envi* 
ronment  to  the  end  of  the  century."  Part  II  (Chap- 
ters 14-23)  responds  to  the  second  aspect  of  ^he 
President's  directive:  that  "this  study  will  serve 
as  the  foundation  of  our  longer-term  planning."* 
Specifically,  P^rt  II  describes  and  analyzes  the 
set  of  formal  computer-based  models  and  less  for- 
mal computational  procedures  used  to  develop 
the  projections  presented  in  Part  I.  It  is  these 
models  and  procedures,  rather  than  the  projec- 
ti<ms  themselves,  that  constitute  the  real  "present 
foundation"  for  the  government's  longer-term 
planning.  This  is  because: 

•  These  models  and  proced  ares  embody — in  an 
outward  and  visible  form — many  of  the  as- 
sumptions present  in  the  minds  of  those  re- 
sponsible for  the  government's  longer-term 
planning, 

•  These  models  and  procedures  are  actually  used 
by  Government  planners  to  help  delineate  the 
implications  of  those  assumptions,  to  test  and 
revise  those  assumptions  where  appropriate, 
and  more  generally  to  provide  analytic  support 
Tor  long-term  policy  decisions. 

A  presentation  of  the  government's  present 
foundation  for  longer-term  planning  requires  both 
a  holistic  Overview  of  the  entire  set  of  models  and 
procedures  underlying  the  projections  and  a  de- 
tailed examination  of  each  model  and  procedure. 
This  first  chapteV  of  Part  II  provides  the  holistic 
overview,  while  Chaptej-s  15-23,  which  follow. 


•Pan  III  of  this  volume  (Ch  24-3U  also  responds  lo  ihe  second 
aspect  of  ihe  President**  directive  by  describing,  analyzing, 
and  comparing  several  highly  integrated,  long-term,  global 
models  not  current l>  n  extensive  use  by  the  U  S  t'overnment 
These  ntodels  and  their  projections  provide  important  addi* 
tional  insights  for  use  in  analyzing  the  Global  2(X)()  SiJdy's 
projections  and  otherwise  strengthening  the  present  founda* 
tton  for  the  government's  longer-term  planning 


describe  and  analyze  each  element  of  the  set  in- 
dividually. This  chapter  can  be  thought  of  as  pri* 
mariiy  examining  the  external  relationships  among 
a  set  of  **black  boxes,"  whereas  Chapters  15-23 
explore  the  internal  contents  of  each  black  box 
in  detail.  For  the  reader  s  convenience,  a  sum- 
mary description  of  each  **element"  (or  black 
box)  is  provided  at  the  end  of  this  chapter.^ 

The  ''Government's  Global  Moder'  . 

Throughout  Part  II  of  this  volume,  the  set  of 
formal  models  and  the  less  formal  computational 
procedures  used  to  develop  the  Study*s  projec- 
tions are  referred  to,  collectively,  as  the  **govern- 
mentis  global  mode!"  (for  projecting  probable 
Changes  in  the  world*s  population,  natural  re- 
sources, and  environment  to  the  end  of  the  cen- 
tury).* Of  course,  the  U.S.  Government  does  not 
presently  have  an  integrated  computer  model  of 
the  world.  In  fact,  it  may  at  first  seem  inappro- 


'Additional  specialized  terms  and  phrases  used  in  Part  II: 

Computer-based  model — For  the  purposes  of  the  Global 
2000  Study,  a  computer  program  which  simulates  the  behavior 
of  some  real*world  phenomenon  (for  example,  population 
growth  or  the  patterns  of  world  food  trade)  by  using  mathe- 
matical equations  to  make  projections. 

Inpui — Data  (including  assumptions)  required  before  use 
can  be  made  of  a  computer-based  model  or  other  computa- 
tional procedure, 

Oufpuf-^Qata  created  as  a  result  of  making  use  of  a  com- 
pute r-basldmhdel  or  other  computational  procedure. 

Endogenous  calculations — Calculations  performed  by  a 
compute r*based  model  or  other  computational  procedure. 

Exogenous  calculations — Calculations  performed  either  in 
preparing  input  before  making  use  of  a  computer-based  model 
or  other  computational  procedure  ,^r  in  prepanng  output  after 
making  use  of  a  computer-based  moidel  or  other  computational 
procedure. 

Dynamically  calculated  projections'—For  the  purposes  of  the 
Global  2000  Study»  projections  made  endogenously  for  a  fu- 
ture year  that  are  dependent  in  part  on  projections  (also  made 
endogenously)  for  a  preceding  year  or  years 

Statically  calculated  projections'—For  the  purposes  of  the 
Global  2000  Study,  projections  made  endogenously  for  a  fu- 
ture year  that  are  independent  of  projeciionj^de  endoge- 
nously for  a  preceding  year  or  years,  ExogenoiI^Tftian^s  in 
the  input  determine  the  year  for  which  the  projections  are 
being  calculated. 
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priatc  for  this  report  to  make  reference  to  this 
collection  of  analytic  procedures  as  though  it  were 
a  fully  integrated  pntity— with  a  food  stxtor  main- 
tained by  the  Department  of  Agriculture,  an  en- 
ergy sector  maintained  by  the  Department  of 
Energy,  an  environntental  sector  scattered  through 
many  agencies,  and  so  forth. 

Instead,  each  agency  has  its  own  idiosyncratic 
way  of  projecting  the  future,  based  on  its  own 
responsibilities  and  interests.  These  different  ap- 
proaches were  never  designed  to  be  used  as  part 
of  an  integrated,  self-consistent  system  like  the 
"government's  global  model."  They  v. erg  de- 
signed by  different  people,  at  different  timej ,  us- 
ing different  perspectives  and  methodologies,  to 
meet  differ-  i  needs.  While  many  are  wide'/  rec- 
ognized a&  leaking  outstanding  use  of  st^ce-of-the- 
art  analytic  procedures  appropriate  to  their  re- 
spective sectors,  they  produce  projections  that  are 
mutually  inconsistent  in  important  ways. 

Nevertheless,  there  are^t  least  three  compel- 
ling reasons  for  describing  and  evaluating  these 
different  approaches  as  a  collective  whole: 

1.  The  various  sectoral  models  and  calculation 
procedures  (arbitrarily  aggregated  in  this  dr- 
cussion  into  a  set  of  11  **elements")  have,  to 
a  limited  degree,  actually  been  developed  and 
maintained  in  ways  that  involve  mutual  inter- 
actions via  an  informal,  almost  glacial  process. 

2.  Projections  developed  using  these  elements 
have  generally  been  used  by  the  government 
and  others  as  though  they  had  been  calcf^lated 
on  a  mutually  consistent  basis. 

3.  These  elements  should  be  capable  of  being 
used  on  a  mutuallyVonsistent  basis— regardf 
less  of  how  they  havl  actually  been  developed 
and  maintained,  and  regardless  of  how  their 
projections  have  generally  been  used  In  fact, 
the  President  implicitly  directed  that  the  ele- 
ments be  used  and  evaluated  in  this  way  when 
he  commissioned  the  Global  2000  Study. 

The  U.S.  Government  has  a  large  collection  of 
analytic  procedures  for  anticipating  future  trends 
in  a  wide  range  of  areas.  The  Global  2000  Study 
asked  the  federa  agencies  to  develop  projections 
using  the  methodologies  that  they  routinely  use 
for  this  purpose. 

These  methodologies— or  tools— can  be  consid- 
ered collectively  as  elements  of  the  government  s 
overall  global  model.  Normally  these  elemc.as 
are  not  employed  in  ways  that  ensure  that  the 
assumptions  they  use  are  mutually  consistent.  For 
the  purposes  of  this  study,  ensuring  consistency 
became  a  hi^  priority,  and  every  effort  was  made 
to  enhance  interactions  and  consistency  amoni? 
elements. 

r*" 


But  in  spite  of  the  discipline  established  by  the 
'  Study  to  ensure  consistency,  a  number  of  internal 
contradictions  were  inherent  in  the  analysis  and, 
uiiavoidably,'they  remain.  To  put  it  more  simply, 
the  analysis  shows  thatihe  executive  agencies  of 
the  U.S.  Government  are  not  now  capable  of  pre- 
senting the  President  with  internally  consistent 
projections  of  world  trends  in  population,  re- 
sources, and  the  environment  for  the  next  two 
decades. 

These  contradictions  do  not  completely  invali- 
date the  overall  results  of  the  Study— in  fact,  the 
Study's  projections  are  the  most  consistent  such 
set  the  government  has  ever  produced — but  they 
do  suggest  that  the  resuhs  of  the  projections  un- 
derstate the  severity  of  potential  future  problems. 
The  analysis  also  points  to  ways  in  which  the  qual- 
ity of  the  government's  long-term  analytic  tools 
can  be  improved. 

One  of  the  most  important  findings  of  the  Study 
is  that  the  sectoral  trends  projected  in  Part  I  in- 
teract with  each  other  in  the  real  wc^d  in  ways 
that  are  not  represented  in  the  government's 
global  model— essentially  because  of  the  institu- 
tional context  in  which  the  elements  of  the  model 
were  developed  and  are  being  used.  This  context 
emphasizes  sectoral  concerns  at  the  expense  of 
interactions  among  sectors  and  leads  to  distorted 
and  mutually  inconsistent  projections.  Important 
decisions— involving  billion-dollar  federal  pro- 
grams and  even  the  national  security — are  par- 
tially based  on  these  projections.  / 

In  the  discussion  that  follows,  the  **present 
foundation"  (the  government's  global  model)  is 
first  described  in  terms  of  its  scope  and  in  terms 
of  the  linkages  between  its  elements.  With  this 
overall  description  to  work  from,  the  operation 
of  the  elements  as  a  collective  whole  is  analyzed. 
The  implications  of  this  analysis  are  then  exam- 
ined with  regard  to  (1)  interpreting  the  projec- 
tions and  (2)  strengthening  the  present  foundation. 
Finally,  the  IKelements  of  the  government's 
global  model  are  summarized,  using  a  fixed  for- 
mat to  facilitate  comparisons. 

The  remainder  of  this  chapter  is  divided  into 
five  sections  and  several  subsections,  as  follows: 
Description  of  the  Present  Foundation 

Scope  of  the  Giobai  2000  Study 

Linkages  Prior  to  the  Global  2000  Study 

Linkages  Under  the  Limited  Disciphne  of  the  Global 
2000  Study  ^ 
Analysis  of  the  Present  Foundation 

Inconsistent  Variable  Values 

Use  of  Diverse  Sources  Information 

Absence  of  Feedback 

Structural  Incompatibihties 

Institution^  Factors  Underlying  the  Discrepancies 
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Intcrpietiag  the  Projectiont 
Validity  of  the  Basic  Fmdinii 
Biaaes  Due  to  Inooaiisteiit  Variable  Values 

Streoftheninf  the  Preient  Foundatioii 
Need  for  an  Ongoing  Institutional  Mechanism 
Potential  Technical  Unprovemenu 
Incorporating  Broader  improvements 

Stunouury  Deachpttons  of  the  11  Elements 
Population 

Orosa  National  Product 

Oiinate 

Technology 

Food 

Fisheries,  Forestry,  Water 
Energy 

Energy  Residuals 
Fuel  Minerab 
Nonfuel  Minerab 
Environment 


Description  irf  the  Present  Foundation 

The  government's  present  foundation  forlohger- 
term  planning— the  government's  global  model, 
as  previously  defined— is  more  than  the  sum  of 
its  parts.  It  is  the  sum  both  of  its  11  elements  and 
(4  the  linkages  among  them.  For  the  reader's  con- 
veni2nce,  the  projections  and  detailed  discussions 
in  this  volume  related  to  each  of  the  11  elements 
are  cross-referenced  in  Table  14-1. 

The  discussion  that  follows  first  reviews  the 
decisions  made  in  defining  the  scope  of  the  Global 
2000  Study,  then  describes  the  linkages  that  ex- 
isted prior  to  the  President's  directive  establishing 


TABLE  14-1 

ladrx  to  Projcdkms  and  Detailed  Discussions 
Rdaied  to  Each  of  tlie  11  Elements  of 
the  Govcrmncnt's  Gk>|Ml  Model 


Element 

Projections 
Developed 
Using  the 
Element 

Dcjailed 
Description 
of  the 
Element 

In  Ike  order  presented  in  the  last 

Part  A 

Part  II, 

section  of  this  chapter 

Chapter 

Chapter 

1.  Population 

2 

15 

2.  GNP 

3 

16 

3.  Climate 

4 

17 

4.  Technology* 

5 

23 

5.  Food 

6 

18 

6.  Fisheries.  Forestry.  Water 

7,8.9 

19 

7.  Energy 

10 

20 

S.  Energy  residuals 

10 

20 

9.  Fuel  minerals 

11 

21 

10.  Nonfuel  minerals 

12 

22 

11.  Environment 

13 

19 

*  A  cowpmiH  cleMciM.  brtflfmf  lofcthcr  under  t  tingk  headtng  the  vtrtoutM- 
vrnftkom  mA  •ppo»chn  related  to  the  tecfmok)ticel  innoveitom  uied  by  ihe 
dMIrrfiH  ekmns.  logellier  m\h  their  deptoymenu  and  impacti 


tne  Study,  and,  finally,  describes  the  linkages  es* 
tablished  under  the,  limited  discipline  impcMd  by 
the  Study. 

Scope  of  Uie  GIoImI  2000  Study 

Within  the  scope  of  the  President's  directive, 
several  decisions  were  made  that  played  a  major 
role  in  (tetermining  the  ultimate  shape  of  the 
Global  2000  Study  by  alternately  selecting  and 
excluding  factors  and  considerations  related  to 
long-term  giobal  analysis: 

1.  The  mandate  of  the  Global  2000  Study  was 
to  focus  on  trends  and  changes  rather  than  on 
goals.  The  Study  was  to  look  ahead,  primarily  to 
the  year  2000  but  not  much  beyond.  It  was  con- 
cerned with  biophysical  matters,  as  opposed  to 
social,  political,  and  economic  developments. 
While  economic  considerations  were  introduced 
in  a  limited  way  to  help /tie  the  projections  to- 
gether, economic,  political,  and  social,  consider- 
ations were  essentially  outside  the  scope  of  the 
Study. 

2.  Analytic  methods  were  used  wherever  pos- 
sible, to  the  exclusion  of  more  normative  or  qual- 
itatively descriptive  approaches  that  might  have 
been  used  to  gather  ideas  and  opinions  from  coun- 
try and  sectoral  experts.*  Naturally,  the  govern- 
ment makes  use  of  many  computaticmal  inocedures 
for  policy  analysis  other  than  those  used  by  the 
Global  2000  Study,  and  many  organizational  units 
niake  use  of  sources  other  than  those  relied  on  by 
the  Study.  But,  in  general,  those  other  procedures 
produce  projections  that  are  either  not  global  and 
long-term,  (i.e  ,  to  the  end  of  the  century,  as  de- 
fined by  the  President's  directive)  or  not  generally 
used  by  the  governmental  unit  with  primary  re- 
sponsibility for  developing  the  type  of  projections 
required  for  this  Study.  Hence,  such  procedures 
were  not  included  among  the  11  elements  com- 
prising the  government's  global  model  appropri- 
ate for  meeting  the  objectives  of  this  Study,  t 

3.  Wherever  possible,  use  was  made  of  the 
tools,  data,  and  capabilities  available  within  the 

•  federal  government.  This  choice  was  made  to  fa- 


*For  example,  the  field  uiomaly  relaxation  method  for  pro- 
jecting whole-body  future  patterns,  developed  by  the  Stanford 
Research  Institute. 

t  Broadsurveysof  otherinodels  used  by  theU.S.  Government 
are  provided  in  A  Guide  lo  Models  in  Govemmenud  Planning 
oriifOlpennicmt,  Washington:  Environmental  Piotectim 
Aug.  1974,  and  in  O.  Fromm  et  al.,  Federally  Supported  Math- 
ematkal  Models:  Survey  and  Analysis,  Washington:  National 
Science  Foundation,  June  1975.  A  discussion  oi  the  evolving 
role  of  models  in  governmental  proc^ses  is  provided  in  M. 
Oreenbefgv  ^  et  al.,  Models  in  the  Policy  Process,  New  York: 
Russell  Sage  Foundation,  1976. 
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cililatc  an  evaluation  of  the  present  foundation 
for  longer-range  planning— but  as  a  result  of  this 
decision,  the  contributions  of  many  tools  available 
in  universities,  the  private  sector,  and  other  in- 
stitutions were  omitted.  A  further  consequence 
of  this  choice  is  that  individual  agency  views  were 
not  cross-evaluated  with  other  perspectives  from 
the  private  sector,  except  to  the  extent  that  these 
may  have  been  incorporated  m  the  views  and  crit- 
icisms of  the  Study's  advisers 

4.  Among  the  tools  available  in  the  federal  gov- 
ernment, it  was  necessary  to  pick  and  choose  spe- 
cific topical  areas  within  the  broader  categories 
of  population,  natural  resources,  and  the  envi- 
ronment. Some  of  these  choices  were  voluntary, 
others  were  not.  For  example,  grasslands  are  a 
resource  that  could  i.Jt  be  evaluated  in  the  time 
available.  While  mineral  consumption  is  pro- 
jected, mineral  demand,  supply,  and  price  are  not 
projected  because  the  government  has  no  capa- 
bility to  project  these  on  a  global  basis.  The  long- 
term  global  environmental  analysis  was  assembled 
from  a  large  number  of  sources,  most  of  them 
outside  the  government,  since  the  government  has 
no  capacity  for  such  analysis  that  could  be  brought 
to  bear  on  the  Study. 

5.  Among  the  many  variables  selected  for  pro- 
jection, some  basic  disaggregations  were  made. 
Hut  disaggregation  was  not  possible  in  every  case 
or,  necessarily,  in  even  the  most  significant  cases. 
For  example,  the  number,  age,  and  sex  pf  the 
world's  human  populations  were  considered,  but 
other  factors  (for  example,  educational,  rural-ur- 
ban, racial,  religious,  income,  and  other  socio- 
economic distributions)  were  not.  Total  energy 
consumption  was  considered,  but  not  in  terms  of 
the  end-use  requirements  for  low-grade  versus 
high-grade  forms  of  energy;  no  net  energy  con- 
siderations were  included.  Out  of  nearly  100  re- 
sources traded  internationally,  only  12  were 
considered.  Competition  among  crops  for  arable 
land  was  not  specifically  considered.  Also,  the 
environmental  projections  could  not  be  geograph- 
ically disaggregated  in  many  cases  because  of  the 
limitations  of  available  data. 

Linkages  Prior  to  the  Global  2000  Study 

Each  of  the  various  agencies  and  departments 
of  the  executive^ranch  of  the  federal  government 
has  always  had  some  capacity  to  make  long-term 
assessments  of  global  trends  related  to  popula- 
tion, natural  resources,  and  the  environment— 
3uch  as  the  assessments  discussed  in  Appendix  A. 
Recent  examples  include  World  Population  - 1977 
by  the  Bureau  of  the  Census,  World  Food  Situ- 
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ation  and  Prospects  to  1985  by  the  Department  of 
Agriculture,  Mineral  Facts  and  Problems  by  the 
Bureau  of  Mines,  and  World  E^.ergy  Prospects  by 
the  Department  of  Energy's  predecessor,  the  Fed- 
eral Energy  Administration. 

Prior  to  the  Global  2000  Study,  such  reports 
were  generally  prepared  largely  independently  of 
each  other.*  Little  formal  attempt  was  made  to 
ensure  that  the  assumptions  used  by  one  agency 
were  consistent  with  those  used  by  another.  Little 
consideration  was  given  to  mutual  interactions 
and  feedback  over  time.  Little  heed  was  paid  to 
intersectoral  problem  areas  and  concerns  that 
were  not  the  immediate  responsibility  or  a  special 
interest  of  that  particular  agency.  Instead,  it  was 
implicity  assumed  that  long-term  issues  relating 
to  population,  natural  resources,  and  the  envi- 
ronment could  be  studied  and  analyzed  on  a 
largely  independent  basis. 

Interaction  among  various  elements  of  the  gov- 
ernment's global  model  still  tends  to  occur  very 
infrequfently.  Even  the  activities  of  the  inter- 
agency task  forces  cited  in  Chapter  1  and  dis- 
cussed at  greater  length  in  Appendix  A  have  done 
little  to  improve  coordination  among  the  govern- 
ment's numerous  computational  procedures.  This 
is  due  largely  to  the  relatively  narrow  focus  and 
brief  life  span  of  most  of  those  procedures.  They 
tend  to  focus  on  a  single  set  of  narrowly  conceived 
factors  directly  relevant  to'  spec:a!ized  sectoral 
concerns  and  to  give  priority  to  more  pressing  and 
parochial  short-term  tasks. 

While  it  is  true  that  the  individual  reports  dis- 
cussed in  Appendix  A  have  been  independently 
prepared,  there  has  always  been  some  interaction 
between  the  agencies  as  they  proceeded  to  for- 
mulate their  projections.  But  most  interactions 
occur  as  part  of  a  relatively  slow  process.  In  gen- 
eral, one  agency  completes  and  publishes  a  study 
report,  which,  when  read  by  other  agencies,  in- 
forms the  future  study  efforts  of  those  agencies. 

Those  individual  studies  haVe  not  all  been  un* 
dertaken  at  the  same  time,  of  course,  nor  have 
they  necessarily  made  use  of  mutually  consistent 
assumptions  Thus,  while  som^j  feedback  (and 
some  interaction)  does  occur,  as  manifested  in  the 
process  just  described  (and  occasionally  in  formal 
and  informal  task  force  collaborations),  such  feed- 
back tends  to  be  extremely  limited.  Nevertheless, 
when  viewed  from  this  perspective,  a  quasi-inte- 
grated governmental  global  model  can  be  seen 


*Thc  extent  to  which  formal  "ollaborative  joint  task  force 
efforts  were  undertaken  is  discussed  in  Appendix  A  The  trend 
has  been  increasing,  but  the  Global  2000  Study  is  the  first 
official  study  to  use  all  11  elements  concurrently 
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thaVis  more  than  the  sum  of  a  set  of  independent 
elements  and  their  respective  projections. 

A  Signal  indication  of  the  relative  lack  of  direct 
interaction  among  the  elements  and  associated 
experts  (prior  to  the  Global  2000  Study)  was  pro- 
vided when  the  Global  2000  staff  met  with  the 
agency  experts  responsible  for  the  maintenance 
and  operation  of  the  1 1  elements  of  the  govern- 
ment's global  model.  With  one  or  two  exceptions 
,  at  the  most,  none  of  the  .agency  experts  had  met 
each  other  previously,  and  none  knew  anything 
about  the  assumptions,  structures,  requirements, 
and  uses  of  the  others'  cal^gfotion  procedures — 
'althougl|(on  occasion  they  were  required  to  make 
use  of  projections  developed  by  the  other  ele- 
ments. 

% 

Linkages  Under  the  Limited  Discipline  of  the 
Global  2000  Study 

The  various  agencies'  miscellaneous  published 
projections  could  have  been  used  as  the  Global 
2000  Study's  projections,'^'but  while  this  would 
have  addressed  the  first  aspect  of  the  Presidem's> 
directive  establishing  the  Study,  it  would  not  have 
addressed  the  second.  The  foundation  thu^Mtab- 
lished  would  have  been  of  unknbwn  relimlity, 
making  interpretation  of  the  projections  uncer- 
tain. Moreover,  no  basis  would  have  been  estab- 
lished for  strengthening  the  present  foundation. 

Therefore,  a  special  limited  discipline  was  es- 
tablished for  the  Global  2000  Study — that  is,  a 
conscious  choice  was  made  (1)  to  employ,  wher- 
ever possible,  the  very  tools  and  data  used  within 
the  federal  government,  and  (2)  to  employ  those 
tools  and  data  on  the  most  coordinated  basis  fea- 
sible within  the  constraints  of  the  Study.  In  keep- 
ing with  this  decision,  the  Global  2000  Study's 
central  staff  established  tbree  criteria  to  be  fol- 
lowed in  developfng  the  Study's  projections, 
namely,  that  the  projections  be  developed  using 
analytical  procedures,  wherever  possible,  which 
were  essentially  (1)  long-.^rm,  (2)  global,  and  (3) 
in  general  use  by  the  agencies  primarily  respon- 
sible for  the  type  of  projections  required  by  the 
Study. 

It  was  also  clear  that  the  normal  linkages  and 
mode  of  operation  of  the  government's  global 
model  were  not  adequate  for  the  Global  2000 
Study,  and  so  a  special  effort  was  made  to  increase 
linkages  between  the  elements  and  to  improve  the 
consistency  of  these  assumptions  by: 

•  Using  the  output  from  one  element  as  ^he  input 
to  another  whenever  this  was  readily  feasible 
within  the  time  and  resource  constraints  of  the 
Study. 


•  Providing  special  opportunities  for  relevant 
agency  experts  to  exchange  views  with  each 
other  in  order  to  encourage  them  to  make  their 
elements  (and  derived  projections)  more  mu- 
tually consistent. 

•  Providing  special  oppoVtunities  for  the  various 
agency  expert;>  to  exchange  views  with  and  re- 
ceive comments  from  various  experts  not  di- 
rectly affiliated  with  the  participating  agencies. 
This  also  was  done  to  encourage  the  agency  ex- 
perts to  make  the  elements  (and  their  derived 
projections)  more  mutually  consistent. 

The  initial  assignments  of  responsibility  to  the 
appropriate  agencies  have  already  been  presetited 
in  Chapter  1.  The  agencies  identified  experts, 
both  inside  and  outside  the  agencies,  whom^he 
agencies  considered  most  appropriate  for  dis- 
charging the  responsibility  of  preparing  the  pro- 
jections requested  by  the  Study's  central  staff. 
These  **agency  experts"  (identified  in  the  Ac- 
knowledgment section  of  the  Preface)  then  be- 
came responsible  for  selecting  atid  utilizing 
analytical  procedures  that  they  felt  t)est  met  the 
Study's  criteria. 

The  agency  experts  were  asked  to  produce  a 
first  draft  of  their  projection  in  ju^  six  weeks,  at 
which  time  they,  the  Study  staff,  and  a  small  group 
of  outside  experts*  met  for  a  weekend  synthesis 
meeting.  The  purpose  of  the  meeting  was  to  im- 
prove the  consistency  of  the  projections  and  to 
begin — at  least  subjectively — to  cpnsider  the  im- 
plications of  the  natural  resource  and  environ- 
mental projections  for  the  independently  derived 
projections  of  gross  national  product  (GNP)  and 
population.  A  certain  amount  of  difficulty  was 
anticipated  in  this  preliminary  meeting,  and,  in 
fact,  many  inconsistencies  were  revealed.  The  ex- 
perts then  decided  collectively  how  best  to  adjust 
and  modify  the  projections  to  improve  the  internal 
consistency  of  the  whole  set.  The  final  projections 
were  prepared  during  the  following  two  months. 

The  projections  had  to  be  undertaken  as  part 
of  a  sequential  process,  since  the  structures  of  the 
elements  themselVps  precluded  their  being  used 
simultaneously.  Tms  process  is  illustrated  in  Fig- 
ure 14-1.  ' 

While  .  sequential  process  permitted  sonw- 
interaction  among  the  various  elements  of  the 
government's  global  model,  many  important  link- 
ages could  not  be  included  at  all.  In  particular, 
the  population  and  GNP  projections  that  were 

*These  experts  are  also  identified  in  the  Acknowledgments 
section  of  the  Preface  to  this  volume.  A  discussion  of  their 
activities,  together  with  a  summary  of  their  views,  is  presented 
in  Appendix  B 
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Figure  14-1.    Sequential  steps  followed  in  linki.'^s  elements  of  the  government's  global  model 


prepared  during  the  first  step  were  based  largely 
on  extrapolations  of  past  trends  and  were  unin- 
formed by  interactive  feedback  from  the  resource 
and  environmental  projections  or  from  each 
other.  The  resource  and  environmental  analyses 
also  projected  developments  that  could  signifi- 
cantly feed  back  to  and  influence  each  other,  but 
these  feedbacks  were  also  not  represented  by  ex- 
plicit linkages. 

Although  an  attempt  was  made  to  develop  pro- 
jections of  resource  consumption  and  environ- 
mental impacts  using  a  single  source  for  population 
projections  and  GNP  projections,  this  effort  was 
only  partially  successfut  *  While  projections  pro- 
vided by  these  smgle  sources  w^re  used  m  pre- 
paring the  StudyN  food  and  energy  projections. 


*Another  mitia!  objective  was  to  examme  the  implications  of 
the  projections  as  the>  applied  t(^  a  specific  geographic  region 
This  examination  would  have  provided  another  test  of  the 
consistent V  of  the  projections  and  would  also  have  given  the 
global  (sometimes  nebuU>us)  projections  a  more  specific  geo- 
graphic reference  for  policy  analysis  Unfortunately  this  ex- 
anunation  could  not  \k  completed  within  the  time  and  resource 
constraints  of  the  Study  because  of  the  major  differences  in 
the  ways  that  the  various  models  represent  geographic  regions 
Nonetheless,  an  effort  was  made  in  the  preparation  of  Chapters 


they  were  not  used  m  preparing  the  climate,  tech- 
nology, fisheries,  forestry,  water,  fuel  minerals, 
and  nonfuel  minerals  projections.  Nor  were  they 
used  explicitly  in  preparing  the  environmental ' 
projections  derived  from  the  other  projections. t 
The  limited  extent  to  which  both  vertical  and 
liorizontal  linkages  were  actually  established  for 
the  Study  is  indicated  m  Figure  14-2.  Additioaal 
steps  were  taken  by  the  Study  m  order  to  obtain 
some  indication  of  the  extent  to  which  tne  envi- 
.  ronmental  impacts  projected  by  the  Study  would 
have  influenced  the  Study's  other  projections- 
had  they  been  available  and  taken  into  account 
when  those  projections  were  made.  These  steps 
were  discussed  previously  in  the  "Closing  the 
Loops**  section  of  Chapter  13  and  are  therefore 

15-23  to  provide  the  reader  with  as  much  detailed  numejic 
information  as  possible  on  one  arbitrarily  selected  region— 
North'Afnca  The  interested  reader  may  wish  to  examine  fur* 
thcr  the  additional  problems  and  inconsistencies  exposed  by 
*^drawing  this  information  together  for  purposes  of  companson. 

t  Similarly,  it  was  not  possible  to  ensure  that  the  assumption 
of  no  significant  policy  change  was  followed  in  developing  the 
various  projections  (as  shown  later,  in  Table  14-2  and  sum- 
manzed  in  the  element  descriptions  at  the  end  of  this  chapter) 
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Finrc  14-2  Linkai  cs  achieved  between  eleincnis  of  the  government's  global  model  Areas  are  pro- 
portional •  le  coriplcxiiy  of  explicit  quantitative  relationships  The  small  squares  rrpre^^ni  negligible 
complexit> 


not  discussed  further  m  this  chapter,  nor  included 
in  Figure  14^2. 

Attempts  vy  the  Study  to  link  together  the  ele- 
ments of  the  government's  global  model  focused 
entirely  on  linking  the  outputs  of  one  element 
with  the  inputs  of  another.  Because  of  the  seve^-e 
difficulties  encountered  in  meeting  even  this  lint- 
itcu  olj^ctive,  no  attempt  was  made  to  evaluate 
deeper' linkage  opportunities  or  the  challenges 
related  to  melding  tne  various  structures  and  par- 
adigms. 

A  crude  measure  of  uncertainty  surrotinding 
the  projections  was  obtained  as  part  of  the  limited 
di«:iplinc  of  the  Global  2000  Study  by  requesting 
all  participants  to  provide  high,  medium,  and  low 
varts^ns  of  their  projectior.a  whenever  feasible. 
In  practice,  the  high,  medium,  and  low  variations 


that  were  prepared  in  making  the  resource  and 
environmental  projections  were  largely  obtained 
by  varj'ing  the  population  and  GNP  assuinptions 
on  which  they  were  based.  Most  of  the  partici- 
pating agency  experts  were  reluctant  to  assign 
either  statistical  subjective  estimates  of  relative 
probability  to  in  •  e  variations. 

Even  under  tb  -mited  discipline  ot  the  Global 
2000  Study,  mul. .pie  sources  for  population  and 
GNP  projections  were  used  in  developing  many 
of  the  Study's  other  projections.  For  this  reason, 
inconsistencies  unavoidably  abound  in  the  Study's 
coHccted  set  of  projections— as  well  as  for  other 
reasons  which  will  be  discussed  later  in  this  chap- 
ter. Nevertheless,  under  the  discipline  of  the 
Study,  more  consistency  was  achieved  regarding 
linkages  as  basic  as  the  use  of  consistent  popu- 
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lanon  nd  GNP  projections  than  in  any  previous 
omci:\  governmental  projections  related  to  long, 
term  global  tr.^nds  in  population,  natural  re- 
sources,  and  the  environment.* 

Analysis  of  tha  Present  Foundation 

The  tacit  assumption  underlying  the  develop- 
ment and  use  of  each  separate  element  of  the 
government's  global  model  has  been  that  lone- 
term  global  trends  in  population,  natural  re- 
sources, and  the  environment  can  be  projected 
separately  m  an  essentially  consistent  and  accu- 
rate  manner.  This  assumption  is  false.  As  will  be 
seen  in  the  following  analysis,  projections  from 
the  government's  global  model  fail  to  meet  ^he 
most  fundamental  test  of  consistency— that  the 
basic  conclusions  of  an  analysis  shall  not  contra- 
diet  Its  basic  premises  And  because  the  conclu- 
sions are  not  mutually  consistent,  they  cannot  be 
accurate! 

While  consistency  is  a  necessary  prerequisite 
for  accuracy,  consistency  alone  does  not  ensure 
accuracy.  Projections  which  should  be  and  are 
consistent  can  nevertheless  be  wrong.  Moreover 
certain  real-world  phenomena  in  a  state  of  dy- 
namic disequilibrium  (for  example,  markets  where 
supply  anv  demarj  are  not  in  balance)  would  be 
inaccurately  represented  by  projections  in  which 
supply  and  demand  were  statically  balance '  m 
accordance  with  a  fooli  .h  consistency. 

Nor  does  accuracy  ensure  usefulness.  The  ul- 
timate usefulness  of  a  projection  (and,  in  a  sense 
.is  accuracy)  can  only  Ke  judged  relative  to  its 
intended  purpose.  And  it  is  likely  that  different 
criteria  should  be  used  to  evaluate  different  pro- 
jections, depending  on  the  purposes  for  which  the 
projections  were  developed.  Fo  example,  some 

•The  projections  reported  m  tt^is  Study  are  based  un  the  col- 
.cctive  judgment  of  the  agency  ei^rts  who  participated  m  the 
effort  In  an  effort  to  ensure  inteh^ai  consistency,  scvera'  ad- 
justments were  required  m  individual  agency  projections  As 
a  result,  the  projections  may  not  agree  completely  with  pro- 
jections previously  published  by  thr  participating  agencies 
S«nct  the  manuscript  has  not  been  subjected  to  formal  inter- 
agency clearance  procedures,  the  agencies  are  not  responsible 
for  any  error?  ,n  fact  or  judgment  fhat  may  have  occurred  in  ^ 
making  these  adjustments 

t  One  of  the  problems  m  analv7ing  models  (and  one  of  the 
strengths  of  models)  i^  that  models  change  over  time  The 
mrdels  analyzed  here  ace  the  models  used  to  develop  the 
Global  2000  ^tudy  p»ojections  Since  the  projections  w  re 
developed,  several  of  these  models  have  been  modified,  im- 
proved, or  expanded,  m  some  cases  m  response  to  problems 
and  issues  identified  in  the  course  of  this  study  The  Depart- 
rnent  of  Agriculture  has  established  links  to  th'^  International 
Institute  for  Applied  Systems  Analysis  in  Vienna  and  with  the 
Mesarovic-Pestel  World  Integrated  Model  The  Department 


projections  are  best  evaluated  in  terms  of  how 
we  I  the  underlymg  equations  are  fitteu  .o  past 
data.  Others  are  best  evaluated  in  terms  of  how 
wen  t     equations  can  be  defended  as  loeicailv 
representing  relationships  existing  in  the  r^a\ 
world.  Some  projections  are  best  evaluated  in 
terms  of  how  accurately  and  precisely  they  predict 
(  U  the  timing  ot  events  in  the  real  world  or  (2) 
the  panicular  values  pertaining  to  certain  varia- 
bles  at  particular  limes.  Others  are  best  evaluated 
in  terms  of  how  well  they  illuminate  possible  fu- 
ture  patterns  of  behavior,  even  if  the  tin.mgs  and 
magnitudes  of  the  patterns  they  project  are  not 
precisely  accurate. 

The  various  elements  of  the  government's 
global  model  were  not  designed  to  be  used  on  a 
fully  mutually  consistent  basis,  even  though  pro- 
jections developed  using  them  are  often  treated 

though  they  were.  Therefore,  it  is  in  a  sense 
urfair  to  the  designers  of  these  elements  to  ana- 
lyze them  on  a  holistic  basis— even  though  a  hol- 
istic perspective  is,  as  discussed  in  the  previous 
section,  a  basic  requirement  of  the  President's 
directive  creating  the  Study.  Moreover,  it  would 
have  been  more  unfair  to  the  designers  of  the 
elements  Jo  note  that  the  elements  are  capable  of 
performing  a  number  of  agency-specific  functions 
not  required  under  the  mandate  of  the  Global 
2000  S*  idy. 

Despite  the  numerous  inconsistencies  which  are 
about  to  be  analyzed,  the  projections  developed: 
for  this  Study  using  the  government's  fe;:obdl> 
model  are  the  most  complete  and  inter  .ally  v  on- 
sistent  ever  developed  by  *^e  executive  agencies 
of  the  government.  The  central  staff  of  the  Global 
2000  Study  concluded,  as  have  many  of  the 
Stud/s  advisers,  that  the  overall  findings  are 


of  Energy  r  exploring  frcdback  relationships  to  GNP  The 
Central  Intelligence  Agency  is  developing  an  expanded  ca- 
pability for  nonfuel  minerals  analysis  and  projections.  The 
World  Bank  has  developed  a  new  econof  x  model  which. 
Bank  analysts  report,  eliminates  many  of  the  problems  iden- 
tified in  this  report  New  projections  ;^*3o  diffrr  from  those 
prepared  for  the  Global  2000  study  .„<  World  Bank  m  p^-o- 
jecting  lower  growth  rates  The  Department  of  Energy  now 
expects  oil  price  increases  to  occur  sooner  than  projected  and 
to  have  more  impact  on  economic  growth  The  Department 
of  Agriculture  anticipates  increases  in  the  real  price  of  food 
to  occu-  'ooner  The  Bureau  of  the  Census  p  ,w  expects  life 
expectancies  to  increase  more  slowly  than  projected  in  some 
countries  While  there  have  Inren  changes  m  both  individual 
modek  and  projections,  nothing  has  changed  fundamentally 
concerning  the  problems  of  inconsistencv  and  internal  contra- 
diction that  orcur  when  an  effort  iv  made  to  integrate  the 
projections  fron  the  various  elements  of  the  government's 
globi'l  model  The  basic  problem  addressed  by  this  chapter 
has  not  changed  and  is  not  soon  likely  to  change  significantly 


ERLC 


THE  PRESENT  FOUNDATION 


461 


valid,  for  reasons  that  will  be  discussed  later  in 
this  chapter  in  the  section  entitled  'interpreting 
the  Projections." 

The  essential  problem  with  the  current  ele- 
ments of  the  government's  globil  model  (and  the 
projections  derived  from  them)  is,  of  course,  the 
fact  that  they  were  designed  to  simulate  sectoral 
aspects  of  long-term  global  trends  largely  to  tne 
exclusion  of  interactions  between  and  among  sec- 
tors, ihis  design  is  no  institutional  accident  but 
is  in  conformity  with  the  bureaucratic  division  of 
responsibility  wilhin  the  executive  agencies.*  But 
real-world  phenomena  interact — especially  in  the 
longer  term — in  ways  that  do  not  confqrm  to  the 
bureaucratic  division  of  responsibility  or  to  nar- 
rowly fjcused  sectoral  models.  Hence,  the  gov- 
ernment's global  model  in  its  present  form  can 
only  imperfectly  project  the  consequences  of 
these  interactions.  Furthermore,  in  the  absence 
of  ongoing  institutional  incentives  to  address 
crosr-sectional  interactions,  the  present  form  of 
the  government's  global  model  is  not  likely  to 
change  significantly  in  the  foreseeable  future. 

The  following  analysis  of  the  government's 
global  model  addresses  six  subjects:  (1)  the  ubiq- 
uitous and  important  inconsistencies  in  the  gov- 
ernment's global  model;  {^)  the  extent  to  which 
the  incc^nsistencies  result  from  the  use  of  diverse 
sources  of  information;  (3)  the  extent  to  which 
the  inconsistencies  are  due  to  the  absence  of  im- 
portant feedback  relationships;  (4)  the  various 
structural  differences  between  the  elements  that 
make  calibration  difficult;  (S)  some  of  the  insti- 
tutional factors  that  underlie  the  discrepancies — 
including  the  use  of  the  elements  to  develop  pro- 
jections intended  primarily  for  advocacy  pur- 
poses. 

;.iCOCtisteiit  Variable  Values 

The  11  elements  of  the  government's  global 
model  make  use  of  many  of  the  same  variables — 
for  exR^mple,  population  growth  rates.  Some  as- 
sumed values  are  assigned  to  these  variables  prior 
io  making  use  of  an  element,  while  other  values 
are  calculated  as  an  intermediate  or  final  step  in 
developing  an  eletnent's  projections. 

Ir  many  cases,  the  values  assigned  to  the  same 
variables  by  different  elements  are  inconsistent 


•Thii  fngmcnlcd  approach  is  nut  unique  to  the  executive 
branch.  Th«  V^S  Congress,  through  its  committee  structure. 
face«  similar  (but  somewhat  different)  difficulties  m  system- 
at  ^ly  analyzing  interrelated  issues. 


with  each  other.*  For  example,  one  stt  of  pro- 
jections assumed  that  population  growth  rates  in 
the  less  developed  countries  (LDCs)  would  de- 
cline significantly,  while  another  calculated  the* 
they  would  not.  One  set  of  projections  assumed 
that  per  capita  gross  national  product  (GNP)  in 
the  LDCs  would  increase  significantly,  while  an- 
other calculated  it  would  not. 

In  order  to  help  the  reader  understand  the  col- 
lective implications  of  these  numerous  inconsist- 
encies, the  following  discussion  is  divided  into 
four  subsections,  each  of  which  addresses  an  im- 
portant set  of  inconsistent  variable  values  (the 
overwhelming  number  of  environmental  projec- 
tion findings— discussed  at  length  in  i  ter  13 — 
which  explicitly  contradict  major  variable  values 
involving  virtually  all  the  other  elements,  are  not 
included).  The  first  subsection  concerns  popula- 
tion and  GNP  growth  rates;  the  second  and  third, 
commodity  trade  prices  and  volumes;  the  fourth, 
capital  and  resource  utilizaticn.  Each  subsection 
consists  of  a  paragraph  providing  a  brief  perspec- 
tive on  a  set  of  inconsistencies,  a  diagram  visually 
summarizing  the  set,  and  an  itemization  of  specific 
inconsistencies.!  The  inconsistencies  presented 
are  rep  esentative  but  not  exhaustive;  nor  are  the 
four  aggregates  into  which  they  have  been  grouped 
exhaustive.  Other  aggregates  could  have  been 
assembled  to  make  other  points,  but  these  four 
sef'mtd  sufficient  to  establish  the  ubiquity  and 
seriousness  of  the  inconsistencies. 

Incoff'^stent  Population  and  GNP  Growth  Rates 
The  niobal  2000  Study  population  and  GNP 
projections  were  developed  independently  of 
each  other  and  appear  to  be  mutually  inconsistent 
Because  these  projections  were  used  to  calibrate 
sevtra!  of  the  Study's  other  projections,  the  dis- 
tortions created  by  their  inconsistencies  have 
skewed  those  other  projections.  Additional  dis- 


*The  vanables  described  here  as  inconsistent  are  not  always 
preasely  o  *  even  approximately  commensurable  Thereforr 
the  "inconskStcnacs"  cited  in  this  discussion  should  be  under- 
stood as  apparent  only  and  subject  to  further  venfication  It 
was  not  possible  to  reconcile  them  more  closely  with  each 
other  within  the  time  and  budget  constraints  of  the  Global 
2000  Study 

t  In  these  some^^'.iat  technical  itemizations,  many  methodol- 
ogies and  reports  are  referred  to  by  short  naihes  or  abbrevi- 
tiiOns— for  example,  the  "cohort-component  methodology'* 
or  the  '*WAES  study  Providing  even  a  brief  explanation  of 
theM  terms  m  this  context  would  have  distracted  the  rcader^s 
attention  from  the  inconMstencics  that  are  the  focus  of  the 
immediate  discussion  'ilie  recder  is  referred  to  the  final  sec- 
tion of  this  chapter  for  a  brief  explanation  of  these  terms  and 
to  Chapters  15-2^,  where  each  is  descnbid  at  greater  length. 
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crcpancics  were  created  when  still  other  projec- 
tions in  the  preceding  chapters  utilized  population 
and  GNP  projections  developed  independently  of 
the  Study. 

Fii^urc  14-3  illustrates  some  of  the  inconsist- 
encies regarding  population  and  GNP  growth 
rates.  Four  of  the  11  numbered  "elements' *  con- 
sidered in  this  chapter  are  involved:  population 
(1),  GNP  (2),  food  (5),  and  nonfuel  minerals  (10). 
Four  apparent  inconsistencies  are  discussed  be- 
low: (A)  LDC  social  and  economic  development, 
(B)  LDC  population  growth,  (C)  world  popula- 
tion growth,  and  (D)  GNP  growth  in  LDCs.  The 
arrows  represent  linkages  that  should  or  did  oc- 
cur. The  broad  end  of  the  arrow  is  attached  to  the 
source  of  a  particular  type  of  information;  the 
arrowhead  indicates  where  the  information  is  re- 
quired as  an  input.  The  plus  and  minus  symbols 
locate  points  of  apparent  inconsistency  in  the  link- 
ages. ^ 

A.  LDC  Social  and  Economic  Development, 
The  food  element  (5),  the  GNP  element  (2),  and 
the  population  element  (1),  of  the  government's 
global  model  appear  to  have  posited  different 
rates  of  LDC  social  and  economic  development. 
Specifically,  the  Department  of  Agriculture's 
GOL  (Grain,  Oilseed,  Livestock)  model  pro- 
jected (in  the  medium-growth  case,  over  the 
1970-2000  period)  that  global  per  capita  food  con- 
sumption will  increase  only  slightly  and  that  this 
increase  will  not  be  evenly  distributed,  so  that 
declines  will  be  experienced  in  some  LDCs.  Sim- 
ilarly, the  WAES  (Workshop  on  Alternative  En- 
ergy Sources)  study,  which  is  an  integral  part  of 
the  GNP  element  (2),  projected  (in  the  medium- 
growth  case,  which  averages  the  two  WAES 
cases,  over  the  1985-2000  period)  that  in  some 
countries  (e.g.,  Brazil,  Mexico,  Bangladesh)  real 
per  capita  GNP  (calculated  using  the  Global  2000 
Study's  population  projections)  is  likely  to  in- 
crease only  marginally  and  that  in  others  (e.g  , 
Pakistan)  real  per  capital  GNP  is  likely  to  decline 
In  contrast,  the  Census  Bureau's  cohort-compo- 
nent methodology  assumed  (in  all  i\  ice  cases 
over  the  1975-2000  period)  that  all  LDCs  will 
continue  tc  make  moderate  progress  in  social  and 
economic  development. 

B.  LDC  Population  Growth.  The  population 
element  (1)  and  the  GNP  element  (2)  appear  to 
have  posited  different  population  growth  rates  in 
the  LDCs.  Specifically,  the  Census  Bureau's  co- 


•"^hc  number  following  each  clement  is  the  sequence  number 
arbitrarily  assigned  to  that  element  m  the  last  section  of  this 
«<ipter 


hort-componeni  methodology  projected  (in  the 
medium-growth  case,  over  the  1975-2000  period) 
that  the  LDCs  will  not  experience  significantly 
lower  total  population  growth  rates  over  the  1985- 
2000  period  relative  to  the  1975-85  period— that 
is,  the  average  annual  growth  rate  over  the  1985- 
2000  period  (2.09  percent)  was  projected  to  be 
only  0.07  percentage  points  lower  than  the  aver- 
age annual  growth  r^te  over  the  1975-^5  period 
(2.16  percent).*  In  contrast,  the  WAES  study  ar- 
bitrarily reduced  all  GNP  growth  rates  (including 
those  of  the  LDCs)  by  roughly  10~30  percent  (in 
br  th  WAES  cases,  over  the  1985-2000  period)  to 
reflect  the  projected  impact  of  assumed  declining 
population  growth  rates  on  GNP  growth. 

C.  World  Population  Growth,  fhe  population 
element  (1)  and  the  nonfuel  minerals  element  (10) 
appear  to  have  posited  different  population  growth 
rates  for  the  industrialized  nations  relative  to 
world  population  growth  rates.  Specifically,  the 
Census  Bureau's  cohort-component  methodology 
projected  (in  the  medium-growth  case,  over  the 
1975-2000  period)  that  average  annual  U.S.  and 
U.S.S.R.  population  growth  (0.6  and  0.8  percent, 
respectively)  will  oe  significantly  lower  than  av- 
erage annual  worid  population  growth  (1.8  per- 
cent)- Respite,  for  example,  a  projected  20  percent 
increase  in  V.^  fertility  rates  over  the  same  pe- 
nod.  In  contrast,  the  1977  Malenbaum  Report 
relied  upon  by  the  Department  of  the  Interior 
assumed  (in  the  one  case  presented,  over  the 
197S-2000  period)  that  average  annual  U.S.  and 
U.S.S.R,  population  growth  (1.0  and  1.3  percent, 
respectively)  will  be  less  dramatically  lower  than 
average  annual  world  population  growth  (1.9  per- 
cent). 

D.  GNP  Growth  in  LDCs.  The  GNP  element 
(2)  and  the  nonfuel  minerals  element  (10)  appear 
to  have  posited  different  GNP  growth  rates  in  the 
LDCs.  Specifically,  the  WAES  study  projected 
(in  the  nedium-growth  case,  which  averages  the 
t\.o  WAES  cases,  over, the  1975-2000  period)  that 
collectively  African,  Asian,  and  Latin  American 
GNP  will  increase  roughly  ^  percent  per  year.  In 
contrast,  the  lOU  (Intensity  of  Use)  methodology 
relied  upon  by  the  Department  of  the  Interior 
assumed  (in  the  one  case  presented,  over  the  . 
197:^-2000  period)  that  collectively  African,  A^ian 
and  Latin  American  GNP  will  increase  roughly 
3.5  percent  per  year. 


*In  the  Bureau  of  the  Census  high -growth  scries,  the  average 
annual  population  i?rov  'h  rate  m  the  LDCs  actually  increases 
from  2  32  percent  per  year  over  the  1975-^5  pcnod  to  2.39 
percent  per  year  over  the  1985-2000  pcripd. 
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Rgvre  14*3.  lncot'<'$tem  population  and  GNP  growth  rates. 
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Inconsistent  Commodity  Trade  Prices 
Major  disparities  exist  among  many  of  the  ele- 
ments of  the  government's  global  model  regarding 
commodity  price  projections.  Not  merely  tne  ex- 
tent of  real-price  changes,  but  even  the  direction 
of  such  changes,  is  inconsistently  projected  with 
regard  to  fundamental  price  variables  involving 
fertilizer,  nonfuel  minerals,  food,  and  energy. 

Figure  14-4  illustrates  major  inconsistencies 
regarding  coinmodit)  price  projections.  Five  ele- 
ments of  the  government's  global  model  are  in- 
volved: GNP  (2),  food  (5),  energy  (7),  fuel 
mmerals  (8),  an4  nonfuel  minerals  (10).  Four  in- 
consistencies in  commodity  trade  prices  are  dis- 
cussed below:  (A)  fertilizer  prices,  (B)  mineral 
prices,  (C)  food  prices  and  (D)  energy  prices. 

A.  Fertilizer  Prices.  The  nonfuel  minerals  ele- 
ment (10)  and  the  food  element  (5)  of  the  gov- 
ernment'&^ldbal  model  appear  to  have  posited 
different  grovAth  rates  in  real  fertilizer  prices.  Spe- 
cifically, the  te77  Malenbaum  Report  relied  on 
by  the  DepartWnt  of  the  Interior  projected  **a 
gradual  weakenihg^of  demand  forces  relative  to 
supply  forces"  and  concluded,  therefore,  that 
"the  long-term  tendency,  1985  and  7 JOO,  may  thus 
be  for  lower  materials  prices  (including  those  in- 
volved in  the  production  of  fertilizers]  relative  to 
prices  of  the  final  products  in  which  they  are 
used."  In  contrast,  the  Department  of  Agricul- 
ture's GOL  model  assumed  that  fertilizer  prices 
will  increase  in  response  to  rising  energy  prices 
(in  the  rising-energy-price  cas2  and  the  pessimistic 
case,  over  the  1970-2000  period),  though  the  ex- 
act assumed  fertilizer  price  increases  are  not  ex- 
plicitly disaggregated  from  other  cost  assumptions. 

B.  Mineral  Prices.  The  nonfuel  minerals  ele- 
ment (10),  the  GNP  element  (2),  and  the  energy 
element  (7)  appear  to  have  posited  different 
growth  rates  in  mineral  prices — at  least,  with  re- 
spect to  copper  and  tin.  Specifically,  the  1977 
Malenbaum  Report  relied  on  by  the  Department 
of  the  Interior  projected  **a  gradual  weakening  of 
demand  forces  relative  to  supply  forces"  and  con- 
cluded, therefore,  that  "the  long-term  tendency, 
1985  and  2000,  may  thus  be  for  lower  materials 
prices  relative  to  prjces  of  the  final  products  in 
wh'ch  they  are  used."  In  contrast,  the  World 
Bank  s  SIMLINK  (SIM  lated  trade  LINKages) 
model  assumed  growth  in  average  real  prices  f  )r 
copper  and  tin  (in  all  three  cases»  over  the  1975-^ 
85  period)  to  be  roughly  5.2  and  2.5  percent  per 
year,  respectively.  Also  in  contrast,  the  Energy 
Department's  lEES  (International  Energy  Eval- 
uation System)  model  assumed  (in  all  four  cases. 


over  the  1975-90  period)  that  the  various  re- 
sources indirectly  required  to  produce  energy 
(e.g.,  nonfuel  minerals)  will  be  available  in  un- 
limited supply  at  current  real  prices. 

C.  Food  Prices.  The  food  element  (5)  and  the 
GNP  element  (2)  appear  to  have  posfted  different 
growth  rates  in  real-worid  food  priccs^at  least, 
with  respect  to  \  .^.eat.  Specifically,  the  Agricul- 
ture Department's  GOL  model  projected  that  the 
real,  price  of  wheat  (in  the  medium-giowth  case, 
over  the  1970-85  period)  will  increase  2.1  percent 
per  year.  In  contrast,  the  World  Bank's  SIMLINK 
model  assumed  that  the  real  price  of  wheat  (in  all 
three  cases,  over  the  1975-85  period)  will  decline 
at  roughly  0.6  percent  per  year. 

D.  Energy  Prices.  The  energy  element  (7),  the 
GNP  element  (2),  and  the  fuel  minerals  element 
(9)  appear  to  have  posited  different  growth  rates 
in  energy  price^at  least,  with  respect  to  petro- 
leum pricey.  Specifically,  preliminary  projections 
made  by  the  Energy  Department's  lEES  model 
for  the  Study  showed  that  the  world  demand  for 
petroleum  is  likely  to  exceed  world  supply  (at  con- 
stant real  1978  prices)  well  before  the  year  2000; 
therefore,  new  projections  were  developed  arbi- 
trarily assuming  a  5  percent  per  year  increase  (in 
the  nsing-en?rgy.price  case,  over  the  1980-1990 
period),  which  showed  that  equilibrium  condi- 
tions for  supply-and-demand  quantity  and  prices 
would  be  likely  to  be  achieved  under  this  as- 
sumption. In  contrast,  the  World  Bank's  SIM- 
LINK model  assumed  that  real  petroleum  pnces 
(in  all  three  cases,  over  the  1975-8^  period)  will  *f 
remain  constant  at  1975  levels.  Also  in  cpntrast, 

U.S.  Geological  Survey  Circular  725  (from  which  \ 
the  Study's  U.S.  oil  and  gas  resource  and  reserve 
estimates  wen*  derived)  assumed  a  continuation 
of  1974  priced  and  of  price-cost  relationships  and 
technological  trends  generally  prevailing  a  few 
years  prior  to  1974. 

Inconsistent  Commodity  Trade  Volumes 
As  in  the  case  of  commodity  prices,  major  dis- 
parities exist  among  many  of  the  elements  of  the 
government's  global  model  regarding  commodity 
trade  volume  projections.  The  GNP  projections, 
for  example,  assumed  lower  growth  rates  in  worid 
food  trade  tnan  projected  by  the  food  elcmcni 
and  higher  growth  rates  in  wprld  minerals  trade 
than  projected  by  the  nonfuel  minerals  element. 

Figure  14-5  illustrates  some  of  the  major  in- 
consistencies regarding  commodity  trade  vol- 
umes. Four  elements  of  the  government's  global 
model  are  involved:  GNP  (2),  food  (5),  fisheries 
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(6),  and  nonfuel  minerals  (10).  Four  inconsist- 
encies are  discussed  below:  (A)  fish  supply,  ^ 
U.S.  fertilizer  consumption,  (C)  food  trade,  and 
(D)  minerals  trade. 

A.  Fish  Supply.  The  fisheries  element  (6)  and 
the  food  element  (5)  of  the  government's  global 
model  appear  to  have  posited  different  growth 
rates  in  world  fish  catches.  Specifically,  the  Com- 
merce Department's  judgmental  forecasting  pro- 
cedures projected  (in  the  medium  case,  the  only 
case  projected,  over  the  1975-2000  period)  fflST 
while  catches  of  some  species  may  increase,  others 
are  likely  to  decrease,  keeping  the  total  annual 
fish  catch  essentially  constant.  In  contrast,  the 
Agriculture  Department's  total  food  submodel 
assumed  in  essence  that  the  size  of  each  country's 
fish  catch  (except  in  the  case  of  Japan)  will  provide 
a  constant  percentage  of  the  food  needs  of  each 
countr}'  (in  all  four  cases,  over  the  1975-2000  pe- 
riod), implicitly  requinng  that  the  annual  fish 
catch  for  each  country  (except  Japan)  increase  at 
essentially  the  same  rate  as  population. 

B.  U.S.  Fertili^r  Consumption.  The  food  ele- 
ment (5)  and  the  nonfuel  minera\^  element  (10) 
appear  to  have  projected  different  growth  rates 
in  U.S.  fertilizer  consumption  relative  to  growth 
rates  in  the  rest  of  the  world — at  least,  with  re- 
spect to  phosphate  rock  (v^hich  is  used  primarily 
for  fertilizer).  Specifically,  the  Agriculture  De- 
partment's fertilirer  submodel  projected  growth 
in  U.S.  fertilizer  consumption  (in  the  medium, 
constant-energy-pricc  case,  the  only  case  pro- 
jected, over  ihe  197^-7000  period)  to  be  some 
what  lower  (3.2  percent  per  year)  than  in  the  rest 
of  the  world  (4.0  percent  per  year).  In  contrast, 
the  Interior  Department's  calculaMons  (loosely 
based  on  the  1972  Malenbaum  Report)  projected 
growth  in  U.S.  consumption  of  phosphate  rock 
(in  the  most  probable  case,  over  the  1973-2000 
period)  to  be  significantly  lower  (2.6  percent  per 
year)  than  in  the  rest  of  the  world  (5.9  percent 
per  year). 

C.  Food  Trade.  The  food  element  (5)  and  the 
GNP  element  (2)  appear  to  have  posited  different 
growth  rates  in  world  food  trade — at  least,  with 
respect  to  wheat.  Specifically,  the  \griculture 
Department's  GOL  model  projected  growth  in 
trade  in  wheat  between  all  countries  (in  the  nie- 

'  dium-growth  case,  over  the  1970-85  period)  »o  be 
4.1  percent  per  year.  In  contrast,  the  World 
Bank's  SIMLINK  model  assumed  growth  in  trade 
in  wheat  between  the  industrailized  nations  and 
the  LDCs  (in  all  three  cases,  over  the  1975-85 
period)  to  be  2.5  percent  per  year. 


D.  Minerals  Trade  The  nonfuel  minerals  ele- 
ment (10)  and  the  GNP  element  (2)  appear  to 
have  posited  different  growth  rates  in  quantities 
of  minerals  traded  in  world  markets— at  least  with 
respect  to  a-.uminum  and  zinc.  Specifically,  the 
lOU  methodology  relied  upon  by  the  Department 
of  the  Interior  projected  growth  in  world  con- 
sumption of  primary  aluminum  and  zinc  (in  the 
one  case  presented,  over  the  1973-85  period)  to 
be  4.2  and  3.3  percent  per  year,  respectively.  In 
■^trast,  the  World  Bank's  SIMLINK  model  as- 
sumed growth  in  trade  H  a  collective  category  of 
cerwin  key  minerals  (ni  ;ely ,  bauxite,  lead,  pbos- 
phat\  rock,  silver,  and  zinc)  between  the  indus- 
trialiAd  nations  and  the  LDCs  (in  all  three  cases, 
ove^he  1975-85  period)  to  be  6.3  percent  per 

J}tt9iisisf£nt  Capital  and  Resource  Uiilizanon 

No  consistent  accounting  was  made  cf  capital 
and  resource  allocations  among  the  eleven  ele- 
ments of  the  government's  global  model.  Thus, 
significant  omissions  or  double-counting  :nay 
have  been  implied  in  projected  levels  of  water 
availability  and  some  forms  of  capital  investment 
Significant  omissions  or  double-counting  may  also 
be  involved  in  assumptions  regarding  the  future 
allocation  of  land  and  labor.  But  it  is  impossible 
to  compare  these  assumptions  in  this  discussiorl. 
since  they  were  completely  inexplicit  in  almost  all 
elements  and  could  not  be  inferred  without  ex- 
tensive analysis  beyond  the  scope  and  resources 
of  the  Global  2000  Sturfy. 

Figure  14-6'  illustrates  some  of  the  significant 
omissions  or  double-counting  that  may  have  oc- 
curred regarding  capital  and  resource  utilization 
Six  elements  of  the  government's  global  model 
are  involved:  GNP (2),  food  (5),  water  (6),  energy 
(7).  energy  residuals  (8).  and  nonfuel  minerals 
(10).  Four  inconsistencies  arc  discussed  belo\\' 
(A)  water  availability.  (B)  investment  m  agrcul- 
tural  inprovement.  (C)  investment  m  pollution 
control,  and  (D)  LDC  resource  conirumpiion 

A.  Water  Avadabihty.  The  water  element  (6), 
the  food  element  (5),  the  GNP  element  (2\  the 
energy  element  (7),  and  the  nonfuel  minerals  ele- 
ment (10)  appear  to  have  posited  different  levels 
of  water  availability.  Specifically,  the  judgmental 
forecasting  procedures  used  by  the  Study's  water 
consultants  projected  (in  the  medium  case,  the 
only  case  presented,  over  the  1975-2000  period) 
that  problems  of  water  shortage  will  be  more 
widespread  and  severe  by  2000  than  they  are 
now — in  part  as  a  result  of  exteqsivc  deforesta- 
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tion.  In  cx)ntrast,  the  Agriculture  Department^ 
GOL  model  assumed  (m  all  four  cases,  over  the 
197O-2000 period)  noexpbcitlimitationson  water 
availability  (at  current  real  prices  y,  although  lim- 
itations on  arable  land  were  explicjtly  considered. 
Also  in,  contrast,  the  World  Bank's  SIMLINK 
modcfassumed  (in  all  three  cases,  over  the  1975- 
85  period)  that  foreign  exhcange  earnings  rather 
than  savings,  capital,  or  labor  will  constrain  GNP 
growth  in  the  LDCs;  resource  availability  (e.g., 
water)  was  not  assumed  to  be  a  bindin^^  constraint. 
Also  in  contrast,  the  Energy  Department's  lEES 
model  assumed  (in  all  four  cases,  over  the  1975- 
90  period)  thai  the  various  resources  indirectly 
required  to  produce  energy  (e.gJ,  water)  will  be 
available  in  unlimited  supply  at  current  real 
prices.  Also  in  contrast,  the  lOU  methodology 
relied  upon  by  the  Department  of  the  Interior 
assumed  (in  the  one  (fase  presented,  over  the 
1973-2000  period)  that  long-term  growth  in  min- 
erals and  materials  consumption  will  not  be  gov> 
emed  by  supply  limitations  (e.g.,  water). 

B.  Investment  in  Agricultural  Improvement. 
The  food  element  (5\  and  the  GNP  element  (2) 
appear  to  have  assumed  different  growth  rates  in 
investment  for  agricultural  improvement.  Specif- 
ically, the  Agriculture  Department's  GOL  model 
assumed  (in  all  four  cases,  over  the  1970-2000 
period)  that  major  increases  m  public  and  private 
investment  will  be  made  throughout  the  world  to 
increase  cropped  areas.  In  contrast,  the  World 

•  Bank's  SIMLINK  model  assumed  (in  all  three 
cases,  over  the  1975-85  period)  that  the  propor- 
tion of  an  LDC's  GNP  allocated  for  agricultural 
impro\cment  w  Jl  not  vary  markedly  fr6m  recent 
historic  experience. 

C.  Investment  m  Pollution  Control.  The  energy 
residuals  element  (8),  the  GNP  element  (2).  and 
the  energy  element  (7)  appear  to  have  assumed 
different  growth  rates  in  investment  for  pollution 
control.  Spcjificall>,  the  Energy  Department's 
lEES-ESNS  (International  Energy  Evaluation 
System-Ficrgy  System  Network  Simulator)  model 
assumed  (in  all  three  cases,  1975-90)  that  an  ex- 
tremely large  investment  in  pollution  control  tech- 
nologies will  be  made  by  all  countries  by  1985  sc 
that  by  that  time  all  energy  conversion  facilities 
throughout  the  world  will  meet  or  will  have  been 
retrofitted  to  meet  1978  U.S.  new  source  per- 
formance standards  for  carbon  monoxide,  sulfur 
dioxide,  nitrous  oxides,  and  particulates.  In  con- 
trast, the  World  Bank's  SIMLINK  model  assumed 
(in  an  three  cases,  over  the  1975-85  period)  that 
the  proportion  of  an  LDC  s  GNP  allocated  for 
environmental  protection, will  not  vary  markedly 


from  recent  historfc  experience.  Also  incontrasl, 
the  Energy  Department's  lEES  model  assumed 
(in  all  four  cases,  over  the  19757-90  period)  that 
the  real  cost  of  applying  technology  to  protect  the 
environment  will  not  significantly  increase  the 
real  cost  of  building  or  operating  energy  facilities 
in  the  future 

D.  LDC  Resource  Consumption.  The  energy 
element  (7)  and  the  nonfuel  mineralselement  (10) 
appear  to  have  assumed  different  growth  rates  in 
LDC  resource  consumption,  although  compari- 
sons are  not  easily  made.  Specifically,  the  Energy 
Department's  lEES  model  implicitly  assumed  (in 
all  four  cases,  over  the  1975-90  period)  that  in- 
dustiialization  within  the  LDCs  will  not  cause 
LDC  resource  consumption  (energy  in  this  case) 
to  increase  faster  than  the  LDCs  growth  in  GNP. 
In  contrast,  the  lOU  methodology  relied  upon  by 
the  Interior  Department  assumed  (in  one  case 
presented,  over  the  1973-2000  period)  that  in- 
dustrialization within  the  LDCs  will  require  them 
to  consume  increasing  amounts  of  resources  (in 
this  case,  minerals  and  materials)  per  unit  of  per 
capita  GNP  as  industrialization  proceeds. 

Use  or  Diverse  Sources  of  Information 

There  are  a  number  of  inconsistencies  among 
the  elements  of  the  government's  global  model 
due  to  the  different  elements  making  use  of  dif- 
ferent sources  of  mformaUon  for  the  same  sets  of 
assumptions. 

For  example,  many  federal  agencies,  including 
the  Departments  of  Agriculture,  Energy,  and  the 
Interi6r  have  customarily  made  use  of^  interna- 
tional population  estimates  and  projections  de- 
veloped by  organizations  other  than  the  Bureau 
of  the  Census.  These  estimates  vary  widely,  as 
may  be  seen  in  the  following  recent  estimates  of 
the  average  annual  rate  of  LDC  population 
growth  n  1975" 


U  S  Agency  for  International  Development 
U  S  Bureau  of  the  Census 
U  N  Secretariat.  Population  Division 
Environmentat  Fund  {privately  sptinsored) 


Percrnt 

1  8« 

2  25 
2  34 
2  S5  ' 


Projections  of  future  population  growth  rates  are 
usually  even  more  divergent  than  these  estimates 
of  past  population  growth  rates. 

Many  federal  agencies  have  also  often  made 
use  of  divergent  international  GNP  projections 
developed  by  organizations  other  than  the  World 
Bank's  Economic  Analysis  and  Projections  De- 
partment. The  State  Department's  Agency  for 
International  Development,  for  example,  has  cus- 
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TABLE  14-2 

Selected  Contrasting  Assumptions  of  the  11  Elements  of  tlie  GovernmeMfs  Global  Model 


The  II 


of  the 

GovcmiiMars 
GMmI  Model 


Cases  Presented 


Selected  PoNcy 
Afsumplloiis 


Selected 

Popabitlor< 

Asramptioitt 


Selected 

Selected  GNP  ^^elcctcd  CHmate  Technology 
Assmnpttms        AsfumpCloQi  AMMpClom 


1  Population  a 


High-growth 
case 

Medium- 
growth  case 
Low-growth 
case 


Major  exten^tion 
of  family 
planning 
throughout  the 
world 


Zero  net 
migration 
between  regions 


Moderate  social 
and  economic 
progress 
throughout  the 
wdrid  over  the 
1975-2000  - 
period 


Not  considered 


2  GNP 


High-growth 
case 

Medium-  * 
growth  case 
Low -growth 
case 


Continuation  or 
implementation 
of  prudent 
policies  to 
maximize  export 
earnings 


Major  reduction 
in  population 
growth  rates  in 
all  countnes 
over  the  1985- 
20UU  penod 


GNP  growth  in 
LDCs  largely 
dependent  on 
industnal  nation 
GNP  growth 


Not  considered 


No  major 
technology 
breakthroughs 
or  setbacks 
affecting  fertility 
or  mortality 
rates 

Major  increasing 
returns  on  most 
LDC  gross 
capital 
investment 


3  Climate 

a 

Warming 

Dchberate 

Not  explicitly 

Not  explicitly 

Extreme  climatic 

Deliberate 

case 

human  efforts  to 

considered 

considered 

change  not 

human  efforts  to 

b 

Constant 

temperature 

case 

modify  climate 
excluded 

considered 

modify  climate 
excluded 

c 

Cooling  case 

5  FixKl 


The  same 

Extensive 

No  major 

Major  increasing 

technology 

deployment  of 

technical 

returns  on  most 

as&umptions 

family  planning. 

breakthroughs 

LDC  capital 

usually  applied 

nuclear-power 

or  setbacks 

investment 

to  all  cases 

and  air 

affecting  fertility 

pertaining  to  a 

pollution- 

or  mortality 

given  element. 

abatement 

rates 

no  coord  in  a;  ton 

technologies 

of  assumptions 

(some  of  which 

among  different 

may  require 

elements 

significant  policy 
changes  in  some 
countries) 

a  Optimistic 

Major  public 

a   Global  2000 

a 

Global  2000 

case 

and  private 

low-growth 

high'growth 

b.  Middle  case 

investment  in 

case 

case 

c  Pessimistic 

agricultural  land 

b  Global  20(X) 

b 

Global  2000 

case 

development 

medium- 

medium* 

d^  Rising- 

continued. 

growth  case 

growth  case 

cnergy-pnce 

worldwide  shift 

c  Global  2000 

c 

Global  2000 

case 

toward  more 

high-growth 

tow -growth 

fossil-fuel- 

case 

case 

intensive 

d  Global  2000 

d 

Global  2000 

agricultural 

medium- 

medium- 

techniques 

growth  case 

growth  case 

Deliberate 
human  efforts  to 
modify  climate 
excluded 


Major 

technological 
progress  in  j 
almost  all 
projections*  no 
technological 
setbacks  or 
adverse  side 
effects 
anticipated 


Explicit 
assumption  of 
no  climatic 
change 


Widespread 
deployment  of 
fertilizer  and 
other  yield- 
enhancing 
tnpbts, 
producing 
sticadily 
increasing 
yields — 
comparable  to 
the  increases 
experienced 
Over  the  past 
two  decades. 


ERIC 


5G0 


THE  PRESENT  FOUNDATION 


471 


Forestry,  md 
Sdtcted  Food  Water 
Aw—iytloiM  Aieompttoro 

Not  explicitly 
considered 
(except  as 
noted  under 
-Selected 
GNP 

Assumptions") 


Selected  Energy 
Assumptions 


Selected  Enerey 
RcMoab 


Selected  Fuel 

Minerals 

Assumptions 


Selected 
Nonnid 
Minerals 
Assumptions 


Selected 

EnYironmental 

AanmptioM 


Not  explicitly  Not  explicitly  Not  explicitly  Not  explicitly 

considered  considered  considered  considered 

(except  as  noted  ^except  as  noted  (except  as  noted  (except  as  noted 

under  "Selected  under  "Selected  under  "Selected  under  "Selected 

GNP  GNP  GNP  GNP  ' 

Assumptions")  Assumptions")  Assumptions")  Assumptions") 


Not  explicitly 
considered 
(except  as  noted 
under  "Selected 
GNP 

Assumptions") 


Not  explicitly 
considered 
(except  as  noted 
under  "Selected 
GNP 

Assumptions") 


Lower  trade 
volumes  at 
lower  prices 
than  Global 
2000  food 
projections 


Not  explicitly 
considere'd 


Unlimited 
energy  at 
constant  real 
prices 


Not  considered 


Unlimited 
energy  at 
constant  real 
pri. 


Higher  trade 
volumes  at 
higher  prices 
than  Global 
2000  nonfuel 
minerals 
projections 


Not  explicitly 
considered 


Not  explicitly 
considered 


Not  explicitly 
considered 


Not  explicitly 
considered 


Not  explicitly 
considered 


Not  explicitly 
considered 


Not  explicitly 
considered 


Not  explicitly 
considered 


^ enha 


Widespread 
deployment  of 
fertilizer  and 

:r  yteld- 
enhancing 
inputs, 
produang 
steadily 
increasing 
yields 

comparable  to 
the  increases 
experienced 
over  the  past 
two  decades 


Developnient  of 
less  wasteful 
methods  for 
harvesting 
nontraditional 
fish  species, 
development  of 
less  wasteful 
meih/[)ds  and  of 
methods  for 
exploiting: 
nontraditional 
forestry  species, 
water 

assumptions 
unknown 


Widespread 
deployment  of 
light-water 
nuclear  electric 
power  plants 


By  1985.  alt 
count !:> 
energy  facilities 
retrofitted  to 
meet  U  S  new 
source 
performance 
standards  for 
C  O  SO,.  NO, 
and  particulates 


Continuation  of 
the  price-cost 
relationships  and 
technical  trends 
generally 
prevailing  in 
years  pnor  to 
1974  assumed  in 
all  U  S  oil  and 
gas  resource  and 
reserve 
estimates 


Increasingly  less 
intensive 
mineral  use  in 
highly 

industrialized 
countries, 
increasingly 
more  intensive 
mineral  use  in 
LDCs 


Side  effects  of 
technology, 
coupled  with 
institutional  and 
social  problems, 
appear  to  be  the 
root  cause  of 
many  of  the 
world's  most 
serious 

environmental 
problems.  Hut 
technology  can 
also  solve  many 
problems 


No  major 

Major  increases 

a 

Constant         Not  considered 

No  fuel  resource 

No  nonfuel 

No  large  scale 

increase  in 

in  fish  catches 

energy  price 

-constraints 

minerals 

land  degradation 

meat  share  of 

implicitly 

b 

Constant  ^ 

(other  than 

resource 

due  to 

LDC  diets 

assumed. 

energy  price 

price) 

constraints 

environmental  ^ 

adverse  impacts 

c 

Global  2(KK) 

(except  energy 

or  human 

of  deforestation 

rising-energy- 

price  effects) 

factors  (other 

not  considered. 

price  case 

than 

explicit 

d 

Global  2000 

urbanization) 

assumption  of 

rising-energy- 

and  no  increased 

unlimited  water 

price  case  ( In 

pest  resistance 

at  constant  real 

all  cases. 

prices 

unliinitcd 
energy  supply 
assumed  at 

> 

Cited  costs) 
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Table  14-2  (com.) 


«rthe 

GavcnuMiit's 
GMMlModd 


I  Prcfcntcd 


Selected  Pmky 
AssumpUom 


Sdecwd 

Population 

AssuraptkMM 


Selected  GNP 

AMBptlollS 


Selected  CUBoate 


Selected 
TediBoloiy 


6.  Fisheries 


Forestry 


A  single 
medium  case 


Ifnproved 
management  of 
fisheries  and 
protection  of  the 
marine 

environment  on 
a  worldwide 
basis 


Assumptions  not 
expliat 

4 


Assumptions  not 
explicit 


Not  considered 


De\  dopment  of 
methods  for 
harvesting 
nontradftional 
fish  species 


A  single 
medium  case 


Some  policy 

changes 

throughout  the 

world  regarding 

current 

deforestation 

practices 


Assumptions  not  Assumptions  not  Not  considered 
explicit  explicit 


Developmenr  of 
less  wasteful 
production 
techniques  and 
of  methods  for 
exploiting 
nontraditional 
forestry  species 


Water 


Higher  case 
Lower  case 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


7  Energy 


Energy 
residuals 


9.  Fuel 
minerals 


a.  Optimistic 

'  case 
b  Middle  case 
c  Pessimistic 

case 
d  Rising- 

energy-price 

case 


Implementation 
of  more 
effective  energy 
conservation 
programs  within 
the  OECD 
countries, 
OPEC  countnes 
to  supply  oil  to 
meet  residual 
demand  up  to 
their  maximum 
production 
capacity 


Global  2000 

low-growth 

case 

Global  200O 
medium- 
growth  case 
Global  2000 
high-growth 
case 

Global  2000 
medium- 
growth  case 


Global  2000 
high -growth 
case 

Global  2000 
medium- 
growth  case 
Global  2000 
low-growth 
«ase 

Global  2000 
medium- 
growth  case 


Not  considered 


Widespread 
deployment  of 
light-water 
nuclear  electric 
power  plants 


a 


Optimistic 
case 
b.  Middle  case 
c  /^simistic 
case 


Major  public 
and  private 
investment  in  at^- 
pollution 
abatement 
technologies  by 
all  countnes 


Not  explicitly 

considered 

(except  as 

derived  from 

preceding 

energy 

projections) 


Not  explicitly 

considered 

(except  as 

derived  from 

preceding 

energy 

projections) 


Not  considered 


By  1985.  all 
countnes* 
energy  faalities 
retrofitted  to 
meet  U.S.  new 
source 
performance 
standards  for 
CO,  SO.,  NO., 
and  particulates 


A  single 
medium  case 


Continuation  of 
1974  prices 
assumed  in  all 
U  S  o:!  aod  gas 
resource  and 
reserve 
estimates 


Not  considered     Not  considered     Not  considered 


Continuation  of 
the  price-cost 
relationships  and 
technical  trends 
generally 
prevailing  in 
years  prior  to 
1974  assumed  in 
all  U  S  Oil  &fld 
gas  resource  and 
reserve 
estimates 
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Selected  Food 
Amiinptioiis 


Selected 
FWieries, 
Forestry,  and 
Water 

AsMunptiofis 


Not  considered  Water 

projections  not 
*  considered 


Selected  Energy    Selected  Fuel 
Selected  Energy    Residwab  Minerals 
Assumptions        Ajmunpdoas  Assumptions 


Selected 
NonfM 
Minerals 
Assumptions 


Selected 
Environment 


Not  considered     Not  considered     Not  considered     Not  considered 


No  significant 
pollution 
affecting  growth 
of  fisherv  stocks, 
no  •significant 
losses  of 
estuarian  areas 


Not  considered  Water 

projections  not 
considered 


Unknown 


Not  considered     Not  considered     Not  considered     Not  considered 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


No  significant 
impacts  affecting 
forest  growth 
(e.g  ,  acid  ra>n, 
increased  UV 
radiation,  or 
increased  pest 
resistance) 

 ^ 

Unknown 


Not  considered 


No  nonfuel 
resource 
constraints  in 
the 

industrialized 
count  nes 
(except  as 
limited  by 
GNP).bio- 
energy  resource 
constraints  in 
the  LDCs 


Net  energy  not 
explicitly 
'considered 


Not  considered 


Not  directly 
related  to  the 
Study's  fuel 
minerals 
projections 


No  nonfuel 
resource 
^constraints 
(except  as 
limited  by  GNP) 


Not  explicitly 
considered 


Not  considered  No  resource 
constraints 


Global  2im 

optimi!itic 

case 

Global  urn 
middle  case 
Global  20(X) 
pessimistic 
case 


No  capital 
Hivestmeni 
constramts 


Not  considered     Not  considered 


Not  considered 


Not  explicitly 
considered 


Not  directly 
related  to 
Study's  energy 
projections 


Not  considered 


Net  energy  jn< 
explicitly  yf 
considered 


lOt 


Not  explicitly 
considered 


,  6y  1985,  all  " 
countries* 
ejiergy  facihties 
Retrofitted  to 
meet  U  S  new 
source 
performance 
standards  for 
CO,  SO,,  NO,, 
and  particulates 


Not  exphcitly 
considered 
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Table  14-2  (cont.) 


Thtll 


GhMM^dd    CaMS  Prwftlcd 


Selected  INtHcy 
Aasumptions 


Selected 

PopulatkNi 

Asfumptloiis 


Sdccted^NP 
Amimptioiif 


Selected  CUmate 

AsMunpcioiie 

Selected 


Sckdcd 


10. 


Nonfuel 
minerals 


A  single 
medium  case 


No  changes 


Single  set  of 
projections 
derived  from 
U  N  projectibns 


Single  set  of 

projections 

bised  on 

Malenbaum.'s 

personal 

judgment 


Not  considered 


Increasingly  less 
intensive  y 
•mineral  use  in 
highly 

industrialized 
countries; 
increasingly 
more  intensive 
mineral  use  in 
LDCs 


Environ- 
ment 


A.. 


Same  case5  as 
provided  for 
each  element, 
but  generally 
only  medium 
cases  analyzed 


No  policy 
changes  (except 
as  derived  from 
preceding 
'  projections) 


Global  2000 
medium  case 


Global  2000 
medium  case 


Several 
environmental 
developments 
assumed 
potentially 
capable  of 
influencing 
global  climate 


Technologies  are 
generally 
available  to 
address  the 
world's  most 
serious 

environmental 
problems  (e.g  ; 
soil  erosion  and 
deterioration), 
social  and 
institutional 
problems  (not 
technological 
problems)  are 
often  the 
primary 
impediment  to 
environmental 
protection 


tomarily  relied  on  the  World  Bank's  .generally 
more  optimistic  individual  country  analyses.  The 
Department  of  Agriculture*s  Economics,  Statis- 
tics, and*G>operatives  Service  has  customarily 
used  projections  developed  by  the  U  N.  Food  and 
Agriculture  ^Organizfition  (FAO).  The  Depart- 
ment of  Energy's  Energy  Information  Adminis- 
tration has  used  projections  made  by  the 
intergovernmental  Organization  for  Economic 
Cooperation  and  Development  (OECD).  Hie  In- 
terior Department's  Bureau  of  Mines  has  reUed 

,  on  intemationil  economic  projections  developed 
by  Professor  Wilfred  Malenbaum  of  the  Univer- 

'  iitylaf  Pennslyvania.* 


*Tht  FAO  tad  OECD  projectiont  have  tended  to  be  tignif- 
Icttttly  hifhef  than  thoae  of  the  World  Bank  and  Pfofesior 
Malenbaum.  Moreover,  th«se  projection  differences  have 
tended  to  be  significantly  greater  on  a  regional  or  c6untry  by 
cibuntry  baiii  thaa  on  a.global  basts. 


Under  the  limited  discipUne  achieved  by  the 
Globai2000  Study,  much  more  consistent  use  than 
heretofore  was  made  of  the  projections  developed 
using  the  population  and  GNP  elements  by  other 
elements  of  tb^  government's  global  model. 
Nevertheless,  inconsistent  assumptions  abound, 
as  shown  in  Table  14-2/which  provides  a  cross- 
index  of  selected,  diverse  assumptions  used  by  the 
elements.  Many  of  these  inconsistent  assumptions 
are  described  in  greater  detail  in  the  summaries 
of  the  various  elements  presented  in  the  last  sec- 
tion of  this  chapter  and  in  Chapters  15-23. 

Even  a  single  set  of  assumptions  may  contain 
internal  inconsistencies  as  a  result  of  being  com- 
piled from  diverse  sources*  For  example,  the  U.S. 
government  does  not  maintain  its  own  single,  con- 
sisteni  source  of  GNP  projections.  The  GNP  pro- 
jections ir.ast  frequently  used  pertaining  to  the 


ERLC 


57j 


THE  PRESENT  FOUNDATION 


475 


SdcdcdFood 


Sckctcd 

Forcttry,  and 
Water 


Selected 

Selected  Energy    Selected  Furl  NonfM 
Selected  Energy    MAukt  Mlnerab  Minerab 

Anumptkws  A— iptiuM        Ammptiom  Ammptlote 


Selected 
EavlroMiaital 


Not  considered 


Expliat 
assumption  of 
no  resource 
constraints 


Explicit 
assumption  of 
no  resource 
constn  ints 


Explicit 
assumption  of 
no 

environmental 
constraints 


Explicit 
assumption  of 
no  resource 
contraints* 


Explicit 
assumption  of 
no  resource 
constraints 


Explicit 
assumption  of 
no 

environmental 
constraints 


Global  2000 
ruiii|-«nergy* 
prke  case 


Global  2000 
medium  case 


Global  2000 
nsing-energy- 
price  case 


Glotfel  2000 
medium  case 


Global  2000 
medium  case 


Global  2000 
medium  case 


Considered 
extensively  on  a 
comprehenfive, 
interrelated 
basis 


OECD  countries*  are  those  assembled  by  the 
headquarters  staff  of  the  OECD.  The  most  fre- 
quently used  GNP  projections  for  the  LDCs  are 
those  developed  by  the  World  Bank.  The  .tost 
frequently  used  GNP  projections  for  the  centrally 
planned  economies  an  those  developed  by  the 
U.S.  Central  Intelligence  Agency 

Eadh  of  these  sources  prepares  its  projections 
using  different  statistical  conventions  and  inde- 
pendently developed  assumptions  regarding  the 
future.  Such  GNP  projections  are  therefore  not 
internally  consistent,  as  noted  in  Chapter  3.  Be- 
cause they  are  not  collectively  niaintained  by  the 


*Tbf  Orpniiatiow  fcr  Economic  Cooperttion  and  Develop- 
meot  iadydes  Uic  foUowiiyl  ootintnet:  Australia,  Austria,  Bel- 
gium, Cinada,  Deomark,  Fkilaiid,  Ftaooe,  the  Federal  Republic 
'  o(  OerauMiy,  Oreeoe,  Iceland,  Ireland,  Italy,  Japan,  Luxem- 
bouT|,  the  Netheriaodi,  New  Zealand,  Norway,  Portugal, 
Spain,  Sweden,  Switzerland,  Turkey,  the  United  Kinf^lom, 
and  the  United  Sutes. 


U.S.  government,  it  was  not  possible  within  the 
mandate  and  constraints  of  the  Global  2000  Study 
to  examine  in  any  detail  the  assumptions  under* 
lying  the  GNP  projections  routinely  used  by  the 
government.*  What  information  is  available  sug- 
gests that  population,  resources,  and  Xhr  environ- 
ment are  not  taken  into  account  through  any 
explicit  functional  relationships  and  are  included 
only  judgmentally,  if  at  all. 

Three  further  problems  related  to  the  use  of 
diverse  sources  for  GNP  projections  are  noted 
below.  They  are  representative  of  the  types  of 
problems  encountered  when  diverse  sources  are 
also  used  for  population,  food,  energy,  and  other 
projections: 


*However,  one  important  computer  model  uied  to  develop 
QH?  projections  (the  World  Bank  i  SIMLINK  model)  it  dia- 
cussed  in  lome  detail  in  Chapter  16. 
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.1.  The  GNP  projections  published  by  the 
OECD  fo/  its  member  nations  are  widely  re- 
garded as  "pious  hopes."  To  obtain  a  measure  of 
realism,  the  World  Bank  has  routinely  adjusted 
the  OECD  projections  substantially  downward 
before  using  them.  Further  downward  adjust- 
ments were  made  by  the  WAES  study*  (and  rec- 
ommended for  Global  2000  Study  use  by  World 
flank  analysts)  to  account  for  the  fact  that  those 
GNP  projections  have  in  the  past  been  based  on 
the  assumption  made  by  individual  OECD  nations 
that  they  will  be  able  in  the  future  to  import  un- 
realistically  large  amounts  of  OPEC  oil. 

2.  The  World  Bank's  projections  of  LDC 
growth  rates  assume  that  the  primary  force  dnving 
LDC  economic  progress  is  growth  in  the  econ- 
omies  of  the  industrialized  countries.  As  yet,  nei- 
ther the  theory  nor  the  specific  numbers  involved 
in  this  assumption  have  been  adequately  vali- 
dated. The  theoretical  and  numeric  basis  under- 
lying the  GNP  projections  fof  the  centrally  planned 
economies  are  subject  to  even  less  generaf  agree- 
ment. * 

3.  ^The  Global  2000  Study's  per  capita  GNF  fig- 
ures come  directly  from  combining  the  population 
and  GNP  projections,  which  were  developed  in- 
dependently of  each  other  and  have  been  shown 
previously  in  this  chapter  to  be  mutually  incon- 
sistent. Mcffbpver.  in  projecting  beyond  about  10 
.years,  all  the  Study's  GNP  projections  have  been 

.  based  on  a  simple  exponential  growth  model  in- 
volving an  assumed  percentage  of  annual  com- 
pound growth.  This  exponential  growth  assump- 
tion produces  absurd  results  in  the  long  runt  and 
assumes  implicitly  that  no  resources  or  environ- 
mental constraints  will  be  encountered  that  can- 
not be  overcome  by  unspecified  technological 
developments  (which  themselves  arc  further  as- 
sumed to  create  no  constrammg  resource  or  en- 
vironmental problems)  To  the  extent  that  the 
GNP  projections  include  any  consideration  of 
population,  natural  resources,  or  the  environ- 
ment, that  consideration  is  exogenous,  judgmen- 
tal, and  not  open  to  examination  or  verification 


•The  World  Alternative  Energy  Strategies  study  sponsored  b> 
the  Massachusetts  Institute  of  Technology,  which  k  discussed 
in  Chapter  16  The  GNP  ijrojections  for  LDCs  developed  for  ^ 
^  that  study  are  presented  as  part  of  the  Globai  im)  Study's 

GNP  projections  in  Chapter  3 

t  World  Bank  analfsts  note  that  their  official  GNP  protections 
rarely  extend  more  than  10  years  into  the  future  The  expo- 
nential growth  rates  mentioned  above  were  developed  as  a 
speaal  accommodation  to  the  needs  of  the  WAES  study  and 
were  never  intended  to  be  applicable  beyond  the  year  2(KX) 
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Absence  of  Feedback 

A  second  critical  factor  accounting  for  the  in- 
consistencies previously  presented  is  the  general 
lack  of  feedback  betweeli  elements  of  the  gov- 
ernment's global  model.  Under  the  limited  dis- 
cipline (described  earlier  in  this  chapter)  established 
by  .he  Global  2000  Study,  only  a  few  basTc  link- 
ages were  made  between  the  elements,  as  shown 
schematically  in  Figure  14-2.  But  even  if  a  much 
more  strict  and  comprehensive  discipline  had 
been  possible  (for  example,  the  use  of  single 
sources  of  information  for  related  input  assump- 
tions required  by  the  elem  nts),  two  fundamental 
structural  problems  related  to  feedback  would 
have  been  encountered  in  attempting  to  link  the 
elements  together  on  a  consistent  basis: 

•  The  elements  have  been  designed  to  accom- 
modri??  only  the  sequential  unidirectional  link- 
ages previously  shown  in  Figure  14-1— that  is, 
the  population  and  resource  projections  must 
precede  the  resource  projections,  which  must 
precede  the  environmental  projections. 

•  The  sets  of  assumptions  which  are  made  prior 
to  using  many  of  the  elements  are  "frozen"  in 
the  sense  of  not  being  responsive  to  changed 
conditions  in  the  course  of  projection  compu- 
tations. 

These  two  problems  are  actually  two  dimen- 
sions of  the  same  feedback  issue.  The  first  prob- 
lem, regarding  sequential  unidirectional  linkages, 
focuses  on  intersectoral  distortions— the  fact  that 
certain  sectors,  are  represented  in  the  govern- 
ment's global  model  a^  influencmg  others,  but  as 
not  themselves  being  influenced  by  others.  The 
second  problem,  regarding  "frozen"  sets  of  as- 
sumptions, focuses  on  temporal  distortions— the 
fact  that  the  general  absence  of  feedback  produces 
increasingly  severe  incc  sistencies  the  further  into 
the  future  the  projections  arc  extended. 

Sequential  Unidirectional  Linkages.  In  most  of 
the  elements  of  the  government's  global  model, 
population  and  GNP  are  conceived  as  "driving 
forces."  Given  assunr.cd  levels  of  population  and 
GNP,  the  various  elements  calculate  the  con- 
sumption of  food,  energy,  minerals,  and  other 
resources.  But  no  calculations  are  made  regarding 
the  influence  of  the  scarcity  or  abundance  of  food, 
energy,  minerals,  and  other  resources — as  pro- 
jected by  their  respective  elements— on  popula- 
tion or  GNP.  Similariy.  no  calculations  are  made 
regarding  the  influence  of  environmental  fac- 
tors— as  projected  by  the  environmental  elc- 
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mcni— on  population,  GNP,  or  the  various  natural 
resources.* 

In  fhe  case  ^  the  population  projections,  for 
example,  certain  extremely  general  assumptions 
are  made  regarding  social  and  economic  devel- 
opment, and  in  many  cases  these  are  inconsistent 
with  the  projections  developed  by  other  elements.. 
But  there  is  little  or  no  provision  in  the  population 
element  itself  that  would  allow  precise,  expficit, 
quantitative  adjustments  in  the  element's  calcu- 
lations to  be  made  in  response  to  the  precise, 
explicit,  quantitative  calculations  made  by  the 
other  elements! 

In  short,  the  issue  is  not  merely  that  the  reverse 
linkages  have  not  been  made  (for  example,  from 
per  capita  food  consumption  to  population)  but 
that4he  current  structural  design  of  the  elements 
generally  precludes  their  being  made.  The  pop- 
ui&tion  and'GNP  elements  are  essentially  incap- 
able of  taking  precise  account  of  the  results  of  the 
natural  resource  projections.  And  the  population, 
GNP,  and  natural  resource  elements  are  incapa- 
ble of  taking  precise  account  of  the  resuUs  of  the 
environmentai  projections.  In  actuality,  of  course, 
they  take  little  or  no  account  of  them  at  all- 
precise  or  imprecise.  While  the  environmental 
^element  is  not  capable  of  taking  the  results  of  the 
population,  GNP,  and  resource  elements  pre- 
cisely into«account,  it  does  at  least  consider  them 
qualitatively. 

It  should  also  be  noted  here  that  even  if  the 
models  were  structured  so  as  to  facilitate  the  es- 
tablishment of  the  needed  reverse  linkages,  many 
of  the  linkages  would  have  to  be  established  con- 
jeclurally  because  the  empirical  evidence  pres> 
et)tly  available  is  limited.  However,  even  a  con- 
jectural linkage  would,  in  most  cases,  be  far  pref- 
ctable  to  the  assumption  of  no  hnkage  when  such 
an  assumption  is  known  to  be  significantly  in  er- 
ror. Furthermore,  if  sensitivity  tests  show  the  lin- 
kage to  he  a  critical  and  sensitive  linkage,  priority 
can  thus  be  established  for  the  collection  of 
needed  empirical^data. 

"Frozen**  Sets  of  AssumpUons.  Each  element 
of  the  government  s  global  model  makes  use  of 
sets  of  assumptions  (i.e.,  time-series  inputs)  which 
may  be  thought  of  as  "frozen.''  They  are  frozen 
in  the  sense  that  they  are  determined  prior  to 


•The  very  significant  effects  that  the  environmentai  projec- 
tions could  be  expected  to  have  on  the  population.  GNP.  and 
resouro:  projections  are  discussed  under  "Closing  the  Loops" 
in  ChApte»13.  However.  a5  pointed  out  in  that  chapter,  all  of 
the  projections  retain  their  basically  opcn^loop  character  be- 
caiuc  none  of  the  missing  feedback  linkages  could  actually  be 
ettabliihed  through  direct  dynamic  effects  01  the  elements* 
calculations 


using  the  element  and  are  not  altered  in  response 
to  changed  conditions  implied  by  calculations 
made  by  the  element  and  by  the  other  elements. 
In  other  words,  there  is  no  feedback  from  the 
element*s  computations  to  the  onginal  set  of  fro- 
zen assumptions.  « 
Eor  example,  as  already  shoilvnin  Figure  J4-2: 

•  The  population  projections  were  developed 
with  fixed  assumptions  regarding  social  and 
economic  progress. 

•  The  gross  national  product  projections  were 
developed  with  fixed  assumptions  regarding 
population  growth. 

•  The  energy  projections  were  developed  with 
fixed  as^mptmns  regarding  population  and 
GNP  growth, 

•  The  food  projections  were  developed  with  fixed 
assumptions  regarding  increases  in  population, 

•ONP,  and  energy  prices. 

•  The  population,  GNP,  and  resource  projections 
were  developed  with  fixed  assumptions  con- 
cerning the  environment. 

•  The  environmental  projections  were  developed 
with  fixed  assumptions  concerning  the  popula- 
tion, GNP,  and  resource  projections. 

In  some  cases,  the  set  of  fixed  or  frozen  as- 
sumptions used  by  one  element  may  summarize 
( the  projections  developed  through  the  complex 

^  calculations  of  another  element.  Often  these  com- 
plex calculations  are  summarized  in  the  form  of 
simple  trme-series  data  or  fitted  equations.  In 
other  cases,  the  set  of  froZ(.n  assumptions  may 
come  from  a  source  entirely  outside  the  govern- 
ment's global  aiodel  and  may  explicitly  contradict 
calculations  made  by  another  element  of  that 

.  nodel.  Often  these  frozen  assumptions  are  not 
explicitiv  stated  in  quantitative  tenns,  but  may 
nevertheless  be  inferred^for  example,  in  terms 
of  some  commodity  being  available  in  unlimited 
supply  or  at  constant  real  prices,  or  both. 

The  government's  long-term  global  projections 
implicitly  assume  either  (1)  that  the  use  of  frozen 
sets  of  assumptions  would  produce  logically  con- 
sistent projections  or  (2)  that  any  inconsistencies 
would  b^elatively  inconsequential  in  vieW  of  sim- 
plifications made  in  the  overall  representation  of 
the  global  system  and  data  uncertainty.  These 
assumptions  tend  to  be  valid  for  short-term  (i.e., 

'  1-2  yeaf)  projections — where,  in  the  absence  of 
major  dislocations,  major  trends  gelleraily  tend 
to  perpetrate  themselves  forward  smoothly — but 
are  increasingly  dubious  when  the  projections  ex- 
tend for  5,  10,  20,  or  more  years.  As  projections 
are  extended  further  into  the  future,  feedback  in- 
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teractions  become  incrCw»ingiy  important  ma* 
jor  trends  collide  with  one  another  and  are 
deflected  Arom  their  original  paths  in  complex 
ways.  The  elements  of  the  government's  global 
model  are  generally  not  structured  and  linked  to- 
gether in  a  way  that  allows  such  deflections  to 
occur.  As  a  result,  the  trends  override  one  another 
and  produce  increasingly  serious  inconsistencies 
as  the  projections  move  further  into  the  future. 

Slrvctiiral  IncompadbUittes 

Any  model  of  reality  necessarily  selects  and 
excludes  relationships  and  data  in  order  to  clarify 
the  issues  it  is  intended  ta  simulate.  Thus,  the  11 
elements  of  the  government's  global  model  nat- 
urally embody  simplifications,  limitations,  and 
omissions  that  may  weH  have  been  entirely  ap- 
propriate for  the  purposes  for  which  the  elements 
were  originally  designed,  but  which  make  effec- 
tive coordination  between  elements  extremely 
difflcult.  The  inability  or  failure  to  transfer  infor- 
mation represented  in  one  element  according  to 
one  set  of  structural  conventions  to  a  different 
element  utilizing  a  different  set  of  structural  con- 
ventions provides  a  third  explanation  for  the  in- 
consistencies previously  presented. 

Most  elements,  for  example,  make  use  of  dif- 
•  ferent  conventions  for  representing  the  world  geo- 
graphically, which  makes  coordination  difficult. 
Some  elements  provide  great  detail  on  the  West- 
em  industrialized  nations  and  little  detail  on  the 
LDCs,  or  vice  versa,  while  most  provide  almost 
no  detail  on  the  centrally  planned  economies. 
Some  elements  are  fundamentally  incapable  of 
simulating  interactions  among  separate  geo- 
graphic regions  except  through  changes  in  exog- 
enous assumptions  (so  that  interregional 
adjustments  cannot  be  taken  into  account  by 
them).  Other  elements  are  fandamentally  interre- 
gional, that  is,  their  basic  purpose  is  to  project 
future  interregional  trade  balances,  based  on  the 
assumption  that  static  economic  equilioriiHITcon- 
ditions  will  obtain  in  the  future  in  a  way  that  max- 
imizes total  world  economic  efficiencv  for  the 
sector  for  which  the  projection  is  developed. 

A  perspective  on  the  geographic  differences 
among  those  elements  with  the  most  complex  ex- 
plicit quantitative  relationships  is  presented  in  the 
first  five  maps  in  the  colored  iiiap  section.  These 
maps  illustrate  the  extent  to  which  each  element 
(1)  aggregates  (or  disaggregates)  the  various  re- 
gions of  the  world  and  (2)  makes  independent 
(or  interdependent)  projections  for  those  regions. 
The  maps  also  show  the  level  of  detail  represented 
in  each  aggregate. 

Most  elements  make  use  of  diiCerent  conven- 


tions for  representing  temporal  change,  which 
also  adds  to  the  difficulties  of  coordination.  Some 
elements  are  theoretically  capable  of  projecting 
well  beyond  the  year  2000,  others  were  not  de- 
signed to  project  beyond  1985  or  1990.  Some  ele- 
ments were  designed  to  calculate  equilibrium 
balances  between  supply  and  demand  at  equili- 
brating prices  and  are  fundamentally  incapable  of 
simulating  change  over  time,  except  through 
changes  in  exogenous  assumptions.  This  means 
that  they  cannot  take  into  account  dynamic  dis- 
equilibria.  Other  elements  are  fundamentally  dy- 
namic— that  is,  their  basic  purpose  is  to  display 
trends  ^nd  modes  of  behavior  over  time. 

Other  major  structural  differences  and  limita- 
tions include: 

•  Many  elements  are  based  on  analytic  methods 
that  require  crucial  interdependent  variables  to 
be  projected  independently  in  advance. 

•  Many  requite  these  variables  not  to  exceed  his- 
torial  ranges  or  rates  of  growth.  ^ 

•  Most  are  incapable  of  simulating  fundamental 
structural  change. 

•  Many  have  limited  capacity  to  integrate  incon- 
sistent inputs  developed  using  other  analytical 
methods. 

Many  of  the^e  differences  are  summarizeu  on 
an  element  by  element  basis  in  Table  14-3,  A 
more  complex  account  of  them  is  provided  in  the 
last  section  of  this^hapter  and  in  Chapters  15-23. 

« 

InsdtiitkMial  Factors  Underlying  the 
Dbcrepwides 

Many  institutional  factors  underlie  the  incon- 
sistencies. As  Table  14-3  shows,  eacK  of  the  il 
dements  of  the  government's  global  model  <vas 
developed  in  a  different  bureaucratic  context.  It 
would  be  surprising  indeed  if  the  elements  did  not 
significantly  differ  from  each^'other  since  each  was 
developed 

•  by  different  people  (even  experts  differ  among 
'  themseiyes), 

•  at  different  times  (the  real  world  changes  over 
time), 

•  using  different  perspectives  and  methodologies 
(which  use  different  simplifying  assumptions 
and  different  computational  techniques), 

•  to  meet  different  needs  (affecting  the  selection 
of  assumptions  and  the  vali<^at1on  of  calcula- 
tions). 

Moreover,  it  would  be  naive  not  to  recognize 
that  projections  and  the  procedures  used  to  pro- 
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TABLE  14^3 

Selected  InstttaUonal  and  Structural  Differences  Among  the  Elements  of  the  Government's  Global  Modd 


Element 


Primwy  Source 
of  Projections 


Primary 
Computational 
Procedures 


First  Major 
Use 


1.  Populttkm^ 


2.  GNP 


3.  Climate 


4.  Technology 


5.  Food 


6.  F^hervs. 
forestty.  and 
water 

7.  Energy 


Census  Bureau;  Cohort-component 

University    of  methodology 
Chicat^o 

WAES    Study  SIMLINK  model. 

(MIT)  and  World  judgmental  extrapola- 

Bank  tion 


National    De-  Weighted  expert  opin- 
fense  University  ion 
study  (CIA) 


Early  19305 


1974 


Diverse  inde- 
pendent sources 


Diverse  unrelated 
methodologies 


Department  of  GOL  model 
Agriculture 


NOAA;   CIA;  No  expliat  quantita- 
Dcpartment  of  tive  model 
the  Interior 

Depart|pen(  of  lEES  model 
Energy 


8.  Energy  re-  Department  of  lEES-ESNS  model 


siduals 


9.  Fuel 
minerals 


Energy 


Independent  ex-  Ecletic  (based  on  many 
pert  (affiliated  previous  studies) 
with  the  Depart- 
ments of  Energy 
and  the  Interior) 


10. 


Nonfuel 
minerals 


Professor  Mai- 
enbaum  (Untver- 
«ity  of  Pennsyl- 
vania) 


lOU  methodology 


11.  Environment '  Multiple  sources  No  explicit  quannta- 
cooroinated  by  live  model  • 
Study  staff  ' 


1977 


Diverse 


1974 


Diverse 


1977 


1978 


Diverse 


1972 


Diverse 


Major 

Geographic 

Temporal 

Representation 

Representation 

The  world  in  23 

197  WOOD 

independent  re- 

(dynamically 

gions 

calculated) 

Pnmartlv  A  1  Fl/^ 
•  linialllj  D  L«L/v^ 

iV/j— OJ 

aggregates,  with 

(dynamically 

limited  interac- 

calculated) 

tion 

198^2000 

(informally 

extrapolated) 

The  world  in  8 

1977-^, 

regions  « 

1981-90. 

(discontinuously 

calculated) 

Usually  global 

No  consistent 

only 

representation 

The  world  in  28 

1985 

interrelated  re- 

2000 

gions 

(discontinuously 

calculated) 

Typically  by  in- 

2000 

terrelated  eco- 

(in formally 

system 

extrapolated) 

The  world  in  5 

1985 

interrelated  re- 

1990 ^ 

gions 

(essentially 

discontinuously 

calculated) 

The  world  in  5 

1985 

independent  re- 

1990 

gions 

(discontinuously 

calculated) 

No  consistent 

No  temporal 

representation 

dimension 

The  wortd  in  10 

1985 

independent  re- 

2000 

gions 

(discontinuously 

calculated) 

Number  of 

Cases 
Examined 


The  industrial 
and  developing 
economies  and' 
selected  ecosys- 
tems, on  an  in- 
terrelated basis. 


Generally 

2000 
(informally 
extrapolated) 


1  per 
element 


i.ii 


In  geiieral, 
I 


No  consistent 
selection  of 
cases 


duce  .them  have  frequently  been  criticized  by 
Congrestioniil  cdilimittees  and  others  is  subject 
to  influe&oes  not  purely  analytical  in  origin.  Each 
agency  has  its  own  responsibilities  and  interests, 


its  own  constituencies,  and  its  own  pet  projects. 
Often,  an  agency  finds  it  nelpful  to  use  advanced 
analytic  techniques  (and  associated  projections) 
as  weapons  in  the  adversary  process  of  initiating. 
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justifymg,  and  defending  its  programs.  As  a  re- 
sult, there  have  been  many  occasions  in  which  the 
elements  (and  associated  projections)  of  the  gov- 
ernment's global'model  have  been  used  in  support 
of  (or  in  opposition  to)  highly  controversial  pro- 
grams, and  the  credibility  of  the  projections  has 
become  a  subject  for  debatci^^^js  has  been  es- 
pecially true  in  receni  times,  as  both  the  issues 
and  the  advanced  analytic  procedures  used  for 
examining  the  issues  have  become  increasingly 
implex  and,  in  a  sense,  incomprehensible  to 
many  nonexperts. 

Under  these  conditions,  government  agencies 
have  occasionally  been  accused  of  falsifying  the 
data  on  which  their  projections  ace  based  or  of 
adding  "fudge  factors"  to  equations  to  produce 
desired  results.  While  these  accusations  are  rel- 
atively infrequent,  agencies  have  often  been  ac- 
cused of  carefully  tailoring  the  assumptions 
underlying  their  analyses  so  as  to  ensure  that  de- 
sired results  are  attained  in  a  way  that  is  analyt- 
ically defensible.  To  the  extent  that  these 
circumstances  occur,  they  contribute  to  the  in- 
consistencies previously  presented. 

Interpreting  the  Projections 

The  preceding  analysis  has  iHttified  inconsist- 
encies, incompatibilities,  and  other  problems, 
which  must  inevitably  raise  questions  regarding 
Ithe  validity  of  the  projections  presented  in  P^rt 
I,  Chapters  2-13.  Some  of  these  problematic  is- 
sues are  discussed  below.  • 

V^Udtty  or  the  Bask  Findings 

'  Before  discussing  the  implications  of  the  prob- 
lems identified  in  the  preceding  section  of  this 
chapter,  it  is  important  tojxnnt  out  that  the  pro- 
jections presented  in  Part  I  nevertheless  represent 
the  most  consistent  set  of  projections  ever  devel- 
oped making  use  of  the  set  of  elements  that  con- 
stitute the  government's  global  model.  No 
alternative  governmental  prc^jections  currently 
available  provide  a  mOre  logically  coherent  foun- 
dation for  the  government's  longer-term  plan- 

-^ning.  This  is,  of  course,  because  the  Global  2000 
Study  represents  the  first  occasion  in  which  even 
an  effort  (regardless  of  its  deficiencies)  has  been 
made  to  apply-^llecttvely  and  consistently— the 
global,  16nger-term  methodologies  routinely  used 
by  the  government  to  project  trends  regarding 
pcijnilation,  natural  resources,  and  the  environ- 
ment. 

With  this  in  mind,  it  may  be,  helpful  for  the 
reader  to  review  some  of  the  mo«t  basic  findings 
of  Part  I.  Only  the  most  fundainental  adjustments 
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to  the  elements  of  the  government's  global  model 
would  change  the  basic  thrust  of  the  following 
findings. 

Population,  Total  world  i>opulation  growth 
rates  will  not  decline  significantly  by  the  year 
2000.  Instead,  roughly  twice  as  many  additional 
new  people  will  be  added  to  the  world's  popula- 
tion over  the  1975-2000  period  (on  a  net  basis) 
as  were  added  over  the  1950-1975  period.  A  very 
large  proportion  of  this  population  growth  will 
occur  in  the  LDCs,  particularly  in  South  Asia, 
Africa,  and  Latin  America. 

GNP.  Per  capita  GNP  Increases  about  55  per- 
cent woridwide,  but  increases  only  marginally  in 
several  LDCs.  The  problems  leading  to  the  de- 
cline in  the  growth  of  per  capita  GNP  will  become 
more  intense. over  the  1985~2Qp0  period. 

Climate.  Should  any  climate  change  occur,  its 
most  adverse  effects  (largely  involving  changes  in 
average  temperature,  precipitation  patterns,  and 
weather  variability)  are  likely  to  be  felt  in  the 
temperate  regions,  where  most  of  the  world's 
major  food-exporting  nations  are  located. 

Food.  Globed  per  capita  food  consumption  will 
not  increase  significantly,  despite  major  increases 
in  real  food  prices  and  in  agricultural  investment. 
Declines  in  per  capita  food  consumption  will  occur 
in  many  of  the  poorest  LDCs,  with  the  most  rapid 
declines  occurring  over  the  1985-2000  period.  . 

Resource  Prices.  The  real  prices  of  food,  fish, 
lumber,  water,  and  energy  will  increase  signifi- 
cantly, with  the  steepest  increases  occurring  over 
the  1985-2000  period.' 

The  Environment.  Major  strains  will  be  placed 
on  ecological  systems  tHroughout  the  world  aAd, 
as  a  result,  the  goods  and  services^hat  have  here- 
tofore been  provided  by  the  environment  can  no 
longer  be  simply  taken  for  granted.  The  signifi- 
cant deterioration  in  terrestrial,  aquatic,  and  at- 
mospheric environrnents  projected  to  occur 'Ground 
the  world  wiU.inevjtably  impact  adversely  on  ag- 
^ricultural  productivity,  human  morbidity  and 
mortality,  overall  economic  development,  and 
perhaps  even  on  climate— among  other  factors. 
These  strains  are  likely  to  felt  most  strofigly 
in  the  LDCs  toward  the  end  of  the  century,  though 
there  is  much  current  evidence  of  their  existence. 


*  This  particular  finding  raises  several  important  economic 
questkma.  If  the  real  prices  of  these  commodities  increase  as 
projected,  for  what  corresponding  commodities  will  real  prices 
demaac?  If  no  compensating  real-price  decreases  are  pro- 
jected, what  do  thcK  ^'real"  price  increases  mean  theoreti- 
caIly-5of  even  semantically?  Unfortunately^  even  attempting 
to  'devekip  answers  !o  these  difficult  questions  would  have 
eioeeded  the  tkne  and  resource  constraints  of  the  study. 


^  / :) 


THE  PRESENT  FOUNDATION  '  ^ 


481 


In  short,  increasingly  severe  stresses  will  be  felt 
on  a  global  basis  toward  the  end  of  tN  century. 
These  stresses  will  be  most  severe  in  the  world's 
poorest  nations,  but  the  industrialized  countries 
will  also  feel  their  effects. 

It  is  the  conclusion  jOf  (he  staff  of  the  Global 
2^  Study  and  many  of  the  Study's  advisers  that 
these  basic  findings  are  qualitatively  correct,  even 
taking  into  account  the  many  current  deficiencies 
of  the  government's  global  model.  There  are  three 
major  reasons  for  holding  this  view: 

1.  They  represent  no  radical  departures,  for  the 
most  part,  from  projections  published  over  many 
vears  Dy  their  respective  sources. 
i.  They  are  supported  collaterally,  for  the  most 
part,  by  alternative  projections  developed  by  nu- 
merous organizations  with  similar  sets  of  sectoral 
concerns. 

3.  They  are  supported  (in  terms  of  many  of  their 
most  basic  thrusts)  by  projections  developed  usins 
a  set  of  less  complex  but  more  highly  integrated 
global  models.*  t 

If  anything,  the  severity  of  the  effects  of  these 
basic  t/ends  may  be  understated,  due  to  the  very 
limited  feedback  between  the  elements  of  the  gov- 
ernment's global  model.  This  view  is  largely  cor- 
roborated by  projections  developed  us;  ig  more  - 
highly  integrated  models. 

It  is  also  the  conclusion  of  the  staff  of  the  Global 
2000  Study  and  many  of  the  Study's  advisers — in 
view  of  the  preceding  analysis  in  the  government's 
global  model — that  it  is  impossible  to  assign  a  high 
probability  to  any  of  the  specific  numeric  projec- 
tions presented  in  the  preceding  chapters. 

BiasM  Due  to  Inconsistciit  Variabk  Values 

The  complex  patterns  of  bias  caused,  by  the  in- 
consistent variable  values  used  by  different  ele- 
ments of  the  governipent's  global  model  make 
adjustment  extremely  difficuh.  In  particular,  a 
chicken-and-egg  problem  is  encountered  in  at-* 
temptiQg  to  make  simple  quantitative  adjustments 
to  any  single  set  of  projections  developed  by  a 
single  element  of  the  model. 

For  example,  the  assumptions  about  GNP  that 
were  made  in  order  to  develop  the  population 
projections  are  contradicted  by  the  GNP  projec- 
tions. Specj^^il^,  the  population  projections 
were  based  jpi||G^assumption>  that  significant  re- 
ductions in  fert^y  will  occur  because  of  improved 
social  and  econdinic  conditions  throughout  the 
world.  But  the  projections  of  per  capita  GNP  do 
not  show  significant  improvements  in  economic 


*  Tbete  Dopfoveroineou]  projections  are  described ,  analyzed , 
and  compared  iflTcofiuderable  detail  in  Part  III  of  this  volume. 
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conditions  in  irtany  parts  of  the  world,  especially 
those  with  the  most  rapidly  growing  populations  * 

Similarly,  the  assumptions  about  population 
that  were  made  in  order  to  develop  the  GNP  pro- 
jections are  contradicted  by  the  population  pro- 
jections. Specifically,  the  GNP  projections  were 
adjusted  downward  for  the  1985~20()0  period  be- 
cause of  an  assumption  that  population  growth 
rates  will  have  declined  by  that  time.  But  the  pop- 
ulation projections  show  the  world  population 
growth  rate  continuing  at  an  essentially  constant 
1.8  percent  per  year. 

If  one  begins  by  adjusting  the  GNP  projections 
(to  resolve  the  obvious  inconsistency  regarding 
population),  then  they  are  adjusted  upward  (to 
take  into  account  the  lack  of  decline  in  population 
rates).  Potentially,  this  makes  the  GNP  projec- 
tions consistent  with  the  population  projections 
(leaving  the  population  projections  unchanged). 

If,  on  the  other  hand,  one  begins  by  adjusting 
the  population  projections  (to  resolve  the  obvious 
inconsistency  regarding  GNP).  then  \hty  are  ad- 
justed upward  (to  take  into  account  the  lack  of 
improvement  in  social  and  economic  conditions). 
If  the  per  capita  GNP  figures  are  then  recalcu- 
lated, social  and  economic  conditions  are  seen  to 
be  even  worse  than  before  and  another  upward 
adjustment  to  the  population  figures  is  required, 
and  so  on  until  a  limit  perhaps  is  reached  (greatly 
increasing  the  population  projections).  Con- 
versely, if  the  second  step  is  to  readjust  the  GNP 
projections,  a  balance  may  then  be  struck  making 
the  population  projections  consistent  with  the 
GNP  projections  (by  significantly  increasing  both 
the  populafion  and  GNP^rojections). 

Does  one  begin,  then,  by  assuming  the  GNP 
projections  to  be  correct  and  adjusting  the  pop- 
ulation projections,  o^  vice  versa  (or  something 
in  between)?  Where  is  the  lever  and  where  is  the 
fulcrum? 

These  problems  are  compounded  as  more  ele* 
ments  and  relationships  are  taken  into  consider- 
ation— such  as  the  following: 

*  For  example,  the  food  projections  show  that  in 
certain  regions  of  the  world  (notably  North 
Africa  and  the  Middle  East)  there  will  be  some  , 
declines  in  food  per  capita  (even  using  the  ap- 
parently too  low  popuUtion  projections).  This 
findii^g  reinforces  the  finding  of  the  per  capita 


m 

*  It  should  be  noted,  however,  that  these  per  capita  GNP 
projections  do  not  take  into  account  possible  shifts  in  patterns 
of  distribution  that  could  either  increase  or  decrease  the  per 
capita^ incomes  of  different  economic  groups  within  h  given 
population,  even  assuming  a  fixed  level  of  overall  per  capita 
GNP. 


f 


482 


THE  GOVERNMENT'S  GLOBAL  MODEL 


GNP  projections  that  social  and  economic  con- 
ditions will  not  improve  throughout  the  world. 

•  The  food  pfojectiorts  also  assume  that  there  will 
be  no  constraints  on  water  development  for  Ag- 
riculture. But  this  is  contradicted  by  the  water, 
forestry,  and  environmental  projections,  imply- 
ing that  &  downward  adjustment  should  be  made 
to  the  food  projections.  This  in  turn  would  lead 
to  a  downward  adjustment  to  the  per  capita  food 
projections.  ^ 

•  The  food  projections  also  assume  that  land  de- 
terioration from  intensive  use  will  not  occur. 
But  this  is  contradicted  by  the  environmental 
projections,*  implying  the  need  for  further 
downward  adjustments  to  the  food  projections 
and  per  capita  food  projections. 

•  Downward  adjustments  to  the  per  capita  food 
projections  would  necessitate  increases  in  the 
population  projections,  lowering  further  the  per 
capita  food  projections  and  requiring  yet  an- 
other round  of  sidjustments. 

•  Higher  population  projections  would  in  turn 
probably  increase  the  severity  of  water  prob- 
lems (due  to  more  pressures  from  fuelwood  de- 
mand and  increased  deforestation )H«nd  the  r^te 
of  land  deterioration  (due  to  more  intensive 
fanning  practices),  further  lowering  the  food 
projections  and  the  pter  capita  food  projections. 
Thus,  the  adjustment  process  would  have  to 
continue  until  a  limit  was  reached  (if  ever). 

Again,  if  one  wanted  to  adjust  the  food,  GNP, 
o»  population  projections  for  consistency  (as  op- 
posed to  attempting  to  actually  adjust  and  rerun 
the  elements  themselves  on  some  more  integrated 
basis),  wfiere  is  one  to  begin — or  end?  Where  is 
the  lever  and  where  is*the  fulcrum? 

— i^-  .i 

•  Because  ihc,  environmental  projections  show  that  the  com- 
bined environmental  impacts  of  all  other  projections  have  the 
potential  to  aWer  almost  all  the  other  projections  in  generally 
advers^  ways,  there  is  some  justification  for  concluding  that 
the  Global  2000  Study's  projections  are  by  and  large  "opti- 
mistically*' biased  &ad  in  need  of  a  "pessimistic"  rorrection 
But  before  projections  can  be  i^eaningfully  descnbcd  as  op- 
dmistjc  or  pessimutip.  the  values  by  which  they  are  being 
judged  must  be  made  dear  For  whom,  where,  and  at  what 
time  tre  projections  optimistic  or  pessimistic''  Are  projections 
of  er'ensive  firewood  combustion''optimistic  or  pessimistic  for 
those  who  need  heat  now?  Are  the  same  projections  optimistic 
or  pessimistic  for  their  children,  or  for  plant  breeders  needing 
gcrtetK  sources?  Pmjcctions  and  models  are  not  value  free, 
and  hence  relative  optimism  or  pessimism  is  very  much  in  the 
Tcyc  of  the  beholder.  The  perspectives  and  values  of  an  Ame r- 
icaii  farmer  and  an  improvehshed  citizen  from  an  LDC  in 
evaluating  the  prospect  of  hUure  food  price  increases  by  the 
year  2000  might  be  very  different,  so  that  it  is  not  necessarily 
helpful  to  attempt  to  characterize  the  projections  as  biased 
favorably  or  unfavorably  without  careful  qualifications 


Strengthening  the  IVesent  Foundation  ' 

» 

>^ile  few  concrete,  quantitative  steps  can  be 
taken  to  adjust  the  projections  presented  in,Chap- 

^  ters  2-13  in  order  to  improve  their  reliability  (for 

•  reasons  just  discussed),  several  options  exist  'for 
improving  th^  cur^-ent  form     the  government's 

;  global  model  itself  so  that  subsequent  projections 
wil^become  significantly  more  reliable.  In  view 
of  the  fact  that  billions  of  dollars  in  federal  funds 
are  currently  expended  based  on  decisions  using 
projections  developed  by  the  various  agencies,  it 
should  not  be  difficult  to  develop  cost  justifica- 
tions for  appropriate  improvements.  Several  mi- 
nor improvements  to  the  government's  global 
model  have  already  been  made  in  the  course  of 
executing  the  present  Study,  and  further  minor 
improvements  are  possible  in  the  near  future  if 
a  moderate  commitment  ^of  the  necessary  re- 
sources is  made.  But  it  should  also  be  recognized 
that  major  improvements  will  require  (1)  a  new^ 

^  institutional  commitment  to  the  development  of 
long-term,  global  analytic  procedures  throu^hout^ 
^the  government,  and  (2)  a  much  greater  invest- 
ment in  time  and  resources  than  was  available  to  ' 
the  GIbbal  2000  Study. 

Need  for  an  Ongoing  Institutional  Mechanism 

The  numerous  problems  currently  associated  • 
with  the  government's  global  model  are  primaiily 
symptoms  of  a  deeper,  more  fundamental  prob- 
lem. The  dubious  assumptions,  omissions,  incon- 
sistencies, and  incompatibilities  are  only  technical 
manifestations  of  a  severe  institutional  problem: 
The  executive  branch  of  the  government  currently 
has  no  ongoing  institutional  entity  with  the  explicit 
responsibility  and  authority  necessary  for  resolv- 
ing such  technical  and  philosophical  problems.  In 
the  absence  of  such  an  entity,  it  is  difficult  to 
imagine  how  the  government's  capabilities  for 
lenger-term  analysis  and  planning  can  improve 
significantly. 

The  Study's  agency  experts  are  generally  aware 
of  the  limitations  in  the  present  elements  (rf  the 
government's  global  model.  With  few  exceptions, 
the  agencies  are  planning  to  develop  new  com- 
putational procedures  that  will  eventually  replace 
those  used  now.  But  unless  some  coordinatioii'is 
provided,  there  is  little  reason  to  think  that  the 
new  procedures  will  be  any  more  compatible,  con- 
sistent, or  interactive  than  the  present  ones.  A  ' 
priority  task,  therefore,  is  to  survey  the  devel- 
opment plans  related  to  long-term,  global  analysis 
of  all  of  the  relevant  agencies—witli  the  objective 
of  coordinating  the  modification  of  existing  sec- 
t  ral  elements  (or,  where  appropriate,  the  dcvcl- 
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opment  of  new  sectoral  elements)  and  of 
«  coordinating  the  specific  needs  of  the  agencies. 
Discussions  with  the  Study's  agency  experts  al- 
ready indicate  that  several  additional  analyses  are 
needed  if  the  completed  Global  2000  Study  is  to 
be  of  maximum  benefit  to  the  agencies.  Finding 
answers  to  the  following  questions  deserves  the 
highest  priority: 

1.  What  are  the  strategic  and  economic,  implica 
tions  of  the  trends  now  foreseen? 

2.  What  policy  changes  might  be  pursued  to  alter 
the  trends  m  a  desirable  manner? 

3.  What  technologies  might  contribute  most  sig- 
nificantly to  the  evolution  of  a  more  desirable 
future?  V 

Fortunately,  the  Study  has  already  provided  a 
basis  for  initiating  an  increased  level  of  inter- 
agency cc|operat!on  a^d  coordination  on  data  ex- 
change and  model  formulation.  ' 

P^iten^  Technical  Improvements     '  ^ 

The  extent  to  w^ich  relatively  niodest  incre- 
mental modifications  of  the  government's  existing 
models  could  permit  more  synergistic  interaction 
and  feedback  tlfan  was  achieved  in  the  Global 
2000  Study  is  clearly  an  important  area  for  early 
investigation.  Simple  modifications  (e.g.,  devel- 
oping projections  ia  which  all  elements  use  the 
Study's  |k>pulation  and  GNP  projections)  would 
be  relatively  inexpensive  and  could  be  made  rel- 
atively rapidly.  Similarly,  somewhat  more  con- 
sistent (»X)jcctions  could  be  achieved*simply  through 
the  imposition  of  a  somewhat  more  extensive 
amount  of  coordination  and  arbitration.  In  many 
instances  the  agencies'  choices  of  different  data 
sources  and  different  simpUfying  assumptions  may 
be  inadvertent.  The  pressure  of  short-term  tasks 
often  requires  the  agencies'  modeling  experts  to 
make  expeditious-simplifications,  which  ar^  rarely 
reviewed  in  depth  and  which  are  difficult  to  revise 
once  made.  Other  discrepancies  may  reflect  real 
differences  of  opinion  among  the  agencies  re- 
sponsible. But  whether  inadvertent  or  substan-^ 
tive,  these  discrepancies  should  be  amenable  to 
resolution  through  interagency  negotiation  and 
arbitration — if  a  suitable  institutional  mechanism 
could  be  held  responsible  for  identifying  the  dis* 
crepancies  and  encouraging  the  negotiation  and 
arbitration. 

Iterative  adjustments  might  further  improve  the 
projections.  For  example,  the  results  of  all  the 
'Glolj|al  2000  Study's  projections  could  be  used  as 
^  bjrins  for  a  new  set  of  assumptions  in  the  ex* 
iatin|modeIf  ler  the  development  of  new  GNP 
and-pepulation'projections.  These  new* GNP  and 


population  projections  could  then  be  used  to  de- 
velop new  resource  and  environmental  projec- 
tions. If  this  cycle  were  repeated, one  or  more 
times,  it  might  provide  a  stronger  degree  of  tem- 
poral a^id  intersectoral  interaction  and  consist- 
ency. But  such  cycles  could  only  be  executed  on 
a  block-recursive  basis — that  is,  a  full  set  of  pro- 
jections would  have  to  be  obtained  from  one  ele- 
ment before  making  projections  for  another 
Element  that  required  the  former  element's  pro- 
jections. At  best,  the  procedure  is  likely  to  be 
clumsy,  time-consuming,  and  expensive,  and  there 
is  no  assurance  that  closure  (or  even  moderate 
convergence)  would  be  possible.  Even  if  a  major 
attempt  had  been  made  to  resolve  many  of  the « 
more  obvious  inconsistencies  and  mcompatibili- 
ties  among  the  element^,  major  structural  incon- 
sistencies would  remain,  making  convergences 
and  the  verification  of  convergences  f  poblematic. 

As  ^Chapters  15-2J  demonstrate,  the  present 
elements  of  the  government's  global  model  are 
sufficiently,  dissimilar  that  incremental  improve- 
ments'of  the  kinds  discussed  ^bove  would  be  of . 
oifiy  limited  utility.  Put  simply,  there  is  na  pos- 
sibility that  the  present  sectoral  element  of  the 
government's  global  model  could  be  used  on  a 
hilly  integrated,  simultaneous,  and  interactive 
basis.  Severe  structural  and  computational  differ- 
ences among  the  elements  preclude  their  being 
operated  in  this  manner.  Furthermore,  to  achieve 
even  a  modest  degrei  of  consistent,  simultaneous 
interUnkage  would  require  such  extensive  modi- 
fications of  the  present  elements  that  the  crcsition 
of  an  entirely  new  family  of  elements  might  well 
be  more  cost-effective. 

It  sis  doubtful,  however,  that  the  government 
will  find  it  convenient  anytime  soon  to  vfou  with 
a  single  large  computer  model  of  the  world.  In 
fact,  . attempting  to  develop  and  maintain  a  single 
^all-purpose  model  might  not  be  well  advised,  even 
in  the  long  run.  On  the  one  hand,  the  departments 
and  agencies  have  individual  and  unique  projec- 
tion needs  that  could  not  be  satisfied  easMy  with 
a  single  large  global  model.  On  the  other  hand, 
one  model  is  not  likely  to  ever  bp  capable  of  pro- 
viding the  diverse  perspectives  on  issues  essential 
to  the  sound  formulation  of  policy.  A  more  plur- 
^alistic  approach  would  therefore  appear  to  be  both 
desirable  and  necessary. 

Such  a  pluralistic  approach  could  incorporate 
several  of  the  following  principles: 

•  All  major  development  and  use  of  analytic  pro- 
cedures related  to  long-term  global  projecting 
in  a  government  agency  would  continue  to  be 
undertaken  by  the  agency  or  under  its  sponsor- 
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ship— using  funds  ahd  personnel  allocated  spe- 
cifically for  this  purpose.  • 

•  A  major  effort  would  be  made  to  encourage 
much  more  extensive  development  and  use  of 
existing  and  new  long  term  global  models. 

•  A  major  effort  would  also  be  made  to  ensure 
that  governmentwide  protocols  were  estab- 
lished and  enforced  regarding  docuftientation 
standards,  aceess,  reproducibflity,  and  compar- 
isons with  standard  series  projections,  together 
with  other  steps  to  facilitate  public  understand- 
ing of  tbe  elements  of  the  government's  global . 
model  and  derived  projections. 

Incorporating  Broader  Perspectfves 

Several  important  steps  could  be  taken  to  en- 
sure that  a  broader  range  of  perspectives  is  drawn 
upon  than  is  currently  the  case  in  developing 
making  use  of  the  government's  global  model.  For 
example:  « 

1.  A  coordinating  body  to  imprdve  understand- 
ing of  models.  At  present,  information  relate  to 
the  Study  projections  and  theif  underlyfng  meth- 
odologies  is  not  easily  examined  by  even  the  pol- 
icymakers and  members  of  Congress,  let  alone 
the  private  sector  and  general  public.  The  basic 
documentation  on  the  elements  of  the  govern- 
ment's global  model  is  inc^niplete  and  of  mixed 
quality  and  is  only  nowl)eing  made  available  to 
the  public  as  the  thiid  volume  of  the  Global  2000 
Study.  If  the  government's  computer-based  tools 
and  models  are  to  achieve  their  potential  for  ben- 
efiting policy  analysis,  ways  must  be  found  to,fa- 
cilitate  underFtandinp  of  the  assumptions  on 
which  they  are  leased.  One  or  mor^  coordinating 
bodies  might  give  attention  to  this  problem,  rep- 
resenting bqth  the  perspectives  of  analytic  exper- 
tise and  social,  political,  and  economic  experience. 

2.  Increased  interaction  with  the  private, sector, 
educational  institutions,  other  national  efforts,  and 
international  agencies.  Since  all  models  are  sim- 
plifications of  reality,  one  basic  purpose  of.  a 
model  is  to  provide  a'l^asis  for  itsiown  improve-  • 
ment.  An-  important  part  of  any  process  for  im- 
proving the  tors  of  tl)je  government's  global 
model  is  increased  interaction  with  individuals 
and  organization?  that  could  help  to  improve  the 
government  models.  The  private  sector  has  much 
data  and  much  familiarity  with  particular  eco- 
nomic sectors.  Therefore,  an  organized  private 
sector  review  of  the  assumptions  and  structures 

,  of  the  government's  longer-term  models  could 
both  improve  the  models  and  reduce  the  number 
of  unanticipated  changes  in  government  policy. 


Modeling  in  educational  institutions  needs,  to  be 
encouraged  to  provide  both  new  techniques  and 
diversity  of  perspectives  in  the  available  models. 
Since  other  nations  and  international  agencies 
.  face  similar  analytical  problems^  more  extensive 
and  penetrating  interaction  among  professionals 
would  be  helpful  in  extending  techniques  ana  in- 
formation around  the  world*. 

3.  A  more  useful  an4  internally  consistent  ca- 
pability for  longer^range  analysis  and  planning. 
This  mifet  start  with  an  improved  exchange  of  in- 
formation. At  present,  evjen  the  agency  experts 
responsible  for  the  development,  use,  and  main-  * 
tenancy  of  the  individual  sectoral  elenients^of  the 
government's  global  model  have  little  knowledge 

,  of  the  assumptions,  methbdologies,  and  require- 
ments of  the  other  sectoral  ,eloments.  The  third 
volume  of  the  Global  2000  Study  will  provide  a 
reference  manual  on  the  various  sectoral  models, 
but  much  more  is  needed.  Opportunity  should  be 
provided  not  onjy  for  the  agencies'  modefmg  ex-' 
perts,  but  also  for  experts  from  congressional 
staffs,  the  private  sector,  educational  institutions, 
and  the  general  public  to  learn  about  these.models 
and  to  ^ain  experience  in  their  use.  Increased  un- 
derstanding and  ideas  for  improvements  are  sure 
to  result  from  such  information  exchanges. 

4.  Improved  documentation  of  the  elements  of 
the  government's  global  model.  Better  documen- 
tation is  badly  needed.  The  third  volume  of  the 
Global  2000  Study  provides  an  initial  attempt  to 
dr^w  the  pieces  together,  but  the  basic  efercnce 
documents  should  be  available  from  a  single 
source.  Furthermore,  the  quality  of  the  docu- 
mentation—especially regarding  descriptions  of 
assumptions  underlying  ;ne  projections— needs  to 
he  improved.  Impartial  validation  should  also  oc- 
cur. 


*      Summifry  Descriptions  of  the  11    ,  ^ 
Elements 

Each  of  the  1 1  elements  of  the  government's 
global  model  is  described  here  in  terms  of  nine 
topics  of  particular  relevance  to  the  analysis  pre- 
sented eariier  in  this  chapter. 

Source  of  the  designated  projections 
Explicit  linkages  to  other  elements  of  the 
^  government's' global  model 
Critical  policy  and  technology  assumptions 
Analytic  methodology  used  to  develop  the 

projections 
Brief  descriptipn  of  the  methodology 
First  major  use  of  the  methodology 
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Geographic  representation  within  the  meth- 
odology 

Temporal  representation  v/ithin  the  meth- 
odology .  * 

Cases  analyzed  for  the  Global  2000  Study 
using  the  methodology 

The  11  elements  are  described  in  tLj  order  in 
which  they  appear  in  Tablt  14-1.  Much  of  the 

.       material  presented  below  is  encapsulated  in  Ta 

'       bles  14-2  and  1^. 

L  Population  Element 

Source.  At  the  suggestion  of  the  Agency  for 
International  Development  (AID)  of  the  U.S. 
Department  of  State,  two  independently  devel 
oped  sets  of  population  projections  were  prepared 
for  the  Study.  The  Bureau  of  the  (^ensus  of  the 
U.S.  Department  of  Commerce  (Jefveloped  the 
.protections  that  were  subsequently  used  in  pre- 
paring the  Sfudy's  energy  and  food'projectiops 
and  its  per  capita  GNP  projections.  The  Com- 
munity and  Family  Study  Center  at  the  University 
of  Thicaga  developed  alternative  projections, 
wnich  hjghHght  the  potenii'il  impact  of  family 
planning  programs  on  population  size  and  struc- 
ture. 

Explicit  Linkage,^  to  Other  Elements  of  the  Gov- 
ernment's Global  Model  The  Census  and  Chicago 
populati^>n  piojections  were  not  developed  taking 
into  expucit  account  any  of  the  Study's  other  pro- 
jections. However,  the  Census  projections  were 
subsequently  used  in  developing  the  Study's  food 
and  energy  projections  (and  the  deriyed  energy- 
residual  and  environnvental-impact  projectiras). 

Critical  *  Policy  and  Technology  Assumptions 
With  regard  to  policy,  all  population  cases  as- 
sumed that  almost  all  couiftries  that  do  not  already 
do  so  will  make  family  planning  services  availab! 
to  an  appreciable  portion  of  the  population  during 
*the  1975-2000  period,  and  that  countries  with 
family  planning  programs  now  in  operation  will 
exttnd  coverage,  partirnlariy  in  rural  areas.  This 
'"'A^  meant,  for  example,  that  in  the  Census  projec- 
tions for  Bangladesh  (in  the  medium-'growth  case;\ 
over  the  1975-2000  period)  fertility  rates  were 
exogenously  projected  to  decline  40  percent,  as 
discussed  in  Chapter  15. 

WUh  regard  to  technology,^ no  major  break- 
throughs or  setbacks  affecting  fertility  or  mortality 
rates  (e.g.,  regarding  birth  control  devils  or 
mec'cal  discoveries)  were  asstimed. 

Analytic  Methodology.  Both  the  Census  and 
Chicago  projections  make  use  of  the  cohort-com- 
ponent methodology.  The  name  of  this  method- 
ology refers  to  the  fact  that  each  ''cohort"  of  a 
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(;yen  population  (each  group  of  males  or  fem^es 
Dore  in  the  same  year)  is  treated  ^parately  and 
explidtly  with  respect  to  each  major  demographic 
*'com|^nent"  (mortality,  fettility,  and  net  migra- 
tioH).  Each  set  of  projections  was  prepared  using 
somewhat  different  versions  of  a  FORTRAN 
computer  program  of  about  1,000  lines  (including 
extensive  comments);  ^ 

Chicago's  exogenous  fertility  projections  also 
make  use  of  an  additional,  explicit  Quantitative 
methodology.  Given  a  population's  1975  fertility 
rate  and  the  'strength"  in  197S  of  its  family  plan- 
ning programs,  Chicago's  computer-based  meth- 
o(Llogy  projects  future  fertility  rates,  relying 
entirely  on^  explicitly  defined  assumptions  regard- 
ing the  future  development  and  efficacy  of  family 
planning  programs;  na  bth^f  factors  are  consid- 
ered, in  making  these  projections. 

Brief  Description.  The  cohort-component 
methodology  projects  population  size  and  struc- 
ture based  on  exogenous  projections  of  mortality, 
fertility,  and  net  migration  rates. 

Only  demographic  variables  are  considered  in 
developing  the  population  projections.  No  ex- 
.  plicit  mathematical  relationships  are  used  at  any 
point  that  involve  nondemographic  factors — such 
as  the  size  and  distriootion  of  per  capita  income; 
requirements  for  food,  housing,  schools,  jobs,  or 
medical  facilities;  likely  welfare  expenditures;  ed- 
ucational opportunities;  work  roles  and  oppor- 
tunities for  women  or  men;  or  the  influence  of 
environmental  factors  on  health.  Internal  migra- 
tion (for  example  between  rural  and  urban  areas 
or  between  social  classe^s  not  represented,  nor 
are  differential  growth  rares  for  separate  ethnic, 
racial,  or  religious  groups. 

First  Major  Use.  Althou^  the  cohort-compo- 
nent methodology,  developed  in  the  1930$,  has 
been  used  extensively  by  demographers  for  dec- 
ades, it  was  not  until  the  late  1960s  that  the 
reau  of  the  Census  began  making  major  use  of  it 
to  develop  international  population  projections, 
at  the  request  of  AID.  At  that  time,  AID  a^ked 
Census  to  develop  a  model  that  would  avoid  what 
appeared  to  be  biases  contained  in  U.N.  popu- 
lation estiniates  and  projections,  and  subse- 
vquently  to  perform  various  policy  analyses. 
\Several  years  later,  in  August  1977,  AID  asked 
th^  University  of  Chicago  to  develop  a  nev/  pro- 
jection methodology  and  undertake  projections 
"Which  would  takie  more  explicit  account  of  the 
lilcely  future  impact  of  family  planning  programs 
(which  AID  was  encouraging)  on  population  size 
and  structure.  The  Chicago  population  projec- 
tions presented  in  the  Stufly,  developed  in  re- 
sponse to  this  request,  emphasize  the  potential 
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efficaqr  of  AID's  programs.  Thus,  the  Chicogo 
high,  meUiunK  and  low  world  population  projec- 
tioDs  for  the  year  2000  are  3  to  12  percent  lower 
than  the  Census  projections^ 
,  Geographic  Representation.  The  cohort-com- 
ponent methodology  can  be  used  to  develop  pro- 
jections for  any  appropriately  defined  population. 
Sepit'  .e  projections  were  prepared'  for  23  coun- 
tries and  sUbregions  for  the  Global  2000  Study, 
at  the  request  of  the  Study's  central  staff.  These 
•23  areas  include  collectively  all  the  world's  pop- 
ulation; moreover,  the  12  less  developed  countries 
for  which  individual  projections  wer?  made  rep- 
resent 75  percent  of  the  current  total  population 
of  the  LDa. 

In  the  case^of  the  Global  2000  Study,  projec- 
tions for  eacfi  of  the'  23  countries  or  subregions 
.  were  made  independently  of  each  other,  and 
summed  as  appropriate.  Migration  between  coun- 
tries or  subregions  was  a^umed  to  be  zero,  for 
analytic  reasons  explained  i^Chapter  IS. 

Temporai  Representation.  Projections  of  a  given 
pqinilation's  size  and  structi;re  were  made  dynam- 
ically-^n  a  year  by  year,  sequential  ba$is.  These 
projections  were  based  on  exogenous  projections 
of  mortality  and  fertility.  For  th^  Global  2000 
Study,  projections  were  presented  iu  Chapter  2 
for  each  5-year  interval  of  the  1975-2000  period. 

Coiei  Analyzed.  Three  sets  of  projections  were 
developed  by  both  Census  and  Chicago:  a  high- 
growth,  a  medium-growth,  and  a  low-growth  case. 
In  general.  Census  and  Chicago  used  different 
estimates  of  current  popufation  sizes  and  struc- 
tures and  different  mortality  and  fertility  projec- 
tions. Within  both  the  Census  and  Chicago 
projections,  variations  among  the  high-^:owth, 
medium-growth,  wrdl  low-growth  cases  were  based 
entirely  on  different  fertility  rate  projections  (and 
m  the  Census  projections,  n  the  case  of  China, 
on  different  estimates  of  actual  population  size  in 
1975).  Mortality. assumptions  and  t  zero  net 
migration  assumption  did  not  vary  .ithin  either 
the  Census  set  of  projections  or  withm  the  Chi- 
cago iiet  of  projections. 

2.  Great  Nattonal  Product  Etement 

Source.  No  U.S.  agency  is  responsible  for  de- 
veloping a  consistent  set  of  long-term  GNP  pro- 
jections for  all  the  world's  nations.  Therefore,  on 
the  reconunendation  of  the  U.S.  Agency  for  In- 
ternational Development  of  the  U.S.  Department 
of  State,  the  Global  2000  Study  turned  to  the  of- 
fice within  the  World  Bank  Group  responsible  for 
estimating  consistent  GNP  projections  for  the 
Western  industrialized  nations  and  less  developed 
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countries  through  1985.*  On  the  recommendation 
of  Bank  staff  members,  the  Global  20CU  Study 
supplemented  the  Bank's  projections  with-  GNP 
growth  rates  to  the^ear  2000  developed  for  the 
19^  Workshop  on  Alternative  Energy  Strategies 
(WAES),  sponsored  by  the  Massachusetts  Insti- 
tute of  Technology. 

The  WAES  group  had  first  developed  its  own 
projections  for  the  Western  industrialized  na- 
tions, and  then— with  the  assistance  of  World 
Bank  staff  members — developed  a  consistent  set 
of  LDC  projections  using  V/orld  Bank  analytic 
tools.  The  Wofid  Bank  and  WAES  projections 
were. subsequently  supplemented  for  the  Global 
2000  Study  with  projection^  for  the  centrally 
planned  economies  (CPEs),  developed  by  the 
U.S.  Central  Intelligence  Agency.  Unfortunately, 
the  GNP  projections  for  the  CPEs  presented  in 
this  volume  are  considered  unrealistically  low  by 
the  CIA,  when  viewed  together  with  the  Study's 
other  GNP  projections  (due  to  statistical  differ- 
i^nces  discussed  briefly  in  Chapter  3).  However, 
It  should  be  noted  that  the  CPE  growth  rates  used 
by  the  World  Baiik  in  developing  the  LDC  growth 
rates  for  the  WAES  Study  are  much  higher  than 
those  reported  in  this  volume. 

Explicit  Linkages  to  Other  Elements  of  the  Gov- 
^emment's  Global  Model.  The  GNP  projections 
were  not  developed  taking  into  explicit  account 
any  of  the  Study's  other  projections,  except  t'^at 
the  per  capita  GNP  projections  were  subsequently 
calculated  using  the  Study's  population  projec- 
tions (developed  by  the  Bureau  of  the  Census). 
However,  the  GNP  projections  were  subse- 
^quently  used  in  developing  the  Study's  food  and 
energy  projections  and  the  derived  energy-resid- 
ual and  environmental-impact  projections. 

Critical  Policy  and  Technology  Assumptions. 
No  major  policy  changes  were  assumed.  With  re- 
gard to  technology,  however,  all  the  GNP  pro- 
jections for  the  LDCs  assumed  that  the  productivity 
of  capital  in  almost  all  of  the  LDCs  will  increase 
significantly  over  the  1975-85  period.  This  meant, 
for  example,  thii  in  the  other-South-Asia  LDC 
group,  a  given  in  vestment  could  be  thought  of  as 
producing  60  percent  more  incremental  GNP  in 
1985  than  in  1977  (in  constant  dollars),  as  dis- 
cussed in  Chapter  16. 

Analytic  Methodology,  Most  of  the  GNP  pro- 
jections (those  for  the  LDCs)  were  developed 
making  use  of  a  dynamic,  block-recunive  com- 
puter model  known  as  SIMLINK  (SIMulated 
trade  LINKages).  The  model  contains  over  200 

^   '  ' 

*TV  Wortd  Bank  Group  is  an  mtcrnational  organization  af- 
filiated with  the  United  Nations. 
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econometric  structural  equations  and  is  written  in 
approximately  t,SOO  lines  of  FORIHAN. 

Brief  Description,  SIMLINK  simulates  world 
irade  between  the  industrialized  nations  and  the 
LDCs.  Its  purpose  is  to  aggregate  and  adjust,  as 
appropriate,  the  economic  growth  projections  de- 
veloped for  individual  LDC  nations  by  World 
Bank  analysts,  so  as  to  take  account  explicitly  and 
consistently  of  likely  limitations  in  the  worldwide 
availability  of  foreign  tride  earnings  and  foreign 
investment  capital.  If  these  adjustments  were  not 
made,  projections  made  by  both  the  individual 
LDCs  and  World  Bank  analysts  would  sum  to 
implausible  levels  of  world  trade  and  foreign  in- 
vestment. 

Trade  between  industrialized  nations  or  be- 
tween LDCs  is  n6t  explicitly  represented  in  SIM- 
LINK,  nor  is  primary  commodity  trade  between 
the  LDCs  and  the  CPEs.  Current  debt  levels  and 
growth  trends  in  these  levels  are  also  not  explicitly 
accounttii  for. 

No  explicit  account  is  taken  by  SIMLINK  of 
future  population  sizes  and  structures  or  of  po- 
tential environmental  impacts.  Resources  are  rep- 
resented primarily  on  the  basis  of  historic  cost- 
price  relationships  and  past  trends  in  growth  of 
production. 

First  Major  Use.  An  early  version  of  SIMLINK 
began  to  be  applied  in  1974.  One  of  the  first  ap- 
plications examined  the  potential  direct  effect  of 
recent  and  potential  changes  in  the  international 
price  of  o||  on  LDC  economic  growth  rates  (which 
are  of  crucial  financial  importance  to  the  World 
Bank).  The  model  supported  the  Bank's  view  that 
the  direct  impact  of  changes  in  the  price  of  oil  on 
LDC  economic  growth  would  be  minor.  How- 
ever, the  model  also  showed  that  changes  in  the 
growth  rates  of  the  industrialized  nations,  which 
might  also  be  affected  by  changes  in  the  price  of 
oil,  would  have  major  direct  impact  on  LDC  eco- 
nomic g-owth. 

Geographic  Representation.  SIMLINK  treats 
the  Western  industrialized  and  socialist  nations 
exogenously  as  four  aggregates,  each  with  its  own 
GNP  growth  rate  and  elasticity  of  demand  for 
LDC  exports  of  manufactured  goods.  The  LDCs 
are  selectively  represented  by  six  aggregates:  In- 
dia, other-South-Asia  countries,  low-income  Af- 
rica, lower-middle-income  countries,  middle- 
income-countries,  and  upper-middle-income 
countries.  Each  aggregate  is  treated  at  the  same 
level  of  detail.  SIMLINK  simulates  trade  between 
each  of  the  six  LDC  aggregates  and  (1)  the  West- 
em  industrialized  nations  and  (2)  the  CPEs.  Trade 
among  the  six  LDC  aggregates  is  not  simulated. 


nor  is  trade  between  the  industrialized  nations  and 
the  CPEs. 

Several  simplifying  assumptions  were  made  in 
developing  the  SIMLINK  model.  Within  each  of 
the  six  LDC  aggregates,  geographically  and  so- 
cioeconomically  djirerse  LDCs-^uch  as  (1)  Ar- 
gentina, Jamaica,  and  Yugoslavia,  or  (2)  Bolivia, 
Thailand,  and  Morocco^-are  treated  as  if  they 
were  single  entities  because  they  have  roughly  the 
same  levels  of  per  capita  income.  Many  LDCs  are 
not  included  in  the  model.  For  example,  the 
OPEC  income-surplus  nations  were  not  explicitly 
represented  in  the  version  of  SIMLINK  used  for 
the  WAES  Study.  However,  those  LDCs  ^hat  are 
specifically  included  are  said  by  Bank  analy^tts  to 
represent  most  of  the  population  and  national  in- 
come of  the  LDCs. 

Temporal  Re/f^entation^  Projections  of  world 
trade  directly  affecting  the  LDCs  are  based  on 
exogenous  projections  of  (1)  Western  industrial 
and  CPE  growth  rates,  trade  volumes,  and  prices 
for  many  major  commodities  and  (2)  inflation 
rates  for  all  years  to  be  covered  by  the  projection. 
After  these  exogenous  projections  are  completed, 
SIMLINK  projects  LQC  economic  growth  rates 
sequentially,  year  by  year. 

Bank  analysts  note  that  SIMLINK  was  not  con- 
structed to  make  projections  beyond  198S, 
tl)at  they  have  little  confldence  in  using  it  to  de- 
velop longer-term  projections,  and  that  they  have 
recently  replaced  it  with  a  more  comprehensive 
system  of  models.  For  the  WAES  Study,  SIM- 
LINK projections  were  developed  for  the  1975- 
90  period  and  extrapolated  judgmentally  to  2000. 

Cases  Analyzed.  High,  medium,  and  low  GNP 
projections  were  used  in  the  Global  2000  Study. 
The  high  and  medium  projections  derive  largely 
from  figures  developed  for  the  WAES  Study The 
high-growth  case  generally  projects  a  continua- 
tion of  1960-72  growth  patterns,  whereas  the  kiw- 
growth  case  projects  a  continuation  of  the  patterns 
characteristic  of  the  197J-75  period— just  suffi 
ciently  above  that  period's  population  growth  to 
allow  an  advance  in  real  global  GNP  per  capita. 
The  third  (medium-growth)  set  of  projections  was 
developed  by  averaging  the  growth  rates  used  in 
the  high  and  low  projections. 

3.  CUmatc  Element 

Source,  The  Global  2000  Study's  climate  pro- 
jections were  developed  by  the  Central  Intelli- 
gence Agency  (CIA),  based  on  an  interagency 
research  project  on  climate  conducted  by  the  Na- 
tional Defense  University  (NDU),  with  partici- 
pation by  the  U.S.  Department  of  Defense,  the 
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U.S.  Department  of  Agriculture,  and  the  Na- 
tionaJ  Oceanic  and  Atmospheric  Administratioft 
of  the  U.S.  Depaftment  of  Commerce.  The  first 
of  the  NDU  project's  four  tasks— to  defiae  and 
estimate  the  Ukelihood  of  changes  in  climate  dur- 
ing the  next  25  years  and  to  construct  climate 
scenarios  for  the  year  2000— was  completed  in 
February  1978,  and  the  results  were  published  in 
the  National  Defense  University  report  entitled 
Climate  Change  to  the  Year  2000.  *  The  remaining 
three  tasks  of, the  NDU  project  ;ncluded  (1)  es- 
timating the  likely  effects  of  possible  climatic 
chafiges  on  selected  crops  in  specific  countries, 

(2)  evaluating  the  domestic  and  international  im- 
plications of  these  specific  climate-crop  cases,  and 

(3)  transmitting  the  research  results  to  individuals 
and  organizations  concerned  with  the  conse- 
quences of  climatic  changes  in  fields  other  than 
agriculture. 

Explicit  Linkages  to  Other  Elements  of  the  Gov- 
ehunent's  Global  Model  The  climate  cases  were 
not  developed  taking  into  direct  account  any  of 
the  Study's  other  projeaions,  nor  were  they  used 
in  developing  any  of  those  projections,  since,  as 
it  turned  out,  none  of  the  other  elements  used  td 
develop  the  Study's  other  projections  was  capable 
of  directly  taking  in*  account  any  climatic  vari- 
ation from  patterns  e^iablished  over  the  past  2-3 
decades. 

Critical  Policy  and  Technology  Assumptions, 
With  regard  to  both  pfolicy  and  technology,  delib- 
erate  human  efforts  to  modif)'  climate  were  ex- 
cluded froiA  the  analysis. 

Analytic  Methodology.  A  special  survey  meth- 
odology devised  by  the  Institute  for  th<*=  Future 
^hereafter  referred  to  as  the  NPU  methodology) 
was  used  tq^ather,  weigh,  and  consolidate  the 
views  of  numerous  experts  on  climate.  The  pur- 
pose of  the  NDU  project  was  not  to  forecast  cli- 
mate change  or  reach  a  consensus  on  liow  climat^ 
will  change,  but  rather  to  synthesize  reasonable, 
coherent,  and  consistent  possibilities  for  world 
climate  to  the  end  of  the  century,  and  to  put  plau- 
sible bounds  on  the  likelihood  of  each  of  these 
possibilities  occurring. 

Brief  Description.  The  CIA  developed  three 
simplified  casts  for  the  Glo^jal  2000  Study,  based 
primarily  on  th^  more  complex  a.*ul  highly  qua! 
ified  findings  of  the  NDU  report.  The  approach 


*  Thett  dtnute  ^'projections**  are  actually  scenanos  (in  ttu 
leue  of  beini  mtemally  consistent  statements  of  possible  fu- 
ture devek)pmentt),  rather  than  "projections'*  (an  the  sense 
of  beia|fortaee«ble  consequences  of  present  trends)  In  order 
to  CiciliUte  oompahsons  with  the  other  element  description^ 
in  this  chapter,  they  will  henceforth  be  referred  to  as  *  cases*' 
iathts  (^cuiaion. 


used  in  developing  the  NDU  report  wqs  to  seek 
and  weigh  a  wide  lange  of  expert  opinion.  This 
synthesized  survey  approach  seemed  likely  to 
yield  the  mos|^  meaningful  results  obtainable,  in 
view  of  the  fact  that  there  is  currently  no  single 
well-accepted  quantitative  model  of  the  causal 
forces  thougWo  determine  climate. 

In  the  firs:  of  the  NDU  project's  four  tasks,  a 
questionnaire  defining  five  future  climate  possi- 
bilitiesswas  prepared  and  completed  by  a  diverse 
group  of  climatological  experts.  The  emphasis  of 
the  project  was  placed  primarily  on  assessing 
probabiUties  related  to  (1)  average  global  tem- 
perature, (2)  average  latitudinal  temperature,  (3) 
carbon  dioxide  and  turbidity  (including  particu- 
'lates),  (4)  precipitation  change,  (5)  precipitation 
variability,  (6)  midlatitude  drought,  (7)  Asian 
monsoons,  (8)  Sahel  drought,  and  (9)  the  length 
of  the  growing  season. 

Individual  responses  were  weighted  by  each 
participant's  expertise,  as  evaluated  by  self  jind 
peers,  and  responses  to  this  questiqnnaire  were 
then  used  to  calculate  complex  topographical 
probability  functions  associated  with  each  speci- 
fied case. 

First  Major  Use.  The  NDU  methodology  was 
first  developed  and  used  in  coniiection  with  this 
particular  NDU  study  in  the  mid-1970s,  ^though 
it  is  related  to  Delphi-survey  techniques  devel- 
oped over  the  past  two  decades. 

Geographic  Representation.  The  NDU  study 
developed  separate  probability  functions  primar- 
ily with  regard  to  each  of  eight  regions  (polar, 
'higher  midlatitude,  lower  midlatitude,  and  sub- 
tropical regions  in  both  Northern  and  SWjthern 
Hemispheres).  Geographic  causal  linkages  be- 
tween Che  phenomena  occurring  in  these  regions 
were  informally  assessed  on  an  individual,  un- 
documented basis  by  each  of  the  participants  in 
the  study. 

Temporal  Representation,  Probability  functions 
were  assessed  for  three  time  periods:  1977-80, 
1981-90,  and  1991-2000.  Tenporal  causal  link- 
ages between  the  phenomena  occurring  in  these 
time  periods  were  informally  assessed  on  an  in- 
dividual, undocumented  basis  by  each  of  the  par- 
ticipants. 

Cases  Analyzed.  The  three  climate  cases  de- 
veloped for  the  Global  2000  Study  represent  sim- 
plifications of  three  of  the  five  NDU  cases, 
namely,  they  approximate  the  three  more  mod- 
erate cases  projected  by  the  report  as  most  prob- 
able. However,  it  should  be  kept  in  mind  that  in 
excluding  the  more  extreme,  large-scale  changes, 
the  Global  2000  Study  has  omitted  consideration 
of  climatological  developments  that  could  have  an 
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extremely  pronounced  effect  on  the  Study's  #her 
projections. 

The  following  three  world-dimaie  cases  were 
developed  for  the  mS-^OOO  period.  They  differ 
primarily  with  regard^to  assumed  future  global 
temperature  and  precipitation  patterns. 


Cast 

No  change 


Wanning 


Cooling 


Temperature 

Similar  to  1941-70 
period  (i  e  .  less 
variability  than  over 
the  past  I00~20() 
years) 


Global 
temperatures 
increase  by  T  C. 
with  only  slight 
warming  in  the 
tropics 


Global 
temperatures 
decrease  by  C  5"  C. 
with  only  slight 
coohng  in  the 
tropics. 


Precipitation 

Similar  to  1941-70 
period  (i  e  .  less 
severe  drought  in 
the  Sahel  and  less 
monsoon  failure  in 
India  than  recently 
experienced) 

Annual 
precipitation 
increases  5-10 
percent  and 
becomes  less 
variable:  probability 
of  U  S,  drought 
increases 

Precipitation 
amounts  decline 
and  variability 
increases, 
probability  of  U  S 
drought  increases 


4.  Technology  Element 

Source.  This  section  brings  together  under  on^ 
heading  (&5  a  major  element  of  the  government's 
global  model)  the  disparate  methods  used  by  the 
other  elements  of  the  government's  global  model 
to  project  rate;  of  technological  innovation,  de- 
(rioym^t,  and  impact.  The  fact  is  that  no  gov- 
ernment agency  has  unique  responsibility  for 
projecting  future  rates  of  technological  chahge  for 
use  in  other  official  projections  and  forecasts.  As 
a  result,  each  agency  develops  its  own  technolog- 
ical projections  and  forecasts  On  a  virtually  in- 
dependent basis. 

This  ifractice  was  also  followed  in  developing 
the  Global  2000  Study's  projections.  The  Study's 
assumptions  concerning  future  rates  of  techno- 
logical change  were  determined  independently  by 
the  various  agencies  for  their  individual  contri- 
butions to  the  Study. 

implicit  Linkages  to  Other  Elements  of  the  Gov- 
ernment's Global  Model.  No  explicit  linkages 
were  made  between  any  of  the  other^O  elements 
of  the  government's  global  modef  with  respect  to 
technology.  Those  elements  from  v.hich  projec- 
tions were  developed  using  projections  developed 
by  other  elements,  however,  coiUd  be  thought  of 
as  incorporating  implicitly  the  technology  as- 


sumptions of  those  other  elements  (often  incon- 
sistently). 

Critical  Policy  and  Technology  Assumptions. 
No  explicit,  consistent  policy  assumptions  were 
made  with  regard -to  technological  innovation, 
deployment,  or  impact.  However,  somt;  repre-^ 
sentative  critical  technological  assumptions  are 
cited  below,  under  ''Cases  Analyzed."  In  general, 
technological  progress  is  assumed,  potential  set- 
backs are  not  considered,  and  adverse  side  effects 
are  not  considered. 

Analytic  Methodology.  Over  the  years,  govern- 
ment agencies  have  developed  a^wide  variety  of 
diverse  methodologies  for  projecting  (often  im- 
plicitly) technological  assumptions.  These  tech- 
nological projections  are  then  incorporated  in 
projections  and  forecasts  of  other  variables  of  in- 
terest. In  sonie  cases,  these  technological  projec- 
tions are  made  in  advance  of  making  use  of  the 
methodologies  which  comprise  the  other  elements 
of  the  government's  globed  model;  in  other  cases, 
they  are  calculated  concuff^ntly  with*  other  cal- 
culations made  using  th^  methodology.  Tne  actual 
'  techniques  used  by  the  various  elements  to  project 
technological  innovation,  deployment,  and  im- 
pact are  so  idiosyncratic  that  a  more  explicit  over- 
all descriptic^  (such  as  that  provided  in  Chapter 
23)  is  not  fea^le  here. 

Brief  Description.  Most  technologies  were  pro- 
jected to  yield  increasing  benefits  ove^  time  at 
exponential  rates  crrresponding  to  recent  histor- 
ical experience.  In  some  cases,  the  deployment 
of  existing  technology  was  projected  to  occur  at 
rates  faster  than  recent  historical  experience  (e.g. , 
in  the  population  projections  and  energy-residual 
projections).  The  potential  adverse  and  dysfunc- 
tional consequences  of  technological  innovation 
and  deployment  were  almost  never  explicitly  con- 
sidered, except  in  the  environmental  projections. 

First  Major  Use.  The  agencies'  overaH  projec- 
tion methodologies  generally  have  unique  ways 
of  incorporating  the  underiying  technology  as- 
sumptions. Therefore,  the  first  major  use  of  the 
diverse  methodologies  for  technological  projec- 
tions tended  to  coincide  with  the  first  major  use 
of  the  overall  projection  methodologies  of  which 
they  ^re  a  part.  Little  or  no  consistency  was  im- 
posed regarding  the  rate  at  which  technological 
advance  is  projected  in  various  Helds  (e.g.,  in  re- 
sponse to  allocations  of  federal  research  budgets), 
and  the  Global  2000  Study  represents  the  flrst 
time  the  government's  various  approaches  to 
'longer-term,  global  technological  projection  have 
even  been  cursorily  examined  on  a  collective  basis 
in  an  official  executive  branch  report. 
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Geogn^ihic  /^presentation.  Most  projections 
MHuned  that  aUT regions  ot  the  world  will  be  cul- 
turally and  physscally  capable  of  accepting  tech- 
noiogM  change  to  ^^proximately  the  same  extent 
and  at  approximately  the  same  rates. 

Temporal  Representation,  No « systematic  at- 
tempt was  made  by  the  Study  to  assure  the  use 
Of  ci»l^tefil  ainifmpTidWregardtn  titety  future 
rates  of  technolc^cal  innovation,  deployment, 
and  impitct  collectively  in  the  Study's  projections. 
Therefore,  it  is  unlikely  that  the  temporal  rep- 
resentation of  technological  change  among  the 
various  elements  is  to  any  degree  consistent,  al- 
though the  inexplicit  character  of  the  way  tech- 
nology b  represented  in  ma6y  elements  of  the 
government's  global  model  makes  this  virtually 
'  impossible  to  assess. 

Cases  Analyzed,  No  consistent,  systematic  pro- 
jections of  technology  per  se  were  made  for  the 
Study,  but  diverse  technological  assumptions  were 
incorporated  in  all  of  the  other  projections  de- 
v4iqped  for  the  Study.  Some  Icey  examples  are 
I^vided  below: 

•  All  the  population  projections  assumed  that  al- 
most all  couiitries  that  do  not  already  do  so  will 
make  family  planning  technologies  and  services 
available  to  an  appreciable  portion  of  the  pop- 

,  ulation  during  the  1975-2000  period,  and  coun- 
tries with  family  planning  programs  now  in 
operation  will  extend  coverage,  partivulariy  in 
rural  areas.  This  meant,  for  example,  that  in  the 
Census  projections  for  Bangladesh  (in  the  me- 
dium-growth case),  fertility  rates  were  exoge- 
wwlyprojected  to  decUne  40  percent  over  the 
1975-2000  period,  as  discussed  in  Chapter  15. 

•  Ahnost  all  the  GNP  projections  for  the  LE>Cs 
assumed  that  the  productivity  of  capital  in  the 
LJX:s  will  increase  significantly  over  the  197S- 
85  period.  This  meant,  for  example,  that  in  the 
other-South- Asia  LDC  group,  a  given  invest- 
ment could  be  thought  of  as  producing  60  per- 
cent more  incremental  GNP  in  1985  than  in  1977 
(in  constant  dollars),  as  discussed  in  Chapter 
16.  ^ 

•  All  the  food  projections  assumed  that  the  wide- 
spread deployment  of  fertilizer  and  other  yield- 
augmenting  inputs  (together  with  other  factors) 
will  lead  to  further  increased  yields  comparable 
to  the  increases  experienced  over  the  past  two 
decades  (the  period  of  the  Green  Revolution). 
This  meant ,  for  example ,  that  annual  LDC  grain 
production  was  projected  to  increase  125  per- 
cent over  the  1975-2000  period  (in  the  medium 
case),  u  discussed  in  Chapter  5. 


•  All  ^e  energy  projections  assumed  the  wide- 
spread depjoyment  of  light-water  nuclear  elec-  . 
trie  power  plants.  This  meant,  for  example,  that 
electrical  generation  from  nuclear  a<id  hydro- 
power  sources  was  projeaed  to  increase  about 
200  percent  over  jhe  1975-90  period  (in  the 
medium  case),  as  discussed  in  Chapter  5. 

•  All  the  eltergy-residual  projections  (i.e.,  pro-  * 
jections  of  fesiduals  such  as  pollutants  o**  v.aste 
heat  from  energy  conversion  processes)  as- 
sumed implicitly  that  major  public  and  private 
investment  will  be  made  in  pollution  abatement 
technologies  so  that  by  lQg5  all  energy  facilities 

in  all  countries  will  have  met  or  have  been  re- 
trofitted to  meet  1978  U.S.  new  source  per- 
formance standards  for  various  emission?:,  as 
discussed  in  Chapter  10. 

5.  Food  Element 

5  Source,  The  Sti'dy's  food  projections  were  de- 
veloped by  the  U.S.  Department  of  Agriculture's 
Economics,  Statistics,  and  Cooperatives  Service. 

Explicit  Linkages  to  Other  Elen^ents  of  the  Gov 
emment's  Global  Model,  The  projections  are 
based  on  the  Study's  population  projections  (de- 
veloped by  the  Bureau  of  the  Census)  and  GNP 
projections.  In  addition,  the  Study's  rising-en- 
ergy-price projections  were  used  in  developing  the 
two  food  cases  (which  assume  increasing  petr> 
teum  prices)  and  the  Study's  associated  environ- 
mental projections.  However,  no  Study  projections 
(other  than  population,  GNP,  and  energy)  were 
directly  used  in  developing  the  Study's  food  pro- 
jections (i.e.,  no  use  was  made  of  the  Study's 
projections  involving  climate,  fisheries,  forestry, 
water,  energy  residuals,  fuel  minerals,  nonfiiel 
minerals,  or  the  environment). 

Critical  Policy  and  Technology  Assumptions, 
With  regard  to  policy,  the  projections  all  assumed 
that  major  public  and  private  investment  in  ag- 
ricultural land  development  will  be  made.  With 
regard  to  technology,  they  assumed  that  wide- 
spread deployment  and  use  of  fertilizer  and  other 
yield-augmenting  inputs  (together  with  other  fac- 
tors) will  lead  to  further  increased  yields  cofQ-> 
parable  to  the  increases  experienced  over  the  past 
two  decades  (the  period  of  the  Green  Revolu- 
tion). This  meant,  for  example,  that  annual  LDC 
grain  production  (in  the  medium  case,  over  the 
1975-2000  period)  was  projected  to  increase  129 
percent. 

Analytic  MeAodohgy.  A  computer-based  static- 
equilibrium  model  known  as  the  GOL  (Grain, 
Oilseed,  Livestock)  model  widi  the  primary  tool 
used  in  developing  the  food  projections.  The 
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GOL  model  consists  of  approximately  930  econ- 
ometric equations,  which  are  solved  simultane- 
ously. 

Tnree  additional  procedures  were  used  to  make 
projections  of  arable  area,  total  food  productior^ 
and  consumption,  and  fertilizer  use.  They  were 
dev,e|opedUsince  the  fall  of  ^1977  specifically  for 
the  Stinfy,  and  were  based  on  the  application  of 
ci^mparatively  simple  computational  procedures 
to  some  of  the  results  of  the  GOL  calculations. 
These  additional  calculations  were  made  without 
the  use  of  a  computer-based  model. 

Brief  Description.  The  GOL  model  projects 
world  production,  consumption,  and  trade  quan- 
tities and  prices  in  grains,  oilseeds,  and  livestock 
products  based  on  exogenous  projections^of  pop- 
ulatiOQ,  GNP,  growth  in  crop  yields  due  to  the 
deployment  of  more  efficient  yield-enhancing 
tedmplogy,.  and  other  variables.  The  model's 
structure  is  most  detailed  for  grain;  other  food 
products  are  represented  in  less  detail.  Collec- 
tively, the  relationships  incorporated  in  the  model 
are  said  to  represent  approximately  70-80  percent 
of  total  world  food  production,  consumplen,  and 
trade.  No  environmental  consideratic^  (other 
than  land  scarcity  ahd  weather)  are  explicitly  rep- 
resented in  the  model.  Similarly  the  public  and 
social  costs  associated  with  developing  and  main- 
taining the  productive  capacity  required  by  2000 
are  not  explicitly  represented  in  the  model. 

First  Major  Use.  Aloif^  with  other  analyses,  the 
model  was  initially  used  in  1974  *o  generate  pro- 
jections supporting  the  U  S.  position  paper  for 
the  Rome  Food  Conference  sponsored  by  the 
Food  and  Agricuhure  Organization.  The  model's 
initial  projections  showed  that  over  the  next  dec- 
ade the  world  could  produce  enough  grain  (at  real 
prices  above  the  relatively  low  prices  of  the  late 
196Qs)  to  meet  the  demands  of  (1)  a  largely  cereal 
diet  in  the  developing  world  and  (2)  a  moderately 
rising  grain-feed  meat  diet  (based  in  part  on  grain- 
fed  livestock)  in  the  industrial  nations.  The  U.S. 
position  paper  prepared  for  the  conference  made 
use  of  these  pro^;:tions  to  support  policy  views 
favoring,  in  general,  the  limiting  of  government 
intervention  in  domestic  and  world  food  markets, 
and  questioning,  in  particular,  the  need  for  an 
extensive  international  system  of  government- 
owned  food  reserves. 

Geographic  Representation.  A  total  of  28  closely 
interrelated  regions  are  represented  at  varying 
levels  of  detail.  The  28  regions  consist  of  8  regions 
of  Western  industrial  nations,  3  regions  of  cen- 
trally planned  economies,  and  17  regions  of  less 
develqx^  countries  (LDCs).  All  regions  have 
crop  equations,  but  not  all  regions  have  full  live- 


stock sectors.  The  centrally  planned  regions  are 
represented  solely  by  collapsed  international  trade 
equations  (that  is,  area  yield  and  production  pro- 
jections are  generated  by  '"satellite"  models,  . 
while  consumption  is  calculated  as  production, 
plus  or  minus  trade). 

Temporal  Representation.  The  GOL  model  -is 
a  static  equilibrium  model.  It  is  described  as  static 
in  that  it  does  not  dynamically  develop  projections 
on  a  year  by  year  basis.  Instead,  its  projections 
are  derived  from  estimated  values  for  an  initial 
base  period,  directly  adjusted  to  correspond  to 
anticipated  equilibrium  conditions  in  a  final  year, 
withput  calculating  successive  values  for  the  in- 
tervening years.  This  process  of  one-step  pro- 
jecting is  based  on  the^assumption  that  the  world's 
grain-oilseedUivestock  production  and  trade  sys- 
tem was  in  rough  equilibrium  (supply  equaled 
demand  at  the  reported  market  price)  in  the  base 
period  and  that  the  solution  calculated  for  any 
single  future  year  will  also  be  in  rough  equilib- 
rium. The  GOL  model  is  thus  extremely  limited 
in  its  capacity  to  simulate  the  many  important 
aspects  of  agricultural  market  behavior  that  are 
in  a  state  of  dynamic  disequilibrium  over  periods 
exceeding  one  year. 

GOL  projections  for  1985  and  2000  were  de- 
veloped for  the  GlobaF2000  Study  starting  with 
l%st-71  (average)  base-line  conditions  (adjusted 
somewhat  using  data  through  1976)  and  project- 
ing to  198S  and  2000. 

Cases  Analyzed.  Four  projections  of  world  food 
production,  consumption,  and  trade  were  devel- 
oped for  the  Study,  based  on  different  assump- 
tions for  population  growth,  GNP  growth,  weather, 
'  and  the  real  price  of  petroleum.  The  four  food 
cases*  are  summarized  below: 

Real- Price 


Popuhtian 

(iNP 

of 

Cases 

Growth 

GrOK/th 

Weather 

Petroieum 

Medium 

Medium 

Medium 

Same  i^-last 

Constant  <ll3/' 

three  decades 

bW  197H 

dollars} 

OptimisiK: 

Low 

High 

More  favoraMc 

Constant  (Si  3^ 

than  list  three 

bM  .  1978 

decwles 

dottartr 

PcuiniMiic 

High 

Low 

Lc«s  (xvoraMe 

Increasing 

than  tnt  three 

percent  per  yea 

decades 

tn  real  terms 

Ristni  Cfurrgy  • 

.  Medium 

Medium 

Same  as  last 

Increasing 

price  three  decades     percent  per  year 

in  real  terms. 
I9WV.2000) 

•The  •  cases* '  are  referred  to  as  '  alternatives  *  and  "scenarios" 
tn  Chapters  6  and  18.  Alternative  !  of  Chapter  6  embodies 
both  the  medium  and  the  nsmg-energy-pricc  casfti^AUernative  ^ 
!!  IS  the  optimistic  case;  Alternative  I!!  is  the  p^imtstic  case. 
!n  these  cases,  the  changes  in  assumptions  regarding  weather 
(a  term  used  to  refer  to  relatively  short-term  variations  within 
historic  norms)  are  not  considered  equivalent  to  change*  in 
assumptions  regarding  climate  term  used  to  refer  to  fun- 
damental long-term  change) 
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6.   Fisheries,  FoTfstry,  Water  Element 

Source.  Because  of  their  methodologkal  simi- 
!arities  the  fisheries,  forestry,  and  water  projec- 
tions are  described  together  here  as  if  they  were 
one  clement  in  the  government's  global  model. 
The  fisheries  projections  were  developed  by  the 
National  Oceanic  and  Atmospheric  Administra- 
tion of  the  U.S.  Department  of  Commerce  and 
by  ouis>ide  consultants.  The  forestry  projections 
were  developed  by  the  Central  Intelligence  Agency, 
with  assistance  from  the  Department  of  Agricul- 
ture and  the  Department  of  State  (and  its  Agency 
for  International  Development).  The  water  pro- 
jections were  developed  by  the  Department  of  the 
Interior,  with  assistance  from  the  CIA  and  outside 
consultants. 

Explicit  Linkages  tc  Other  Elements  of  the  Gov- 
err^ment's  Global  Model.  The  fisheries,  forestry, 
and  water  projections  were  not  developed  taking 
into  direct  account  an^  of  the  Study  s  other  pro- 
jections or  each  other,  nor  were  they  used  in  de- 
veloping any  of  the  Study's  o<her  projections, 
except  the  environmental  impact  projections. 

Critical  Policy  and  Technology  Assumptions. 
With  regard  to  policy,  the  fisheries  projections 
assume,  on  a  Worldwide  basis,  good  management 
of  fisheries  and  protection  of  the  marine  environ- 
ment; the  forestry  projections  assume  some  policy 
changes  throughout  the  world  regarding  current 
deforestation  practices;  the  water  projections* 
policy  assumptions  are  unknown.  With  regard  to 
technology,  the  fisheriej  projections  assume  the 
invention  of  methods  for  harvesting  nontradi- 
tional  species;  the  forestry  projections  assume  the 
invention  of  both  less  wasteful  production  tech- 
niques and  methods  for  exploiting  nontraditional 
species;  the  water  projections'  technology  as- 
sumptions are  ninknown. 

Analytic  Methodology.  Descriptive  and  judg- 
mental analyses  (rather  than  elaborate  mathe- 
matical^ models)  were  used  in  developing  the 
fisheries,  forestry,  and  water  projections. 

Brief  Description.  The  fisheries  production 
(supply)  projections  were  based  on  empirical  evi- 
dence and  ecological  theory.  The  fisheries  con- 
sumption (demand)  projections  were  based  on 
broadly  generalized  assumptions 'about  the  rela- 
tionships between  population,  income  growth, 
and  income  elasticities  of  demand  for  marine 
products.  Together,  these  projections  suggest  thai 
future  fish  consumption  will  be  constrained  by 
production  and  price. 

The  forestry  projections  were  based  on  a  review 
of  the  literature  of  forest  economics  and  ecology, 
combined  with  informed  judgment.  In  cases  where 


sources  were  in  conflict  (for  example,  when  eco- 
logical and  anthropological  projections  came  to 
different  conclusions  regarding  the  sustainability 
of  slash-and-burn  agriculture),  the  source  with  the 
stronger  empirical  evidence  was  oreferrcd. 

Two  Fets  of  projections  of  water  availability 
were  presented  by  the  Department  of  the  Interior 
and  the  CIA:  (1)  the  lower  projection  of  increases 
in  the  "consumption"  (withdrawal)  of  "water  con- 
trolled by  man"  over  the  1975-2000  period  was 
developed  by  C.  A.  Doxiadis;  (2)  tne  higher  pro- 
jection of  global  water  requirements  by  the  year 
2000  was  developed  by  Russian  hydrologist  G.  P. 
Kalinin.  The  projections  were  apparently  notcha- 
sen  b>Hthe  Department  of  the  Interior  for  their 
excelleke,  but  because  other  global  water  pro- 
jectioils  could  not  be  found  or  developed. 

First  Major  Use.  The  fisheries  and  forestry  pro- 
jections were  developed  specifically  for  the  Glol>al 
2000  Study.  In  the  case  of  the  water  projections, 
the.  Doxiadis  projections  were  originally  pub- 
lished in  the  report,  "Water  for  Peace,"  prepared 
for  the  International  Conference  on  Water  for 
Peace  held  in  Washington,  DC,  in  1967.  The 
Kalinin  projections  were  originally  published  in 
UNESCO's  Impact  of  Science  in  Society,  April- 
June  1969. 

Geographic  Representation.  Projections  involv- 
,  ing  fisheries,  forestry,  and  water  resources  are 
severely  complicated  by  the  fact  that  ihe  bound- 
aries of  the  political  jurisdictions  responsible  for 
gathering  information  on  them  and  for  managing 
them  do  not  coincide  with  the  natural  boundaries 
of  the  ecological  systems  involved.  These  com- 
plications are  greatest  in  the  case  of  the  fisheries 
projections,  which  had  to  be  made  largely  on  the 
basis  of  species  rather  than  geographic  region.  In 
the  case  of  the  forestry  projections,  the  supply, 
demand,  and  price  of  forest  products  were  con-  ^ 
sidered  separately  for  each  of  the  major  forest 
regions  of  the  world.  A  separate  section  was  de- 
voted to  the  problems  of  the  humid  tropics. 

In  the  Study's  water  projections,  the  point  is 
made  that  there  is  no  such  thing  as  a  global  water 
economy  in  the  same  sense  as,  for  example,  a 
global  economy  for  minerals  and  fuels.  Since  the^ 
cost  of  transporting  water  tends  to  be  high  when 
large  distances  are  involved,  water  problems  tend 
to  be  local  or  regional,  rather  than  global. 

Temporal  Representation.  The  fisheries,  for- 
estry, and  water  projections  are  either  based  on 
straight-line  (linear)  or  exponential  (nonlinear) 
extrapolations  of  past  trends. 

Cases  Analyzed.  Only  a  single  medium  case  was 
evaluated  for  the  fisheries  and  forestry  projec- 
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tkms;  both  a  lower  and  a  higher  set  of  water  pro- 
jections were  presented.  The  specific  assumptions 
behind  the£*e  cases  (to  the  extent  they  are  known) 
are  reported  in  Chapters  7,  8,  and  9. 

7,   EMify  Etencnt 

Source.  The  Study's  energy  projections  were 
developed  by  the  Energy  Information  Adminis- 
tration of  the  U.S.  Department  of  Energy. 

Expiid$4.inkages  to  Other  Elements  of  the  Gov- 
emmems  Global  ModeL  The  Study's  population 
projections  (developed  by  the  Bureau  of  the  Cen- 
sus) and  GNP  projections  were  used  in  developing 
the  energy  projections.  None  of  the  Study's  other 
projections  were  used,  but  the  energy  projections 
were  used  in  developing  the  Study's  food,  energy 
residuak,  and  environmental  projections  (but  not 
in  developing  the  climate, "fisheries^  forestry,, 
water,  fuel  minerals,  or  nonfuet  minerals  projec- 
tions). 

Critical  Tolicy  and  Technology  Assumptions. 
With  regard  to  policy,  all  the  energy  .projections 
assumed  the  implementation  of  more  effective 
energy  conservation  policies  within  the  member 
countries  of  the  Organization  for  Economic  Co- 
operation and  Development  (OECD).  With  re- 
gard to  technology,  dl  the  energy  projections 
assumed  the  ^^espread  deployment  of  light- 
water  nuclear^mctric  power  plants.  This  meant 
that  electrical  generation  from  nuclear  and  hy- 
dropower  sourccii  was  projected  (in  the  medium 
case,  over  the  1975-2000  period)  to  increase  more 
than  200  percent,  as  discussed  in  Chapter  5. 

Analytic  Methodology,  The  energy  projections 
were  made  with  a  computer-based  static-equilib- 
rium model  known  as  the  International  Energy 
Evaluation  System  (lEES).  lEES  is  a  family  of 
complex  rjpply,  demand,  and  production  models, 
integrated  by  means  of  a  large  linear-program- 
ming-matrix  representation  of  af^roximately  2,- 
000  rows  and  6,000  columns.  The  data  quantifying 
world  enrrgy  supply  and  demand,  and  production 
and  transportation  costs  necessary  for  these  in- 
tegrating calculations,  are  supplied  by  sq;  lEES 
submodels.  These  submodels  have  been  assem- 
bled independently  of  one  another,  and  are  exe- 
cuted sequentially,  drawing  on  their  own  outside 
data  sources. 

Brief  Description,  The  lEES  model  projects 
wotM  energy  production,  consumption,  and  trade, 
based  on  exogenous  projections  of  population, 
GNP,  trctids  in  the  international  price  of  petro- 
leum, and  other  variables.  The  model  emphasizes 
the  fossil  ^el  sector  by  providing  elaborate  detail 
for  petroleum  (and  related  fuels)  and  coal  while 


incorporating  significantly  less  detaii  for  nuclear 
energy,  ^plar  energy,  energy,  conservat^n  pro- 
grams, firewood,  and  emerging  technologies.  For 
example,  solar  energy  is  no4  expliatly  represented 
and  can  be  included  in  the  projerdons  only  by  an 
exogenous  assumption  of  a  given  solar  contribu- 
tion to  electrical  generation  or  to  conservation. 
Supply  of  nuclear  facilities  is  determined  largely 
outside  of  the  model  by  exogenous  projectioiis 
and  assumptions. 

The  lEES  system  of  mcJels  is  structured  around 
a  single  large  integrating  linear-programming  ma- 
trix represent'  tion.  Accordmg  to  the  model's  the- 
ory, the  world  energy  market  operates  as  a  free 
market  whose  equilibrium  minimizes  the  total  cost 
of  meeting  the  worid'?  energy  demands  at  a  spe- 
cific, assumed  price  of  oil.*  Demand  e*^d  supply 
are  balanced  through  a  price  mechanism  ihat  ad- 
justs marginal  costs  of  supply  and  demand  to 
equal  values  through  iterative  adjustments.  The 
Organization  of  Petroleum  Exporting  Countries 
(OPEC)  is  assumed  to  provide  av|rnuch  oil  as 
might  be  wanted  (up  to  its  maximum  production 
capacity),  independent  of  the  price  of  oil  assumed 
for  the  model  run. 

There  are  several  important  assumptions  im- 
plicit in  the  operation  of  the  lEES  price  mecha- 
nism. In  each  year  projected,  energy  production 
outside  of  OPEC  is  assumed  to  respond  within 
hmits  to  prevailing  energy  pricts,  with  little  or  no 
time  lag.  Oil  production  outside  of  OPEC  gen- 
erally does  not  meet  demand,  and  lEES  achieves 
supply-demand  balance  by  assuming  OPEC  meets 
the  residual  demand  (which  in  some  runs  exceeds 
xYit  OPEC  maximum  production  capacity)  at 
whatever  oil  price  prevails  in  the  year  in  question. 
The  energy  production  alternatives  are  assumed 
to  be  selected  solely  on  the  basis  of  meeting  pro- 
jected demand  at  the  lowest  possible  global  cost. 
In  general,  only  gross  energy  production  figures 
are  presented;  net  energy  production  figures  (i.e. , 
gross  energy  production  less  the  energy  consumed 
in  obtaining  the  gross  energy  production)  are  not 
calculated.  Forms  of  energy  supply  which  are  not 
generally  traded  internationally  (except  hydro- 
.power  and  geothermal  energy)  are  not  repre- 
sented in  the  model. 


*  In  the  analyses  performed  for  the  Global  2000  Study,  the 
uPEC  oil  price  scenario  (constant  at  $13  per  barrel  in  1975 
dollars  until  1980,  then  increasing  at  5  percent  per  year)  was 
assumed.  However,  the  Department  of  Energy  does  have  an 
Oil  Market  Simulator  (OMS)  model  with  which  the  Depart- 
ment  makes  medium  term  forecasts  of  OPEC  oil  prices.  OMS 
is  calibrated  to  ILES  and  in  forecasting  runs  annually  equili- 
brated oil  supply  with  the  oil  denrrand  projected  by  ILES. 
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Since  OPEC  currenUy  provides  such  a  signifi- 
cant  share  of  the  oil  used  by  the  U.S.  and  other 
nattons,  the  lEFS  model's  assumptions  about 
OPHC  are  of  critical  importance.  lEES  assumes 
(in  all  cases  analyzed  for  this  Study)  that  OPEC 
will  provide  as  much  oil  as  can  be  consumed  in- 
dependent of  the  exogenously  projected  price. 
However,  if  projected  OPEC  production  exceeds 
OPEC  capacity,  an  oil  price  increase  is  implied. 

Generally,  lEES  is  used  to  study  the  world  bal- 
ance of  energy  suppiy  and  consumption  for  spe- 
cifically assumed  oil  prices— given  essentially 
exogenous  supply  estimates  for  all  ener^  sources, 
interfiiel  trade-offs  in  consumption  and  conser- 
vation &ic  the  key  results  calculated. 

The  social  or  environmental  effects  of  the  en- 
ergy sector  are  not  evaluated  by  lEES,  nor  is  re- 
source depletion  explicitly  rcfmsented  in  the 
model.  While  grc^  national  product  is  included 
as  one  of  the  major  determinants  of  energy  de- 
mand, lEES  implicitly  assumes  that  GNP  growth 
i3  indej)endent  of  energy  availability  and  price. 

First  Major  Use,  lEES  is  based  on  the  same 
analytic  structure  as  the  Project  Independence 
Evaluation  System  (PIES),  thr  initial  computer- 
based  model  developed  to\nalyze  U.S.  energy- 
policy  options  following  the  1973-74  oil  em- 
bargo.* lEES  makes  iiitemational  projections 
that  are  consistent  with  the  PIES  domestic  pro- 
jections. Thus,  lEES  is  essentially  a  copy  of  the 
PIES  structure  (a  few  deviations  were  necessary) 
using  international  data.  The  first  major  public 
analysis  performed  by  lEES  was  released  for  dis- 
tribution in  1978  (and  previously  circulated  in 
1977  in  a  form  intended  for  limited  distribution).  ^ 
It  supporU  the  view  that  petroleum  demand  is 
likely  to  exceied  the  production  capacity  of  the 
OPEC  nations  in  the  mid-1980s,  assuming  real 
petroleum  prices  do  not  increase  significantly 
above  1975  (real)  prices  in  the  near  future. 

GeograpfUc  Representation,  lEES  simulates  l 
modem  ompetitive  energy  market  that  deals  pri- 
marily in  fossil  fuels.  Four  groups  of  countries  are 
represented  in  the  model  at  varying  levels  of  de- 
tail: member  countries  of  OECD,  the  OPEC 
countries,  the  CPEs,  and  the  less  devefoped  coun- 
tries. The  OECD  countries,  which  consume  80 
percent  of  the  world's  ml  production  and  are  gen- 
erally the  world's  most  industrialized  nations,  are 
treated  most  extensively  in  the  demand  submodel 

*  PIES  WM  oriiiiially  uted  to  ualyie  wayi  of  ac^^ 
lOm  NixoQ*f  |o«l  of  energy  indepeodeiioe  for  the  United 
States  by  im  Wl^k  the  nssQltt  showed  that  such  a  fod  m 
aaacMevabte  by  1960,  die  model  Mggested  tiiat  the  a^ 
be  attaiaed  by  1985,  if  the  Administnitioo*!  propoMd  energy 


analyses,  although  all  of  the  submodels  produce 
dau  for  every  part  of  the  world.  In  contrast,  the 
energy  economies  of  the  LDCs  are  not  treated  in 
detail  and  in  fact  contain  significant  omissions. 
For  example,  the  large  proportion  of  LDC  energy 
economies  based  on  firewood  and  other  biofuels 
is  not  represented. 

Temporal  Representation,  Although  some  of  its 
submodels  exhibit  dynamic  behavion,  lEES  is  es- 
sentially a  sutic-equilibrium  model.  Like  the 
GOL  model  used  to  develop  the  Study's  food  pro- 
jections, |EES  is  "static"  in  that  it  does  not  dy- 
namically develop  its  projections  year  by  year 
wit^  developments  in  one  year  influencing  op- 
portunities and  difficukies  in  succeeding  years. 
The  lEES  projections  are  made  in  a  one-step 
process  that  starts  in  a  base  year  (e.g.,  1975)  and 
progresses  directly  to  the  final  year  (e.g.,  1990) 
under  tl;e  assurjiption  that  the  international  en- 
ergy system  is  in  equilibrium  and  optimally  effi- 
cient during  the  intervening  years. 

Ilie  time-dependent  characteristics  of  the  lEES 
projections  derive  entirely  ^om  exogenous  pro- 
jections used  as  driving  inputs  to  the  lEES  model. 
In  tiie  main  part  of  the  lEES  system;  variables 
change  over  time  only  in  direct  response  to 
changes  in  exogenously  projected  variables. 

The  modePs  static  equilibrium  projections  for 
a  given  year  are  internally  independent  of  its  pro- 
jections for  all  other  years  and  may  well  be  in- 
consistent with  projections  for  other  years. 
However,  the  demand  submodel  (which  serves  as 
the  basis  for  the  initial  demand  estimates)  is  an 
annual  dynamic  model  which  imRDses  some  in- 
tertemporal consistency.  The  modtl  develops  its 
projectioiis  for  a  given  year  based  on  exogenously 
|m>jected  economic  and  resource  conditions  for 
that  one  year  only,  without  explicitly  considering 
developments  that  might  be  anticipated  beyond 
the  year  in  qu^on.  The  model  therefore  oper- 
ates as  if  f he  planners'  goals  were  to  optimize  for 
just  that  year,  without  any  further  planning  for 
successive  years.  One  exception  is  that  demand 
data  can  be  (and  are)  exogenously  adjusted  to 
reflect  energy  conservation  measures  expected  to 
be  implemented  by  the  OECD  countries. 

Projections  for  the  Study  were  made  for  1985 
and  1990,  but  not  for  2000.  lEES  was  not  con- 
structed to  project  beyond  1990,  and  at  this  time 
Department  of  Energy  analysts  have  little  confi- 
dence in  using  it  to  develop  longer-term  projec- 
tions or  in  extrapolating  such  projections 
judgmentally. 

Corel  Analyzed,  Four  projection:^  of  worid  en- 
ergy production,  conrumption,  and  trade  were 
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developed  for  the  Study.  These  projections  were 
primarily  based  on  differ.ent  assumptions  regard- 
ing population  growth,  GNP  growth,  and  the  real 
price  of  petroleum,  as  summarized  below*: 


Popula- 

tion 

ti0nt  Pnr0 

Casf 

Growth 

Growth 

Petroleum 

Medium 

Medium 

Medium 

Constant  ($l3/bbl  . 

1978  dollars) 

High 

High 

Low 

Constant  ($l3/bbL. 

1976  dollars) 

Low 

Low 

H:gh 

Constant  ($13/bbl  . 

1978  dollars) 

Rising- 

Medium 

Medium 

Increasing  {5%  per 

cntrgy  ^ 

year  m  real  terms, 

pnce 

1980-90) 

S.   Energy  Residuals  Element 

Source,  The  projections  of  energy  residuals 
were  developed  by  the  Brookhaven  National  Lab- 
oratorx^  under  contract  to  the  Department  of 
Energy's  Offlce  of  Technology  Impacts. 

Explicit  Linkages  to  Other  Elements  of  the  Gov- 
ernment's Global  Model  Like  the  Study's  energy 
projections,  the  study's  energy  residuals  projec- 
tions are  derived  (via  the  energy  projections)  from 
the  Study's  population  and  GNP  projections. 
However,  they  neither  influenced  any  of  the 
Study's  other  projections  (other  than,  the  envi- 
ronmental projections)  nor  were  they  influenced 
by  any  of  the  Study's  other  projections  (i.e.,  cli- 
mate, food,  fisheries,  forestry,  water,  fuel  min- 
erals, or  nonfuel  minerals  projections). 

Critical  Policy  and  Technology  Assumptions. 
With  regard  to  policy  and  technology,  all  the  en- 
ergy residuals  projections  (i.e.,  projections  of  re- 
siduals such  as  pollutants  or  waste  heat  from 
energy  conversion  processes)  assumed  implicitly 
that  major  public  and  private  investment  will  be 
made  in  pollution  abatement  technologies  so  that 
by  1985  all  energy  conversion  facilities  throughout 
the  world  will  have  been  retrofitted  to  meet  the 
1978  U.S.  new  source  emission  standards  for  car- 
bon monoxide,  sulfur  dioxide,  oxides  of  nitrogen 
and  particulates. 

Analytic  Methodology.  The  energy  residuals 
projections  were  developed  using  a 'highly  sim- 
plified version  of  a  computer-based  network 
model  or  accounting  tool  known  as  the  Energy 
Systems  NetwortSimulator  (ESNS).  ESNS  is  cur- 
rently capable  of  calculating  the  emissions  of  435 
energy-conversion  processes,  using  69  exoge- 
nously  derived  coefficients  to  transform  energy 
consumption  figures  into  estfmates  of  residuals.^ 
_— — .  ^ 

^  Tht  **casef**  are  referred  to  ts  "scenanos"  m  Chapters  10 
audio. 


Brief  Description.  The  simplified  version  of 
ESNS  used  in  the  Study  makes  repeated  use  of 
the  following  equation,  summed  across  end-use 
(sectoral)  categories  and  across  'fuel-type  cate- 
gories: 

Total  regional  residuals  generated  (by  emissions  type) 
~  Total  regional  energy  conversion  (by  fuel  type) 
X  residuals  generated  (by  emission  type)  per  unit 
of  energy  conversion. 

The  national  (i.e. ,  U.S.)  ESNS  model  was  mod- 
ified for  use  in  this  Study  by  adapting  it  to  accept 
(as  input)  the  results  of  the  International  Energy 
Evaluation  System  (lEES)— the  model  used  to 
develop  the  Study's  energy  projections.  The  ad- 
aptation was  difficult  since  (1)  the  international 
version  could  liot  be  developed  without  ntaking 
assumptions  about  emissions  control  standards  on 
a  worldwide  basis,  (2)  the  output  from  the  lEES 
model  (particularly  the  estimates  of  fuel  con- 
sumption by  end  uses  for  the  LDCs,  the  OPEC 
""egions,  and  the  centrally  planned  economies) 
were  too  aggregated  for  use  in  the  ESNS  model, 
and  (3)  the  lEES  projections  for  the  Global  2000 
Study  do  not  include  a  base  case — such  as  1975 — 
to  which  residuals  in  later  years  can  be  compared. 

The  adapted  ESNS  ;nodel  is  therefore  severely 
limited  by  the  capability  of  lEES,  and  the  result- 
ing model  is  best  thought  of  as  the  lEES-ESNS 
model.  An  especially  critical  limitation  to  the 
value  of  the  lEES-ESNS  analysis  is  the  assump- 
tion that  by  1985  all  countries  will  have  met  the 
U.S.  new  source  performance  standards  discussed 
above. 

First  Major  Use.  ESNS  itself  was  first  developed 
-n  1975  to  assist  the  U.S.  Energy  Research  and 
Development  Agency  (a  predecessor  agency  of 
the  U.S.  Department  of  Energy)  in  analyzing  the 
residuals  implicit  in  the  energy  developmental 
programs  it  was  advocating.  Tlie  present  Study  . 
marks  the  first^llime  the  ESNS  model  has  been 
used  to  make  long-term  global  projections. 

Geographic  Representation.  The  geographic 
representation  in  ESNS  is  necessarily  the  same  as 
in  the  lEES  energy  projections— that  is,  the  world 
is  represented  as  four  major  regions  or  groups  of 
nations:  OECD  Countries  (also  represented  sep- 
arately), the  OPEC  countries,  the  centrally  planned 
economies,  and  the  LDCs. 

Temporal  Representation.  The  temporal  rep- 
resentation is  necessarily  the  same  as  in  the  case 
of  the  energy  projections — i.e.,  projections  were 
developed  for  1985  and  1990  and  not  for  previous 
or  subsequent  years. 

Cases  Analyzed.  The  three  cases  analyzed  are 
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necessarily  the  same  as  those  analyzed  in  the  en- 
ergy projections— the  low,  medium,  and  high 
cases— except  that  the  fourth  (rising-energy-price) 
case  was  not  analyzed. 

9.  Fad  Minerab  Element 

Source,  The  Study's  estimates  of  fuel  minerals 
reserves  and  resources  were  developed  from  a 
variety  of  sources  since  no  one  federal  agency  has 
exclusive  responsibility  for  producing  such  esti- 
mates. These  sources  included  the  U.Si  Geolog- 
ical Survey  (USGS)  of  the* Department  of  the 
Interior,  the  Department  of  Energy  (DOE),  and 
some  private  organizations,  most  notably  the 
Worid  Energy  Conference  (WEC).  A  consistent 
set  of  estimates  was  compiled,  compared,  and  in- 
terpreted for  the  Study  by  a  government  expert 
who  hatf  worked  with  both  DOE  and  Department 
of  the  Inferior  s  Bureau  of  Mines. 

Explicit  Linkages  to  Other  Elements  of  the  Gov- 
emmeht's  Global  Model.  The  fuel  minerals  pro- 
jections were  not  derived  from  any  of  the  StiAy's 
other  projections— including  the  Study's  energy 
projections— n6r  were  they  used  in  developing 
any  of  the  Study's  additional  projections  other 
than  the  environmental  projections. 

Critical  Policy  and  Technology  Assumptions. 
With  regard  to  policy,  the  U.S.  oil  and  gas  re- 
source and  reserve  estimates  assume  a  continua- 
tion of  1974  energy  prices.  With  regard  to 
technology,  the  U.S.  oil  and  gas  resource  and  re- 
serve estimates  assume  a  continuation  of  price- 
cost  relationships  and  technological  trends  gen- 
erally prevailing  in  years  prior  to  1974. 

Analytic  Methodology.  The  methods  used  to 
derive  fuel  resource  and  reserve  estimates  vary, 
to  some  extent,  with  the  organization  that  gath- 
ered the  estimates.  In  general,  the  organizations 
cited  above  made  use  of  secondary  rather  than 
primary  sources  of  information— thai  is,  they 
queried  corporations  and  other  organizations  and 
totaled  these  various  estimates,  or  they  adapted 
estimates  that  other  organizations  had  derived 
previously  from  similar  sources. 

Bri^  Description.  While  field  surveys  and  ex- 
plorations are  the  best  primary  source  of  infor- 
mation, it  has  been  necessary  in  this  Study  to  rely 
primarily  on  secondary  or  tertiary  sources.  For 
example,  the  resource  figures  for  solid  fuels  used 
in  this  Study  are  based  on  WEC  estimates.  The 
WEC  sends  questionnaires  to  the  participating 
countries,  requesting  information  on  reserves,  re- 
sources, maximum  depth  of  deposit,  minimum 
seam  thickness,  and  other  critical  factors.  In  many 
cases,  methods  of  estimating  Reserves  and  re- 


sources differ  significantly  from  country  to  coun- 
try. As  a  result,  it  has  not  been  possible  to 
describe  a  consistent  systematic  methodological 
approach,  even  for  individual  fuel  minerals. 

First  Major  Use.  The  USGS,  in  addition  to  re- 
viewing other  sources  of  information,  has  been 
doing  its  own  field  geological  research  for  decades 
to  support  its  U.S.  resource  and  reserve  estimates. 
However,  in  1974,  the  USGS  reported  new  oil 
and  ^as  estimates  based  on  new  techniques,  which 
are  disc^ussed  briefly  in  Chapter  21.  The  new  oil 
and  gas  estimates  are  significantly  lower  than  pre^ 
vious  estimates,  so  the  present  USGS  estimates 
may  be  thought  of  as  dating  from  1974.  WEC 
started  using  its  survey  techniqu3s  to  estimate  re- 
serves and  resources  prior  to  World  War  II  and 
has  pilblished  estimates  periodically  ever  since. 
DOE  develops  its  own  estimates  of  U.S.  coal  re- 
serves using  techniques  developed  by  its  various 
predecessor  agencies.  For  oil  and  natural  gas  re- 
serve figures,  DOE  relies  largclj^  on  estimates 
made  by  the  lirS.  Geological  Survey,  updated  by 
DOF's  own  survey's  and  augmented  for  ihe  most 
current  months  by  data  published  by  the  Ameri- 
can Petroleum  Institute  and' the  American  Gas 
Association,  trade  associations  of  the  oil  &nd  gas 
industries. 

Geographic  Representation,  No  consistent  pat- 
tern of  geographic  representation  has  been  fol- 
lowed in  developing  the  fuel  minerals  projections. 
•  Temporal  Representation.  Both  resource  and 
reserve  estimates  are  dynamic  concepts.  Explo- 
ration shifts  resources  from  the  undiscovered  cat- 
egory to  the  identified  category.  Economic  and 
technological  developments  move  resources  be- 
tween the  economic  and.subeconomic  categories. 
Reserves  are  those  resources  that  are  identified 
as  economic  and  nave  not  yet  been  depleted. 

The  Global  2000  Study's  resource  and  reserve 
estimates  do  not  have  a  dynamic  perspective.  The 
estimates  presented  are  based  on  a  static  concept; 
they  are  applicable  to  a  particular  year  but  have 
no  other  time  dimension.  In  general,  they  are 
based  on  the  assumption  that  there  will  be  a  con- 
tinuation of  current  price-cost  relationships  and 
technological  trends,  although  the  U.S.  oil  and 
gas  resource  and  reserve  estimates  (derived  from 
USGS  Circular  725)  assume  a  continuation  of 
1974  prices  and  of  generally  prevailing  pre-1974 
price-cost  relationships  and  technological  trends. 

Cases  Analyzed.  Only  one  set  of  estimates  was 
developed  for  the  Study,  but  in  many  instances 
the  probabilities  associated  with  different  meas- 
ures of  statistical  variance  have  also  been  indi- 
cated. 
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10.   NonfM  MlneraJs  Element 

Source.  The  Study^s  nonfuel  mineral-consump- 
tion projections  were  assembled  by  the  $tudy*s 
central  staff,  with  assistance  from  the  U.S.  De* 
partment  of  the  Interior's  Bureau  of  Mines  and 
outside  consultants.  Since  the  Bureau  does  not 
have  and  could  not  produce  the  disaggregated  in* 

'  temational  projections  needed  for  this  Study,  the 
Stud/s  projections  were  based  in  large  part  (at 
the  suggestion  of  the  Bi^reau)  on  projections  de- 
veloped in  1972  by  Wilfred  Malenbaum  for  the 
National  Commission  on  Materials  Policy  and 
were  supplemented  by  projection^  prepared  in 
1977  by  Malenbaum  for  the  National  Science  ^ 
Foundation.  Malenbaum*s  projections  cover  12 
minerals  and  materials,  said  to  account  for  80-SN) 

.percent  of  the  value  of  th^  total  world  mineral 
production.  Consumption  projections  for  an  ad- 
ditional 75  minerals  and  materials  have  also  been, 
developed  by  the  Bureau  ot  Mines,  making  use^ 
of  Malenbaum *s  analysis. ' 

To  facilitate  review  and  comparison  with  the 
Other  trends  presented  in  this^tudy,  only  a  rep- 
resentative subset  of  these  consumption  projec- 
tions is  preselhted  in  Chapter  12.  Tliis  subset 
consists  of  10  minerals  and  materials  projected  by 
Malenbaum  and  9  additional  minerals  projected 
by  the  BureHu  ot  Mines. 

«E]q)lidt  price  projections  are  not  available  from 
either  the  Department  of  the  Interior  or  from 
Malenbaum's  published  analyses. 

Explicit  Linkages  to  Other  Elements  of  the  Gov- 
ernment's Global  Model,  The  nonfuel  minerals 
projections  were  not  derived  from  any  of  the 
Study*s  other  projections,  nor  were  they  used  in 
developing  any  of  the  Study*s  additional  projec- 
tions (other  than  the  envifonmental  impact  pro- 
jections). 

Critical  Policy  and  Technology  Assumptions. 
With  regard  to  policy,  no  significant  changes  are 
assumed.  With  regard  to  technology,  the  projec- 
tions assume  increasingly  less  intensive  mineral 
use  in  highly  industrialized  countries  and  increas- 
ingly more  intensive  mineral  use  in  the  LDCs. 

Analytic  Methodology.  Both  the  1972  and  1977 
Malenbaum  projections  were  develDped  using  a 
methodology  known  as  the  Intensity  of  Use  (lOU) 
analysis.  This  methodology  utilizes  simple  arith- 
metic procedures  based  on  the  relative  intensity 
with  which  a  given  commodity  is  projected  to  be 
consumed  per  unit  of  per  capita  gross  domestic 
product  (GDP).  This  relative  intensity  of  use  is 
referred  to  as  the  materiaPs  lOU  statistic.  A  rel- 
atively high  lOU  statistic  indicates  that  a  rela- 
tively large  quantity  of  a  given  commodity  is 


projected  to  be  consumed  per  unit  of  per  capita  « 
GDP. 

Brief  Description.  In  the  1977  Malenbaum  Re- 
port (which  was  the  repor]^relied  upon  primarily 
by  the  Study)  consumption  projections  for  12 
minerals  and  materials  were  developed  independ- 
ently of  each  other,  using  the  lOU  methodology. 
They  were  based  on  exogenous  projections  of 
GDP  and  population,  in  combination  with  an  ex- 
trapolation of  historic  relationships  between  min- 
eral^psumption  and  per  capita  GDP  (developed 
acctfrding  to  lOV  theory). 

lOU  theory  assumes  that  as  less  developed 
countries  industrialize,  they  use  increasing  quan- 
tities of  minerals  per  unit  of  per  capita  GDP;  con- 
versely, it  assumes  that  as  industrial  countries 
move  toward  postindustrial  status,  they  use  de- 
creasing quantities  of  miner^s  per  unit  of  per  cap- 
ita  GDP.  Malenbaum's  Ose  of  lOU  methodology 
also  assumes  explicitly  that  long-term  growth  in 
minerals  and  materials  consumption  will  not  be 
governed  by  supply  limitatioii9-*^wheth^.r  due  to 
depletion,  environmental  co^fiaints.  price  in- 
creases. Or  other  factors.  In  particular,  it  assumes 
explicitly  that  future  consumption  of  minerals  and 
materials  will  be  largely  independent  of  price, 
though  Malenbaum  notes  that — to  the  vague  and 
imprecise  degree  that  prices  are  considered — they 
are  projected  to  decline. 

First  Major  Use.  The  lOU  methodology  is  said 
to  have  been  developed  by  the  International  Iron 
and  Stee}^Institute  in  1972  and  tends  to  produce 
lower  consumption  projections  than  other  meth- 
odologies (since  it  assumes  that  increasing  eco- 
nomic growth  in  the  industrial  countries  reqirires 
increasingly  less  consumption  of  minerals  and 
materials  p^r  unit  of  per  capita  economic  growth). 
Malenbaum'v  studies  based  on  this  particular 
.methodology  were  used  by  the  National  Com- 
mission on  Materials  Policy  to  demonstrate  the 
feasibility  of  striking  a  balance  between  the  na- 
tional need  to  produce  goods  on  the  one  hand  and 
*to  protect  the  environment  on  the  other. 

Geographic  Representation.  In  the  Malenbaum 
mineral-consumption  projections  the  world  is  di- 
vided into  10  countries  or  groups  of  countries, 
treated  independently  and  at  the  same  level  of 
detail.  The  Bureau  of  Mine's  projections  are  dis- 
aggregated geographically  into  only  two  parts:  the 
United  States  ai^d  the  rest  of  the  world. 

Temporal  Representation.  The  lOU  method- 
ology involves  no  endogenous  dynamic  calcula- 
tions. Projections  for  any  given  year  are  based 
entirely'on  exogenous  population  and  GDP  pro- 
jegHons  and  lOU  assumptions.  The  exogenous 


o36 


498 


THE  GOVERNMENT'S  GLOBAL  MODEL 


population  and  GDP  assumptions  must  be  aggre- 
gated in  the  same  way  as  the  data  used  to  project 
future  trends  in  the  lOU  statistics  and  must  be 
consistent  with  th«^  historical  data  used  to  develop 
.  the  lOU  relationships.  The  1977  Malenbaum  Re- 
port presented  historical  estimates  for  the  1971- 
75  period  and  earher,  and  projections  for  1985 
and  2000. 

Cases  Analyzed.  For  a  variety  of  reasons  it  was 
not  possible  to  obtain  nonfuel  minerals  projec- 
tions specifically  for  the  Global  2000  Study.  As 
a  result  it  was  necessary  to  rely  entirely  on  pre- 
viously published  projections— namely,  the  1977 
Malenbaum  Report— which  presents  only  one  set 
of  consumption  projections:  the  medium  one. 
This  set  of  projections  is  based  on  Malenbaum's 
population  and  GDP  projections,  which  differ  in 
complex  ways  from  those  of  this  Study  (see  Chao- 
ter%2).  ^ 

The  Bureau  of  Mines'  pifojections  fqr  an  ad- 
ditional 75  minerals  and  materials  are  made  for 
three  cas^js:  a  probable,  high,  and  low  case.  How- 
ever, the  Bureau's  assumptions  are  not  suffi- 
ciently explicit  or  document^  to  determine  exactly 
how  these  assumptions  relate  to  those  of  the 
Study,  find  so  only  the  Bureau's  probable  case 
projections  have  been  presented  in  Chapter  12. 

11.   Environment  Element 

Source.  The  environmental  projections  were 
prepared  by  the  Study's  central  staff,  with  assist- 
ance from  the  Environmental  Protection  Agency, 
the  Agency  for  International  Development  of  the 
U.S.  Department  of  State,  the  Council  on  Envi- 
ronmental Quality,  and  outside  consultants.  In 
particular,  the  Council  on  Environmental  Quality 
and  the  Environmental  Protection  Agency  con- 
ducted extensive  reviews  of  the  drafts  of  Chapter 
13.  On  the  basis  of  the  first  of  these  reviews,  the 
Study's  central  staff  rewrote  the  environmental 
chapter  over  a  period  of  about  six  months.  The 
primary  contributions  to  the  final  draft  came  from 
several  persons:  Gerald  O.  Barney,  Study  Direc- 
tor; Jennifer  Robinson,  a  member  of  the  Study's 
central  staff;  Peter  Freeman,  a  free-lance  envi- 
ronmental and  development  consultant;  Jeffrey 
Maclure,  a  member  of  the  Study's  central  staff; 
Allan  Matthews,  a  retired  foreign  service  officer; 
Bruce  Ross,  an  ecologist  on  the  staff  of  the  Cen- 
tral Intelligence  Agency;  Thomas  Lovejoy  of  the 
World  Wildlife  Fund,  Washington,  DC;  Paul 
Lehr,  a  Washington-area  writer  specializing  in 
climatological  issues;  and  Richard  Hennemuth, 
Assistant  Director  of  the  Northeast  Marine  Fish- 
erics  Laboratory,  National  Oceanic  and  Atmos- 


pheric Administration,  Woods  Hole, 
Massachusetts. 

Explicit  Linkages  to  Other  Elements  of  the  Gov- 
ernment's Global  Model.  The  Study's  environ- 
mental projections  were  based  primarily  on  the 
medium  cases  of  all  of  the  Study *s  other  projec- 
tions. Although  they  were  directly  used  by  none 
of  the  Study's  other  projections,  a  ^rious  attempt 
was  made. to  assess,how  feedback  from  the  com- 
bined influence  of  all  of  the  environmental  im- 
pacts would  feed  back  to  influence  the  population, 
GNP,  and  resource  projections.  The  basic  con- 
clusion of  this  analysis  was  that  feedback  from  the 
environmental  projections  would  have  signifi- 
cantly altered  the  population,  GNP,  and  resource 
projections  if  it  had  been  possible  to  include  this 
feedback  explicitly. 

Critical  Policy  and  Technology  Assumptions.' 
With  regard  to  policy  and  technology,  no  major 
changes  were  assumed  other  than  those  implicitly 
carried  forward  from  the  other  study  projections 
from  which  the  environmental  impact  projections 
were  derived. 

Brief  Description.  The  original  plan  of  t*^e  Study 
called  foreach  participating  agency  to  analyze  the 
environmental  implications  of  its  own  projections. 
^It  was  assumed  that  in  responding  to  the  require- 
ments of  the  National  Environmental  Policy  Act, 
each  of  the  agencies  would  have  developed  a  ca- 
pacity to  analyze  the  environmental  implications 
of  its  trend  projections.  As  it  turned  out,  most  do 
now  have  some  capacity  for  environiAental  anal- 
ysis, but  only  rarely  is  the  capability  available  for 
examining  the  environmental  implications  of  long- 
range  global  projections.  As  a  result,  the  envi- 
ronmental analyses  that  camcL  appended  to  the 
agencies'  projections,  with  some  exceptions,  were 
minimal  or  nonexistent.  Confronted  with  this  sit- 
uation, the  Study's  central  staff  was  forced  to 
strengthen  the  contributions  that  had  been  made 
and  to  prepare  environmental  analyses  in  those' 
cases  where  none  had  been  contributed.  A  num- 
ber of  consultants  assisted  to  accelerate  the  work, 
but  the  extended  environmental  analysis  unavoid- 
ably delayed  the  Study.  Along  the  way  it  became 
clear  that  the  government  presently  has  only  a 
very  limited  analytical  capacity  for  integrated, 
long-term  projections  of  global  environmental 
trends. 

Analytic  Methodology.  The  environmental  pro- 
jections were  made  using  the  descriptive,  deduc-. 
tive,  md  inductive  methods  ofScholarly  and 
scientific  research.  Whenever  possible,  the  envi- 
ronmental analyses  emphasized  the  quantitative 
and  quantitative  aspects  of  the  ability  of  the  en- 
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vironmenfto  support  human  life  and  to  provide 
goods  and  services.  Particular  attention  was  given 
to  situations  in  which  the  goods  and  services  pro- 
vided by  healthy  environmental  systems  are 
threatened  for  large  portions  of  the  world's  pop* 
ulation  or, over  large  geographical  areas.  Special 
attention  was  given  to  situations  where  wide- 
spread or  irreversible  dainage  to  the  environmen- 
tal systems  now  threatens  to  occur.  Uncertainties 
were  unavoidable  in  the  environmental  analysis 
because  there  are  still  many  gaps  in  scientific 
knowledge  and  data  in  this  field. 

The  environmental  projectkons  or  analyses  were 
made  from  two  different  perspectives.  One  per- 
bpcctive  started  with  each  of  the  other  (nonen- 
vironmental)  projections  reported  in  the  Study 
and  analyzed  :he  implications  of  that  projection 
for  the  environment.  This  perspective  is  analo- 
gous to  that  involved  in  the  preparation  of  the 
environmental  impact  statefnents  required  by  the 
NkUonal  Environmental  Policy  Act.  The  other 
perspective  started  witK  the  overall  environmental 
impacts  of  all  the  projec^ted  trends  and  analyzed 
the  feedback  implications  of  all  these  environ- 
mental impacts  collectively  on  each  of  the  uther 
(nonenvironmental)  projections.  The  government 
(ioes  not  routinely  perform  analysis  from  this  sec- 
ond (feedback)  perspective,  but  parts  of  the  an- 
nual Envif  onmental  Quality  reports  of  the  Council 
on  Environmental  Quality  are  analogous  in  in- 
tent. 

First  Major  Use,  The  environmental  analyses 
were  necessarily  developed  specifically  for  this 


SXuuy  ;  fiowevtr,  they  are  based  on  techniques  that 
have  been  in  widespread  use  for  decades. 

Geographic  Representation.  Like  the  fisheries, 
forestrj-  and  water  projections,  the  environmen- 
tal projections  are  complicated  by  the  fact  that 
the  boundaries  of  the  political  jurisdictions  re- 
sponsible for  management  p  \  data  collection  do 
not  coincide  with  the  natura.  boundaries  of  eco- 
logical systems.  Whenever  possible,  the  environ- 
mental analysis  is  presented  in  terms  of 
geographical  subdivisions  that  correspond  to  the 
areas  of  particular  ecological  systems  (e.g. ,  a  river 
basin  or  watershed).  In  many  cases,  data  limita- 
tions made  it  necessary,  to  use  national  subdivi- 
sions in  discussing  specific  examples  of  problems, 
when  ecological  boundaries  would  have  been 
more  appropriate. 

Temporal  Repteseruldtion,  In  most  cases  envi- 
ronmental impacts  are  projected  to  the  year  2000. 
They  are  developed  generally  from  airaight-line 
(linear)  and  from  exppnential  (nonlinear)  extrap- 
olations of  past  trends,  and  from  inference  from 
ecological  theory. 

Cases  Analyzed.  As  ^previously  noted,  the  en- 
vironmental projections  were  based  primarily  on 
the  medium  cases  of  tljfe  Study*s  other  projections. 
Although,  they  themselves  were  not  used  in  de- 
veloping any  of  the  Study's  other  projections,  a 
special  analysis  was  subsequendy  prepared  dis- 
cussing many  of  the  implications  of  the  environ- 
mental projections  with  regard  to  the  other 
(nonenvironmental)  projections  of  the  Study. 
This  special  analysis  is  presented  as  part  of  Chap- 
ter 13. 


15  Population 


Census  Projections 

The  Bureau  of  the  Census  (in  the  U.S.  Depart- 
ment of  GHrmerce)  collects  and  publishes  esti- 
mates and  projections  of  worldwide  population 
-  growth  trends^ and  dem<^raphic  parameters,  in 
addition  to  its  imyor  task  of  gathering  material  on 
the  people  ana  economy  of  the  United  States. 
Responsibility  for  developing  these  estimates  and 
V  projections  rests  with  the  International  Demo- 
graphic Data  Center  in  the  Bureau's  Population 
Division  and  with  the  Bureau's  Foreign  Demo- 
graphic Analysis  Division. 

The  Bureau  of  the  Census's  international  de* 
mographic  program  was  initiated  in  1954  but  did 
not  receive  any  m^jor  impetus  until  the  late  1960s, 
when  improved  statistical  support  was  required  by 
ths  State  Department's  Agency  for  International 
Development  (AID).  Previously,  AID  relied  on 
official  U.N.  prqjections,  published  every  five 
years,  which  were  sometimes  influenced  by  the 
interests  of  member  states  and  were  not  consid- 
ered sufficiently  timely  or  flexible  to  meet  the 
policy  analysis  needs  of  the  Agency.  Thus,  in 
response  to  the  requirements  of  AID  and  other 
federal  agencies,  the  Bureau  of  the  Census  estab- 
lished and  maintains  a  comprehensive  set  of 
population  and  related  social  and  economic  statis- 
tics for  all  nations  oi  the  world,  with  particular 
emphasis  on  the  less  developed  countries  (LDCs). 

FuOy  reliable  mortality  and  fertility  statistics  for 
most  of  these  nations  are  not  available  from 
con*'entional  sources,  such  as  the  official  birth 
mi  death  registers  maintained  by  most  LDCs. 
Thereforr^,  in  developing  population  projections 
(which  requir;  tnese  statistics),  the  Bureau  must 
estimate  past  mortality  and  fertility  rates  and 
assess  other  demographic  conditions  from  incom- 
plete data,  maieing  acUustments  where  appropriate 
after  evahiating  all  data  for  possible  errors.  Only 
after  such  adjustments  are  made  are  the  data 
suitable  as  a  base  for  making  projections.  As  a 
result,  past  demographic  estimates  (as  well  as 
ftiture  prqjections)  are  based  on  the  professional 
judgment  of  the  Bureau  and  may  differ  signifi- 
cantly ftom  estimates  made  by  other  professional 
oigai^tions. 


Estimates  of  past  population  growth  rates  (de- 
rived fipom  estimates  of  past  mortality  and  fertility 
rates  and  past  population  structures)  illustrate 
those  differences.  For  example,  the  Census  Bu- 
reau estimates  that  the  population  of  thi  less 
developed  world  was  increasing  at  an  aiuiual  rate 
of  2.23  percent  in  1975,  compared  to  the  U.N. 
estimate  of  2.34  percent,  a  figure  4  percent 
greater.  Since  estimates  of  underiying  mortality 
and  fertility  rates  are  nearly  the  same/or  the  two 
agencies  for  1975,  this  difference  in  the  growth 
.  tes  is  presumably  due  to  the  different  estimates 
of  the  population  age  structure.*  Other  organiza- 
tions show  much  wider  differences  in  their  esti- 
mates of  past  growth  rates  in  the  less  developed 
world.  For  example,  AID  estimates  a  197S  growth 
rate  of  1.88  percent  and  the  Environmental  Fund, 
2.55  percent." 

Projections  of  the  future  are  even  more  diver- 
gent than  estimates  of  the  past.  Some  experts  at  the 
1978  annual  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  for  example, 
suggested  that  by  the  year  20(X),  the  world  may 
contain  a  billion  fewer  people  than  shown  in  projec- 
tions by  the  U.N.  agencies  and  other  organizations. 
Other  expertsdisagree,  pointing  to  recent  increasing 
birth  rates  in  countries  as  diverse  as  Taiwan  and  the 
United  States.  « 

Many  fedeml  agencies,  including  the  Depart- 
ments of  Agriculture,  Energy,  and  the  Interior, 
often  rely  on  international  population  estimates 
and  projections  developed  by  oiiganizations  other 
than  the  Bureau  of  the  Census— for  example,  the 
U.N.  Population  Division  or  the  Worid  Bank — 
apparently  because  the  U.N.  and  Worid  Bank 
estimates  and  projections  are  more  widely  known. 
Rarely,  if  ever,  have  these  federal  agencies  criti- 
caOy  compared  the"  Census  prqjections  with  those 
;!eveloped  by  other  institutions.  Other  federal 
agencies,  paitkrulariy  AID,  make  more  extensive 
use  of  the  Census  estimates  and  projections,  in 
coiyunction  with  those  developed  by  other  orga- 
nizations. 


•Converaely,  the  U.N.  projects  that  the  LDC  population 
growth  rate  over  th«  1995-2000  period  will  be  4  percent  lower 
than  in  «he  medium  growth  Census  Bureau  projections. 
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Chicago  Projections 

At  the  suggestion  of  AID's  Office  of  Population, 
for  comparative  purposes,  an  alternate  set  of 
population  projections  was  provided  to  the  Global 
2000  Study  by  the  University  of  Chicago's  Com- 
munity and  Family  Study  Center.  These  projec- 
tions*(hcreafter  referred  to  as  the  Chicago  projec- 
tions) utilize  a  methodology  that  emphasizes  the 
potential  impact  on  population  size  of  national 
efforts  to  provide  family  planning  services.  The 
projections  are  currently  being  used  by  AID  to 
develop  projections  of  the  following  critical  social 
statistics  related  to  population  for  selected  coun- 
tries: (1)  size  of  the  school-age  population,  labor 
force,  and  elderly  population;  (2)  requirements  for 
food,  housing,  schools,  jobs,  and  medical  facili- 
ties; and  (3)  trends  in  urbanization. 

Both  the  Census  and  Chicago  projections  have 
been  presented  in  Chapter  2.  The  high-,  medium-, 
and  low-growth  Chicago  projections  of  total  popula- 
tion in  the  year  2000  are,  respectively,  12, 7,  and  3 
percenr  lower  than  the  Census  projections.  These 
differences  reflect  Chicago's  lower  baseyear  esti- 
mates of  population  size  and  fertility  and  Chicago^s 
assumption  that  means  of  regulating  fertility  will  be 
available  throughout  the  world  on  an  organized 
basis  by  the  year  2000. 

Because  of  the  need  to  focus  the  Global  2000 
Study  on  a  limited  number  of  scenarios  and 
because  the  Census  projections  were  made  by  a 
federal  agency,  only  the  Census  projections  have 
been  used  in  developing  the  food  and  energy 
projections  of  the  Study,  which  required  exoge- 
nous population  projections.  Other  projection 
methodologies  used  by  the  Study  (which  in  many 
cases- also  required  exogenous  population  projec- 
tions) made  use  of  various  other,  independently 
developed,  projections. 

Key  Analytic  Methodology 

Both  the  Census  and  Chicago  projections  are 
based  on  the  cohort-component  method  of  popu* 
lation  projection  developed  b\  the  Scripps  Foun- 
dation in  the  early  \930s.  This  method,  now  the 
standard  procedure  for  projecting  population 
through<}{ut  the  world,  uses  exogenous  estimates 
of  initial  population  size,  disaggregated  by  age  and 
sex,  end  exogenous  age-  and  sex-specific  projec- 
tions of  mortality,  fertility,  and  net  migration 
trends  in  order  to  procfuce  age-  and  sex-specific 
projections  of  p  elation  size  on  a  year  by  year 
basis.  The  name  ''cohort-component**  refers  to 
the  fact  that  each  ''cohort**  of  total  population 
(i.e.,  each  group  of  males  or  females  bom  in  the 
same  year)  is  treated  separately  and  explicitly 
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with  respect  to  each  msyor  demographic  ''compo- 
nent'* (mortality,  fertility,  and  net  migration). 

Standard  statistical  procedures  were  applied  to 
develop  both  the  Census  and  Chicago  exogenous 
estimates  of  initial  population  and  future  mortality 
rates.  Similar  procedures  were  followed  in  devel- 
oping the  Census  exogenous  estimates  of  future 
fertility  rates.  But  the  Chicago  exogenous  esti- 
mates of  future  fertility  rates  were  based  on  the 
application  of  a  more  complex  quantitative  meth- 
odology, which  relied  on  different  basic  assump- 
tions regaivling  the  principal  factors  that  influence 
fertility  rates.  Both  the  Census  and  Chicago 
projections  assume  that  no  migration  will  occur 
between  any  countries  of  the  world  during  the 
period  1975J000. 

The  Chicago  methodology  for  projecting  fertility 
trends  was  first  developed  at  the  University's 
(Community  and  Family  Study  Center  in  August 
1977,  and  is  still  being  refined.  The  preliminary 
estimates  dealt  with  the  speed  with  which  family 
planning  programs  are  lilc^ly  to  be  adopted  by  the 
various  nations  of  the  world  and  probable  efficacy 
of  these  programs.  These  estimates  were  reviewed 
by  a  panel  of  demographic  experts  in  September 
1977.  The  panel  members  were  critical  of  many 
aspects  of  the  study  and,  in  general,  felt  that  the 
efificacy  of  family  planning  programs  was  greatly 
overstated.  This  criticism  was  supported  by  addi- 
tional quantitative  analyses  already  in  progress  at 
Chicago. 

Adjustments  reducing  the  estimated  effects  of 
family  planning  prograihs  on  crude  birth  rates  by 
approximately  50  percent  were  therefore  mad-;  by 
the  Chicago  group,  and  an  extensive  set  of 
population  projections  for  various  countries  and 
regions  of  the  world  was  prepared  for  the  Global 
2000  Study  in  October  1977,  which  were  roughly 
10^0  rercent  lower  than  the  Census  projections. 
A  final  set  of  projections  for  all  countries  of  the 
world  was  provided  to  the  Global  2000  project  in 
February  1978.  They  incl&ded  a  revision  of  re- 
gional projections,  fur  which  only  rough  estima- 
tions were  available  earlier.  These  arc  the  projec- 
tions, roughly  5-10  percent  higher  than  Chicago*s 
previous  projections,  which  are  presented  in 
Chapter  2. 

Both  sets  of  projection*;  Wwfe  developed  with 
the  aid  of  co!nputer  programs  written  in  FOR- 
TRAN and  run  on  IBM  370/168  computers.  The 
Census  cohort-component  program  consists  of 
approximately  1,100  lines  of  programming  instruc- 
tions, including  extensive  comments  and  sup- 
ported by  a  '^  ^^jmn  for  estimating  projected  liife 
tables  of  app..  ximately  200  tines  and  a  program 
for  estimating  projected  age-specific  fertility  rates 
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of  approximately  15  lines.*  The  Chicago  cohort- 
component  prcgrani  consists  of  approximately  800 
lines  of  programming  instructions,  including  com- 
ments. In  addition,  the  Chicago  fertility  method- 
ology utilizes  a  separate  3Wine  FORTRAN  pro- 
gram to  cakulate  total  fertil^y  rates'and  a  15-line 
FORTRAN  program  to  transform  the  tptal  fertility 
rates  into  age-specific  fertility. 

Bask  Principles 

The  cohort-component  methodology  is  focused 
almost  entirely  on  the  following  basic  demo- 
graphic equation: 

Net  population  change  ^  binhs  -  deaths  ±  net  migration. 
In  order  for  this  relationship  to  hold,  it  must  ref  ^ 
to  a  fixed  territory,  and  there  must  be  no  measure- 
ment error  in  any  of  the  components.  Regional 
and  total  world  population  projections  are  ob- 
tained by  simply  summing  the  relevant  country 
and  subregion  projections,  assumed  independent 
of  each  other.  Additions  to  a  population  within  a 
given  area  are  made  when  a  birth  occurs  or  a 
migrant  arrives;  conversely,  population  numbers 
are  decreased  through  death  or  emigration. 

Factors  that  determine  the  rates  at  which  these 
e^nts  occur  are  peripheral  to  the  .methodology 
and  their  influence  is  almost  always  cxogenously 
estimated.  Explicit  projections  of  mortality,  fertil- 
ity, and  net  migration  are  ''equired  by  the  cohort- 
component  methodology.  However,  the  factors 
that  underlie  these  projections  sgre  usually  not 
explicitly  specified.  Not  only  are  they  not  pre- 
cisely quantified,  but  often  they  are  not  even 
precisely  identified.  The  Chicago  fertility  projec- 
tions constitute  a  rare  exception  to  this  rule. 
Moreover,  with  regard  to  net  migration,  any 
balancing  of  projected  flows  of  immigrants  and 
emigrants  between  diffeient  populations  must  be 
performed  exogenously  if  country  and  subregion 
projections  are  to  be  consistent  with  each  other. 
Consistency  was  obtained  in  the  case  of  the 
Gobal  2000  Study  by  assuming  zero  net  migra- 
tion. 

IJnder  the  cohort>component  methodology, 
population  projections  are  developed  exclusively 
on  the  basis  of  (1)  an  initial  estimated  population 
structure  for  a  given  base  year,  in  tenns  of  the 
various  population  cohorts  by  sex,  and  (2)  a  set  of 
exogenous  projections  of  mortality,  fertility,  and 


•  Estimation  of  baw-year  demographic  parameters  by  the 
Bureau  ot  the  Census  is  also  accomplished  making  use  of 
the  computer  programs  presented  in  the  Bureau's  Computer 
Programs  for  Demographic  Analysis,  by  E.  Amaga.  P 
Anderson,  and  L  Heligman.  ^Washington.  GPO.  1976). 
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net  migration  rates  for  each  year  covered  by  the 
projection,  specified  for  each  of  the  vanoas  popu- 
lation cohorts.  A  cohort  population  (or,  more 
properly,  a  birth  cohort)  is  the  total  number  of 
males  or  females  within  a  population  bom  in  the 
same  year  and  therefore  of  the  same  age,  though, 
cohorts  can  also  be  specified  for  periods  other 
than  a  year.  For  example,  a  S-year  cohort  would 
refer  to  the  group  of  males  or  fenmles  within  a 
population  bom  during  the  same  S-year  period. 

Projections  are  developed  sequentially  on  a 
year  by  year  basis,  starting  with  a  base-year 
estimate  of  the  population  structure  of  the  region 
or  country.  Each  cohort  is  projected  to  age  a  year 
according  to  its  exogenously  estimated  mortality 
rate  (expressed  in  terms  X}f  a  survival  ratio)  and 
any  exogenously  estimated  nef  migration  (which 
may  be  expressed  either  in  terms  of  a  rate  or  an 
absolute  number).  Births  are  calculated  by  multi> 
plying  each  female  cohort  in  the  fertile  ages  by  its 
exogenously  estimated  fertility  rate  for  that  year 
(expressed  in  tenms  of  annual  births  per  thousand 
women  of  a  given  age  group).  These  calculations 
produce  a  new  population  structure,  which  differs 
from  the  original  base-year  structure  and  is  used 
as  the  new  base  yeaffor  calculating  the  subse- 
quent year's  population  strtjcture. 

Because  mortality,  fertility,  and  net  migration 
rates  are  exogenously  estimated  for  all  years 
covered  by  the  projection  in  advance  of  any 
calculations  to  project  overall  population  structure  ^ 
for  those  years,  the  cohort-component  methodol- 
ogy implicitly  assumes  that  age-specific  mortality, 
fertility,  and  net  migration  rates  are  not  directly 
relat^to  overall  population  structure.  For  exam- 
plerwhough  the  total  number  of  births  projected 
for  a  given  year  is  dependent  on  the  number  and 
age  composition  of  fertile  women  just  projected 
for  the  preceding  year,  the  fertility  rates  them- 
selves are  independent  of  other  population  statis* 
tics.  This  means,  in  effect,  that  the  probability  of 
a  woman  having  a  child  in  a  given  year  is  assumed 
to  be  independent  the  ratio  of  men  to  women 
or  the  ratio  of  dependents  to  persons  of  working 
age. 

The  cohort-component  methodology  also  im- 
plicitly assumes  that  exogenously  estimated  mor- 
tality, fertility,  and  net  migration  rates  are  not  * 
directly  rslated  to  the  impact  of  future  population 
size  and  structure  on  the  allocation  of  economic 
resources  or  the  development  of  social  policy.  For 
example,  although  exogenous  projections  of  mor- 
tality rates  are  implicitly  based  on  projected  trends 
in  economic  growth  and  the  modemization  of 
social  programs,  they  are  not  explicitly  based  on 
precise,  quantitative  relationships  involving  any  of 
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the  following  variables:  per  capita  income;  re- 
quirements for  food,  housing,  schools,  jobs,  Oi 
medical  fiacilitiec;  \1kt\y  welfare  expenditures  (ex- 
l^itly  taking  into  account  a  country's  projected 
investment  and  foreign  exchange  requirements); 
the  influence  of  environmental  factors;  and  poten- 
tial fundamental  economic,  social,  or  political 
.  change. 

Most  demographers  making  use  of  the  cohort- 
component  methodology  agree  that  many  of  these 
relationships  are  important  determinants  of  popu- 
lation strtKture.  However,  they  also  point  out  that 
there  is  no  general  agreement  among  demogra- 
phers as  to  what  kind  of  influence  each  of  these 
factors  has  on  mortality,  fertility,  and  net  migra- 
tion. Agreement  is  also  lacking  on  how  such 
influences  shoukl  best  b^  represented  quantita- 
tively in  terms  of  equation  structure^  and  on  the 

•  values  that  shouk!  be  given  to  coefficients  and 
exponents  within  particular  equations. 

Some  demographers  emphasize  t  importance 
of  a  country*s  cultural  context,  social  norms,  and 
general  economic  situation  in  determining  fertility 
levels  and  trends.  Many  of  these  aigue  that  high 
fertility  rates  can  be  projected  to  decline  only  if 
other  n^jor  social  changes  are  concurrently  pro- 
jected. These  might  include  the  achievement  of  a 
large  per  capita  increase  in  national  income,  a 
more  equitable  distribution  of  national  income,  a 
Widely  available  good  health  care  system,  in- 
creases in  the  number  and  scope  of  opportunities 
for  women,  improved  opportunities  for  educating 
chiMren  .  and  the  attainment  of  means — other  than 

.  large  families— of  guaranteeing  security  in  old  age. 
Other  demographers  emphasize  the  Ui.portance 
of  facilitating  the  direct  regulation  of  fertility  itself 
through  the  practice  of  contraception,  sterilizatiori, 
or  abortion.  Many  assert  that  changing  socioeco- 
nomic contexts  can  have  little  influence  in  reduc- 
ing high  fertility  rates  if  information  and  technolo- 
gies related  to  fertility  regulation  are  not  widely 
available.  They  also  point  out  that  projecting,  the 
implementation  of  dfective  national  programs  to 
make  them  available  implicitly  assumes  that  the 
other  improvements  in  socioeconomic  condition.^ 
will  be  occurring  at  the  same  time. 

Still  other  demographers  question  whether  mak- 
ing available  information  and  technologies  related 
to  regulating  fertility  is  likely  to  have  much 
influence  in  producing  significant  fertility  rate 
reductions  in  many  countries  with  strong  pro- 
natalist  traditions.  Some  point  out  that  higher  per 
capita  incomes  appear  to  be  associated  with 
higher  fertility  r.tes  in  many  LDC  populations. 

Demographers  also  point  out  that  there  is  littie 
general  agreement  among  economists  and  social 
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scientists  as  to  the  influence  of  population  size 
and  structure  on  the  economic  and  sociologic 
variables  that  might,  in  turn,  influence  population 
size  and  structure.  Some  economists  assert  that 
high  population  growth  creates  pressures  on  lim- 
ited natural  resources,  reduces  private  and  public 
capital  formation,  and  results  in  additions  to 
capital  resources  being  used  to  maintain,  rather 
than  increase,  the  stock  of  capital  per  worker. 
Others  point  to  positive  effects,  such  as  econo- 
mies of  scale  and  specialization,  the  possible  spur 
to  favorable  motivation  caused  by  increased  de- 
pendency, and  the  more  favorable  attitudes,  ca- 
pacities, and  motivations  of  younger— compared 
with  older — populations. 

Thus,  rather  than  pick  a  set  of  explkit  relation- 
ships that  might  not  be  readily  defensible  on  an 
individual  basis.  Census  Bureau  demographers 
prefer  to  state  that  levels  and  trends  in  mortality, 
for  example,  are  related  to  niany  factors,  ir^luding 
the  quantity  and  quality  of  food  and  housing,  the 
degrte  of  various  economic  pressures,  the  availa- 
bility of  n;fdk:al  knowledge,  personnel,  aiKi  sup- 
plies, and  the  extent  of  publk:  health  program^. 
They  project  levels  ar^d  trends  in  mortality  exoge- 
nously  as  summary  statistics  with  no  specific 
accounting  for  the  inc'ividual  ^influence  of  each  ot 
these  factors  and  indicate  thdt  it  may  often  be 
inappropriate  to  revise  these  exogenous  projec- 
tions to  take  into  account  different  assumptions 
regarding  any  one  variable  (for  example,  food 
availability).  According  to  the  Census  demogra- 
phers, given  the  large  number  of  factors  that 
deteimine  mortality,  different  reasonable  assump- 
tions regarding  food  availability  couki  all  be  con- 
sistent with  previously  projected  mortality  as- 
sumptions. 

For  similar  reasons,  both  the  Census  and  Chi- 
cago projections  for  the  Global  2000  Study  assume 
that  net  migration  between  countries  after  197S 
will  be  zero.  This  assumption  in  part  reflects  a 
decision  to  simplify  the  projections  and  meet  the 
deadlines  set  by  the  project.  The  cohort-compo- 
nent methodolc^  requires  that  the  careful  balanc- 
ing of  flows  of  immigrants  and  emigrants  between 
separate  populations  be  performed  exogeru>usly — 
a  laborious  process  that  the  meth(^ology  does  not 
facilitate.  Moreover,  statistical  material  related  to 
past  international  migration  is  largely  incomplete 
and  unreliable  so  that  simple  trend  extrapolation  ^ 
is  difficult  and  of  limited  usefulness. 

However,  the  zero  net  migration  assumption 
also  reflects  the  fact  that  ^here  is  onU  limited 
agreement  among  economists  or  social  scientists 
as  to  what  causal  factors  (in  what  equations  with 
what  coefficient  or  variable  values)  are,  or  are 
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likely  to  be,  the  main  determinants  of  international 
migratioii  trends  under  various  circumstances.  As 
it  happens,  the  zero  net-migration  assumption  has 
been  approximately  valid  for  most  nations  of  the 
worid  in  the  past  but  has  been  cleariy  invalid  for 
aeveral-<if  which  the  United  States  is  one  of  the 
most  conspicuous.  The  assumption  of  zero  net 
migration  for  the  period  1975u2000  is  thus  based 
more  on  lack  of  time,  resources,  data,  and  theory 
than  on  a  belief  that  this  component  wilLactually 
remain  asero.  Projecting  nuyor  intem^nal  migra- 
tions, cf  course,  couM  have  had  a  significant 
impact  on  many  of  the  other  projections  devel- 
<}ped  for  the  Gk)bal  2000  Study.  But  projecting  the 
magntoide  and  direction  of  such  mirations,  as  in 
the  case  of  progecting  the  dimensions  and  direction 
of  climatok>gical  change,  wouU  have  been  some- 
what arbitrary  and  extremely  uncertain. 

Many  demographers  feel  that  highly  uncertain 
relationships  shouM  not  be  specified  explicitly  in 
devek)ping  poputation  projections.  The  methodol- 
Qgjf,  they  feel,  shouU  either  treat  such  relation- 
ships knpiicitly  in  devekqxng  exogenous  mortality, 
fertility,  and  net  migration  projections,  or  it  should 
disregard  them  ahogether.  The  Chicago  fertility 
projection  methodology  represents  an  exception 
to  this  rule.  It  makes  comparatively  daring  as- 
suimtions  regarding  the  wklespread  adoption  and 
eflipcy  of  fiunily  planning  programs,  expressing 
these  assumptions  in  explicit,  quantitative  terms, 
and  it  uses  the  fertility  projections  thus  obtained 
as  exogenous  inputs  for  making  population  projec- 
tions. 

The  Qiicugo  fertility  projection  methodology  is 
based  on  five  nuyor  assumptions: 

1.  Two  mitfor  factors  in  determining  the  future 
course  of  a  natkm's  fertility  are  the  date  at  which 
it  sponsors  a  national  program  to  distribute  fertil- 
ity regulation  ervices  and  the  level  of  effort  at 
which  it  implonents  that  program. 

2.  Countries  with /no  family  planning  programs 
4      now  may  be  expected  to  begin  at  least  weak 

(partial)  programs  within  the  ver  /  near  ftiture,  and 
natkms  with  weak  or  moderate  family  planning 
programs  may  be  expected  to  strengthen  them 
substantially.  By  the  end  of  the  century,  every 
natkm  on  earth  is  expected  to  have  at  least  some 
kind  of  a  substantia]  public  or  private  planning 
effort. 

3.  Steady  but  not  necessarily  spectacular  prog- 
ress may  also  be  expected  in  other  areas  of 
economic  and  social  devek>pment  (i.e.,  efforts  to 
reduce  infant  mortality,  promote  adult  literacy, 
raise  the  standard  of  living,  and  promote  commu- 
nity development  will  continue  at  about  present 
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rates).  In  other  words,  rapkl  fertility  decline  does 
not  result  solely  from  economic  development  or 
family  planning  progress  but  from  both  at  once. 

4.  Th^  projected  rate  of  fertility  decline  will  be 
directly  proportional  to  the  amount  of  family 
planning  effort  and  the  q^Jal^  of  those  efforts, 
which«  in  turn,  encompassesAme  variation  to  be 
found  across  continents,  cultures,  religious 
groups,  and  levels  of  economic  activity. 

5.  The  pace  of  decline  of  fertility  will  be  that  of 
a  reverse  S  curve.  When  birth  rates  are  high  and 
family  planning  programs  are  still  gaining  social 
acceptance,  the  pace  will  be  slow.  As  birth  rates 
fall  to  lower  levels,  the  rate  of  decline  will 
accelerate  to  a  maximum  when  the  crude  i)irth  * 
rate  is  between  20  and  38  births  per  thousand 
members  of  the  total  population.  In  this  interval, 
the  pace  may  be  very  rapid.  When  the  crude  birth 
rate  reaches  the  lower  2Qs,  complete  saturation  of 
contraception  will  have  been  i^proached.  Non- 
adopters  at  this  point  will  likely  be  young  people 
starting  families  and  a  few  reactionary  late  adop- 
ters. Fertility  decline  will  continue,  but  at  a 
decelerating  rate  until  it  reaches  a  replacement  or 
near-replacement  level.  ^ 

These  assumptions  are  explk:itly  quantified  in  a 
set  of  tables  that  present  projected  declines  in 
total  fertilitv  rates  over  the  1975-2000  period  as  a 
function  oi  the  1975  estimated  values  for  (1)  the 
total  fertility  rate  and  (2)  the  level  o(  effectiveness 
of  family  planning  programs  withm  a  given  coun- 
try  or  region.  Only  one  set  of  tables  is  used  to 
project  fertility  <leclines  for  aU  regions  and  coun- 
tries for  a  given  scenario;  each  of  the  three  .Global 
2000  Study  scenarios  has  its  own  set  of  tables. 
Only  declines  can  be  projected;  no  events  or 
trends  projected  to  occur  after  1975  affect  the 
fertility  projections,  which  are  solely  a  function  of 
the  two  1975  statistics  noted  above.  The  different 
sets  of  tables  used  to  create  the  different  scenarios 
embody  different  assumptions  regarding  the  pace 
at  which  family  planning  programs  might  be 
adopted  or  strengdiened  and  the  projected  effi- 
ciencies of  the  program.  The  tables  were  devel- 
opM  by  the  CHiicago  staff  on  the  basis  of  statistical 
analyses  ot  selected  countries  and  critical  review 
by  other  dmographers. 

Many  demographers  have  suggested  that  the 
Chicago  fertility  projection  methodology  overem- 
phasizes the  influence  of  family  planning  .^/rograms 
on  fertility  rates,  but  few  have  proposed  alterna- 
tive methodologies  to  account  for  the  influence  of 
these  programs  in  combinatkm  with  other  factors. 
In  fact,  most  demographers,  though  they  argue 
that  the  causality  is  more  complex,  agree  with 
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assumptions  1  and  2  above  regarding  the  wide- 
spread adoption  of  family  planning  programs  by 
the  year  2000  and  the  subsequent  decline  in 
fertility,  though  they  aigue  that  the  causality  is 
more  complex.  For  example,  the  Census  fertility 
pn^ections  were  based  on  the  following  set  of 
assumptions,  which  resembles  the  fertility  as- 
sumptions used  in  preparing  the  U.N.  population 
prelections: 

1.  The  less  developed  countries  wiU  continue  to 
make  moderate  progress  in  social  and  economic 
development  during  the  1975-4000  period. 

2.  Fertility  rates  will  decline  as  LDCs  undergo 
social  and  economic  development.  In  the  long 
mn,  fertility  rates  will  decline  more  or  less  contin- 
uously, though  some  temporary  plateaus  may  be 
encountered. 

3.  Almost  all  countries  that  do  not  already  do 
so  will  make  fieunily  planning  services  available  to 
an  appreciate  portion  of  rhe  populatk>n  during 
the  1975-2000  period,  and  countries  with  family 
planning  programs  now  in  operation  will  extend 

j:overage,  partknilariy  in  rural  areas. 

4.  Knowledge  and  methods  of  limiting  family 
size  wiU  become  better  known  and  will  be  better 
used  among  populations  that  wish  to  reduce 
fertility,  and  expansion  of  these  practices  will 
expedite  the  process  of  fertility  decline.  In  coun- 
tries where  rapid  social  and  economic  progress 
and  strong  desires  for  smaller  £amilies  coincide,- 
fertility  decline  will  be  very  rapid. 

Both  the  Census  and  Chicago  assumptions 
(regarding  projected  fertility  declines)  may  suggest 
to  some  that  these  fertility  declines  will  be  accom- 
panied by  equally  rapid,  concomitant  declines  in 
populatk)n  growth  rates  in  most  countries.  While 
declining  growth  rates  art  projected  for  some 
countries,  it  shouk)  be  noted  that  although  fertility 
rates  decliMKl  in  most  regions  of  the  worid  over 
the  1960-75  perkxJ,  total  world  population  grew  at 
almost  exactly  the  same  rate  during  1970-74  as 
during  196(V-70  (1.9  percent  per  year),  as  shown  in 
Figure  15-1.  It  is  not  surprising,  then,  that  al- 
though the  Study  assumes  declining  fertility  rates 
for  most  countries  over  the  1975-2000  period, 
worid  populatk>n  growth  is  projected  to  continue 
at  a  constant  rate  (1.8  percent  per  year)  over  most 
of  this  period  (1975-95)  in  the  Census  medium- 
growth  prc9ectk>ns.  This  assumes  that  in  Bangla- 
desh, for  example,  fertility  rates  will  decline 
roughly  40  percent  over  the  1975-2000  period;  it 
also  assumes,  in  contrast,  that  fertility  rates  will 
increase  20  percent  In  the  United  States  and  10 
percent  in  Western  Europe  over  the  same  period. 


Both  the  Census  and  Chicago  projections  prem- 
ised their  exogenous  projections  of  declming 
woridwide  fertility  rates  on  a  continuation  of 
recent  trends  of  improvement  in  economic  and 
social  welfare.  Yjct  the  GNP  projectk>ns  for  the 
Global  2000  Study  show  rates  generally  bek>w 
recent  historic  experience.  For  some  very  poor 
countries,  per  capita  GNP  and  per  capita  food 
consumptton  growth  rates  are  in  fact  projected  to 
be  negative  for  the  lattef  period. 

Moreover,  the  fertility  and  mortality  projections 
also  assume  that,  although  moderate  progress  will 
be  made  in  improving  means  of  both  death  and 
birth  control,  no  nuuor  technical  breakthroughs 
will  occur.  This  is  not  consklered  unreasonable  in 
view  of  the  fact  that  breakthrou^s,  the  miyor 
determinant  of  the  decline  in  fertility  and  mortality 
will  be  the  extent  of  difiiiskin  of  existing  technol- 
ogies throughout  the  population,  especially  in 
rural  areas.  A  further  assumptipn  implkit  in  both 
sets  of  populatioit  projections  is  that  the  extent 
and  rate  of  diffusion  of  existing  technologies  will 
be  greatly  influenced' by  the  abilities  of  govern* 
ments  to  diffuse  such  technologies  through  family 
plaiming  and  public  health  programs. 

As  a  result,  although  improvements  in  birth 
control  technology--for  example,  an  oral  contra- 
ceptive with  fewer  side  eflFccts,  a  piU  that  couW 
be  taken  less  frequently,  a  male  piU,  or  reversible 
sterilization— may  occur,  as  well  as  improvements 
in  mortality-reduction  technology,  such  as  simple, 
easily  applied,  effective  means  for  controlling 
gastroenteritis  or  eliminating  schistosomiasis—it  is 
unclear  whether  these  technological  a^dvances  will 
have  an  iinportant  effect  on  fertility  and  mortality 
levels  by  fhe  year  2000.  Accordingly,  they  are  not 
represented  in  the  projections. 

It  has  also  been  implk:itly  assumed  that  there 
violl  be  no  technological  regression  (for  example, 
no  furtner  accumulation  of  evidence  of  harmful 
side  effects  of  birth  control  piUs  or  of  sterilization 
or  no  m^or  loss  of  effective  means  of  controlling 
smallpox).  Technological  breakthroughs  or  regres- 
sions wouM  only  move  fhe  projections  slightly 
closer  to  the  low  or  high  series  considered  likely 
to  form  the  upper  and  lower  population  limits, 
according  to  the  demographers  who  prepared  the 
projections  for  the  year  2000. 

Bask  Components 

In  terms  of  the  requiremencs  of  the  Global  2000 
Study,  the  cohort-component  methodology  pro- 
duces explicit  estimates  of  future  population 
growth  based  on  exogenous  estimates  of  mortal- 
ity, fertility,  and  net  migration  (althoi^  the  pro- 
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jectionp  developed  for  the  Global  2000  project 
assum^  zero  net  migration).  The  Chicago  projec- 
tions arc  based  on  a  more  explicit  fertility  fore- 
casting methodology,  devised  from  exogenous 
csiimatps  of  the  rate  of  implementation  and  likely 
efficacy  of  family  planning  programs.  Neither 
methodology  takes  exploit  account  of  economic 
growth,  ^source  requirements  and  availabilities, 
or  'environmental  impacts.  However,  both 
methodologies  assume  that  recent  trends  rel^tcd 
to  these  factors  will  coptinue  without  m^jor  ad- 
justment 0r  disnipdon. 

Spectfically,  the  cohort-component  methodol- 
ogy used  in  developing  both  sets  of. projections  is 
executcrfvby  a  dynamic  computer-based  model 
perfonning  calculations  on  a  year  by  year  basis. 
Fopulatk>n  ^ojections  are  developed  independ- 
ently for  intilividual  coui^ries  or  regions.  The 
Census  and  Chicago  projections  prepared  for  the 
Global  2000  Study  were  developwl  separately  for 
the  23  counties  and  sabregions  listed  in  Table 
15-1.  The  selection  of  the  countries  and  subreg- 
ions  was  made  by  the  staff  of  the  Global  2000 
Study. 

Thf^  12  LDCi^  for  which  separate  projections 
were  made  repre^nt  about  75  percent  of  the 
current  total  population  of  the  less  developed 
regions.  A  geographic  perspective  on  the  method- 
ology under';  ing  thesexjprojections  is  provided  in 
one  of  the  colored  map3  used  to  illustrate  the 
discussion  in  Chapter  14.  Projections  were  pre- 
pared for  each  of  the  25  years  in  the  1975-2000 
period,  and  are  summarized  in  Chapter  2.  Each 
projection  reports  the- total  poiHilation  by  age  and 
sex.  Age  is  specified  in  terms  6f  5-year  cohorts. 

A  high-growth,  a  medium-groWth,  and  a  low- 
growth  projection  were  developed  for  each  geo- 
graphic entity,  representing  the  hi^st,  the  me- 
dium, and  the  lowest  population  counts  that  could 
reasonably  be  expected  in  future  years,  given 
present  trends  and  knowledge.  Actual  population 
growth  is  expected  to  follow  a  path  c|ose  to  the 
medium  projection. 

The  three  projections  originate  from  single  base- 
year  estimates  of  population  age  stnictuife,  mortal- 
ity, and  fertility,  although  the  Census  anjd  Chicago 
projections  in  many  cases  use  significantly  differ- 
ent estimates  as  well  as  different  b^se  years. 
Generally,  1975  was  used  in  both  sets  of  projec- 
tions, when  reasonably  firm  estimates  of  popula- 
tion size  and  fertility  and  mortality  levels  couki  be 
established  for  that  year.  Otherwise,  an  earlier 
base  year  was  selected.  The  Census  projection's 
treatment  of  the  People's  Republic  of  China  is  the 
most  prominent  example  of  a  case  where  the 
selection  of  an  earlier  base  year  was  of  m^yor 
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TABLE  15-*1 

Regions,  Subrcgloiw,  and  Countries  for  Which 
Pdpuiatlon  Projections  fVere  Developed 


Region 


Subregions  and 
Countries  * 


Africa 


Asia  and  Oceania 


Egypt 
Nigena 

Remainder  of  Africa 

People  s  Republic  of  China 
India 
Indonesia 
Bangladesh 
Pakistan 
Philippines 
Thailand 
South  Korea 
Remainder  of  Asia  and 
Oceania  (excluding 
Australia  and  Nfw 
Zealand) 

Brazil 
Mexico 

Temperate  South  America 
Remainder  of  Latia 
America 

USSR. 

Eastern  Europe  "  mcliiding 
Albania  and  Yugoslavia 

U.S.  and  Canada,  including 
Greenland,  Bermuda.  St. 
Pierre,  «tnd  Miquelon 
Western  Europe  *^ 
Japan 
Australia 

_   New  Zealand 

•  Coumne%  in  rtaJic»  ire  '  more  developed  "  Ai>  othen  arc   k»  developed  " 
Eastern  Europe  incliidci  Bttlgana,  Cieckoihvakta    (ierman  Oemocratn 
Repubiti  Htrngary.  Poland  and  Httmamta 

\  Ckammtl  tstamdi  Drmmark   Faeror  hiamdi  Flm^ 

lami   tcfjand,  tretami,  tslt  of  Mam.  Sornay   SneJen   Um,ud  Kingdom 
Anditrra.  Gilbrahaf   Greece   halv.  Maiia  ForiUKat   San  Martno   Spam  j 
Auurm  Belgium  Frame  Federal  HepttMu  of  Germany  LiechiejuUiA.  Ltu  ^ 
emhtturn,  Monato.  Neiherlandi  tmA  SnUzerland 


Latin  America 


U.S.S.R.  and  Eastern 
Europe 

Northern  America,  Western 
Europe,  Japan,  Australia 
and  New  Zealand 


ipuUi/i^Liu  ' 


significance  in  haping  the  three  Census  pnsy«c- 
tions.  The  most  recent  year  for  which  oHafete^.^/^ 
data  was  available  for  China  was  1953  Henc)^^  fon 
1975,  three  estimates  of  China's  population  have 
been  projected  by  the  Bureau  of  the  Census  from 
the  1953  base  year,  whereas  the  Chicago  projec- 
tions use  the  same  projection  of  Chinese  popula- 
tion growth  from  1953  to  1975. 

The  high,  medium,  and  low  Census  projections 
for  each  country  and  subrcgion  use  the  same 
exogenous  set  of  mortality  projections.  (China  is 
th«  single  exception  to  this  rule,  because  of  the 
great  uncertainty  associated  with  all  Chinese  de- 
mographic data.)  Each  Census  projection  also 
uses  the  same  exogenous  sct^of  migration  projec- 
tions—namely, that  net  migration  after  1975  be- 
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tween  all  countries  will  be  zero.*  Only  the  exoge- 
nous fertilitkprojections  are  varied  to  produce  the 
three  popuHipit  projections  for  each  region  and 
counti^.  '\ 

The  Chicago  projections  were  developed  in 
much  th^'  ^tiime  \vay.  They  also  assume  zero  net 
migration,  fabt  generally  use  different  base*year 
«  estimates  and  different  mortality  and  fertility  pro- 
jections. Porth^  purposes  of  the /Chicago  fertility 
projtecl^ops:  eac^  "country  covw^d  was  further 
idenra^'sisJ^ving  a  strong,  mwerate,  weak,  or 
no  family  planning*  effort,  base^^on  World  Bank 
assessments. 

As  previously  noted,  much  of  the  data  underiy- 
ing  both  prG^et;tions  is  neither  of  good  quality  nor 
very  timely,  Theoretically,  annual  data^n  popu- 
lation gro^vtH  of  natural  increase  can  be  obtained 
from  national  i^ital  registration  systems  or  ongoing 
contiivious. surveys,  but  in  practice  neither  of 
these  two  oata  collection  .systems  is  prevalent  in 
the  LDCs.  Of  52  LtJCs  irt  a  recent  Census  Bureau 
.Study,*  only  eight  currentJy-  have  vital  registration 
systems  for  birth  and^Cf^t^  data  that  are  at  least 
90  percent  complete.  With  the  exception  of  Sri 
*L^iika.  ail  of  these  countries  ar^  in  l^tin  America 
^  (Chile,  Costa  Rica,  GQatekiial3,  Guyana  Jamaica, 
)^anafl\a,  and  Uniguay).^^An  additional  five  coun- 
trie^Egypt,  Tuni^,  El  iSalv£^or,  Nicaragua,  and 
the  E^st  Banl^  of  Jordan)  have  registration  of 
births  (Jstxt  not  deaths)  with  air  estimated  com- 
pleteness of  as  least  90  percent.  Six  countries 
have  ongoijig  contiqupus. surveys.,  of  which  three 
(Lesotho,  Indii,>(td.Brazil)3r^  currently  collect- 
ing data  tha^'lnay  be  used  to  estimate  growth  rates 
or  rates  of  neural  increase  on  an  annual  basis. 

In  the  absence  of  reliable  data  from  vital 
registration  systems  and  continuous  surveys, 
countries  must  rely  on  censuses  and  ad  hoc 
^  suney^  for  estimating  levels  and  trends  in  popu- 
lation growth.  By  using  the  censuses  <^''.iducted 
during  the  1956-76  period  ihtercensal  growth 
rates  can  be  derived  for  35  of  the  52  countries 
reviewed.  Egypt,  Tunisia,  the  Republic  of  South 
Korea,  and  the  Philippines  each  conducted  more 
than  two  censuses  during  this  period;  therefore  at 
least  two  intercensal  growth  rates  can  be  com- 
puted for  each  of  these  countries. 

Most  of  the  countries  reviewed  have  conducted 
at  least  one  census  or  survey  that  collected  data 
on  both  births  and  deaths;  therefore  they  have 
^estimates  of  population  growth  for  at  least  one 


*For  thre^  countnes  tn  the  Census  projections  (Mexico,  the 
Philippines,  and  South  Korea),  migration  through  1975  was 
projected  in  developing  1975  base  year  estimates  utilizing 
eu'lier  demographic  data 


point  in  time.  Only  four  countries  have  conducted 
two  or  more  ^uch  censuses,  and  10  have  con- 
ducted two  or  more  surveys  that  collected  such 
data.  Thus,  it  is  possible  to  obtain  estimates  of 
the  trend  in  population  growth  for  only  a  few  of 
the  52  countries.  Trends  in  the  fertility  component 
can  be  estimated  for  an  additional  18  countries 
that  collected  data  on  births  from  two  censuses, 
and  for  15  countries  that  collected  d^  on  births 
from  two  or  .nore  surveys.  None  of  these,  data 
collections,  however,  provides  annual  estimates  of 
the  level  or  trend  in  population  growth  or  the 
components  oi  change. 

Existing  vital  registration  systems  afford  the 
greatest  potential  for  supplying  regular  and  timely 
estimates  of  change;  however,  the  time  lag  be- 
tween collection  and  availability  of  data  is  often 
several  years  (for  census  data  it  is  sometimes  as 
great  as  six  years,  for  survey  data,  generally  only 
one  to  two  years).  While  censuses  and  surveys 
may  be  taken  at  regular  intervals,  they  cannot 
provide  annual  estimates  of  population  growth. 
With  the  exception  of  those  few  countries  which 
have  reliable  vital  registration  data,  demographers 
are  only  now  recfeiving  enough  information  to 
measure  population  changes  that  occurred  in  the 
late  l%Os  and  eariy  1970s. 

Basic  Procedures 

Endogenous  Population  Size  Projections 

The  following  steps  are  followed  by  the  Census 
Bureau's  cohort-component  program  in  develop- 
ing population  projections  for  a  given  country  or 
region: 

1.  Begin  by  reading  in  the  exogenous  base-year 
estimates  of  the  number  of  males  and  females  in 
each  5'year  cohort  of  the  population  \{or  example, 
the  number  of  males  aged  20-24). 

2.  Disaggregate  these  base  year  estimates  so 
that  they  are  specified  in  terms  of  each  single-year 
cohort  of  the  population  (for  example,  the  number 
of  males  aged  20).  This  disaggregation  is  accom- 
plished using  an  interpolation  function  that  gener- 
ates a  smooth  convex  curve  relating  decreasing 
cohort  size  to  increasing  cohort  age. 

3.  Then  read  in  the  exogenous  mortality,  fertil- 
ity, and  net  migration,  and  fertility  statistics  esti- 
mated to  be  applicable  to  the  base-year  population 
during  the  base  year.  Mortality  and  net  migration 
statistics  are  specified  for  each  5-year  cohort  of 
males  and  females,  while  fertility^  statistics  are 
specified  for  each  5-year  cohort  of  fertile  females 
(for  example,  births  per  thousand  females  aged 
15^19). 
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4.  Disaggregate  these  mortality  and  net  migra- 
tion statistics  so  that  they  are  specified  in  ter  ns  of 
each  singlc  year  cohort  of  the  ^pulation.  The 
mortality  statistics  are  disaggregated  using  an 
'interpolation  function  that  generates  a  smooth 
convex  curve  relating  decreasing  survival  ratios  to 
increasing  cohort  age.  The  net  migration  statistics 
are  disaggregated  using  an  interpolation  function 
that  generates  a  skewed  normal  pattern  with 
increasing  cohort  age.  reflecting  the  assumption 
that  most  migration  occurs  in  the  working-age 
cohorts.  The  fertility  statistics  do  not  need  to  be 
disaggregated  as  annual  births  can  be  estimated 
by  simply  applying  the  annual  average  fertility 
rate  for  a  5'year  cohort  to  the  number  in  the 
cohort. 

5.  Read  in  the  mortality,  fertility,  and  net 
migration  statistics  projected  as  applicable  to  a 
somewhat  changed  population  during  a  future 
year.  As  before,  mortality  and  net  migration 
statistics  are  specified  for  each  5-year  cohort  of 
males  and  females,  while  fertility  statistics  are 
specified  for  each  5-year  cohort  of  females  in  the 
fertile  ages. 

6.  Disaggregate  the  new  mortality,  fertility,  and 
net  migration  statistics  so  that  they  are  sp  *^ed 
in  terms  of  each  single-year  cohort  of  the  f  d- 
tion  using  the  same  disaggregation  proceuures 
described  in  step  4. 

7.  Calculate  mortality  statistics  for  the  interven- 
ing years,  using  simple  linear  extrapolation. 

8.  Calculate  net  migration  statistics  for  the 
intervening  years,  using  simple  linear  extrapola- 
tion. 

9.  Calculate  fertility  statistics  for  the  intervening 
ye^irs,  using  simple  linear  extrapolation. 

10.  Calculate  successively,  for  each  year  for 
which  mortality,  fertility,  and  net  migration  statis- 
tics have  been  projected,  the  number  of  males  and 
females  in  each  single-year  cohort  of  the  popula- 
tion, according  to  the  following  .sequence: 

id)  add  in  half  the  year's  net  migration,  which 
may  be  positive  or  negative;  ih)  survive  the 
population  forward  a  year  according  tov  pro- 
jected survival  ratios;  U  )  add.  in  the  other  half 
of  the  year's  net  migration;  {d)  determine  the 
number  of  new  births  by  taking  the  projected 
number  of  females  in  each  fertile  cohort  during 
the  year,  averaging  the  number  before  and  after 
the  migration  and  survival  calculations  are 
made,  and  multiplying  by  the  appropriate  fertil- 
ity rate;  ie)  determine  the  number  of  surviving 
newborn  infants  at  the  end  of  the  year,  using 
the  relevant  projected  survival  ratio. 


II  Use  as  the  new  base-year  estimate  the 
number  of  males  and  females  in  each  single-year 
cohort  of  the  population,  as  most  recently  pro- 
jected, and  repeat  steps  5  throu^;.  11  until  popu- 
lation figures  have  been  calculated  for  all  the 
years  for  which  a  projection  is  desired. 

A  similar  sequence  of  steps  is  followed  by  the 
Chicago  cohort-component  program. 

Population  Sixe:  Egyptian  Example 

In  much  of  the  rest  of  this  c  hapter,  Egypt  has 
been  used  as  an  example  to  delineate  similarities 
and  differencs  between  the  Census  and  Chicago 
uses  oj  the  cohort-component  methodology.  Dif- 
ferences in  these  examples  point  up,  among  other 
things,  the  extent  to  which  projecting  population 
statistics  is  an  art  rather  than  an  exact  science. 

Growth  in  the  size  of  the  Egyptian  population 
as  projected  by  the  Census  use  of  the  cohort- 
component  methodology  is  presented  in  Figure 
\5h-2.  As  can  be  seen,  Egyptian  population  grew 
at  an  average  annual  rate  of  2.4  percent  during  the 
1950-75  ^^riod  and  is  projected  to  grow  at  almost 
the  same  rate  (2.3  i  0.4  percent),  during  the 
1975-2000  period. 

The  same  example  from  the  Chicago  projections 
(Fig.  15-3)  shows  a  significantly  lower  annual 
growth  rate  for  Egypt  during  the  1975-2000  period 
(1.8  i  0.1  percent)  than  either  past  experience  or 
the  Census  projections  indicate.  Both  the  Census 
and  Chicago  projections  estimate  that  in  the  year 
2000,  Egyptian  population  will  constitute  1.0  per- 
cent of  work!  population. 

The  projections  diflfer  because  they  are  derived 
from  different  base-year  estimates  of  Egyptian 
population  size  in  1975  and  make  use  of  diflferent 
exogenous  projections  of  mortality  and' fertility 
rates.  TheX^ensus  1915  population  size  estimate  is 
lower  than  the  Chkago  estimate  and  the  Census 
mortality  rate  projections  are  lower,  but  the  Cen- 
sus fertility  rate  projections  are  higher,  producing 
generally  higher  population  size  projections  for 
Egypt  in  the  year2000.  Both  projections  assume 
that  no  net  migration  will  occur,  no  new  technol- 
ogies related  to  fertility  or  mortality  rates  will  be 
developed,  and  recent  trends  in  economic  growth 
and  modernization  will  continue. 

The  difference  between  the  two  estimates  of 
Egyptian  population  size  on  July  1,  1975,  arises 
because  the  Chicago  projections  are  based  on 
WorkJ  Bank  estimates  of  the  1975  population.  In 
contrast,  the  Census  projections  are  based  on  the 
preliminary  count  of  the  November  1976  Egyptian 
census  (adjusted  backward  to  July  1,  1975,  based 
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Figure  I5>2.  F.gyptian  population  growth,  1950  2000,  Census  projections  Figures  for  1950-  75  tre  from  World  Population 
1975  Recent  demographic  Esttmates  for  the  Countries  and  Regions  of  the  World,  Bureau  of  the  Census,  1976  Estimates  were 
updated  for  the  Global  2000  Study,  resulting  in  a  discontinuity  at  1975  in  the  1950-75  population  time  series  A  revised, 
consistent  1950  75  time  series  is  being  prepared  in  conjunction  with  the  Bureau's  World  Population:  1977,  to  be  published  in 
1978 


on  registered  births  and  deaths,  with  births  ad- 
justed for  2  percent  underregistratipn  and  deaths 
adjusted  for  4  percent  underregir>*ration).  Since 
only  a  preliminary  census  total  was  available,  the 
census  was  not  adjusted  for  coverage  error.  Be- 
cause no  age  distribution  from  the  1975  census 
was  available,  the  age  distribution  for  1975  from 
the  U.N.  medium  variant  projections  was  also 
accepted  as  the  base-year  age  distribution  for  the 
Bureau  of  Census  projections  as  well  as  for  the 
Chicago  projections. 


Exogenous  Mortality  Rates 

Both  the  Census  and  Chicago  projections  make 
use  of  the  same  two-step  procedure  in  developing 
exogenous  projections  of  mortality.  First,  t^^t 
life  expectancies  at  birth  are  projected  at  5-year 
intervals  over  the  period  for  which  the  forecast  is 
to  be  made.  Then*  these  figures  are  translated  into 
survival  ratios  over  the  5-year  period  for  each  5- 
year  cohort  of  the  population  (for  example,  males 
aged  20-24). 
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Flrire  15-3.  Egyptiin  popuiation  growth.  1950-JOOO,  Chicago  projections 
Figures  for  1950-70  are  from  ^orid  Bank  Atlas.  1976 


Target  life  expectancies  at  birth  for  each  coun- 
try arc  developed  in  one  of  two  ways.  For  some 
countries,  a  target  life  expectancy  at  birth  is 
chosen  for  the  year  2000,  with  life  expectancies 
for  the  intervening  years  obtained  by  assuming  a 
reasonable  pattern  of  change  in  mortality.  For 
other  countries,  the  pattern  and  degree  of  change 
in  mortality  from  year  to  year  is  projected,  with 
the  eventual  life  expectancy  in  the  year  2000 
falling  out  of  this  process. 

The  choice  of  method  depends  on  the  nature  of 
available  data  and  the  judpnent  of  the  demogra- 


pher. For  example,  where  trends  in  mortality 
change  can  be  detected,  they  are  judgmentally 
extrapolated.  Where  projections  of  life  expectancy 
in  the  year  2000  are  made  by  the  country  con- 
cerned and  judged  reliable,  those  projections  are 
used.  In  fact,  consideration  is  always  given  to 
national  projections  and  those  made  by  interna- 
tional organizations  and  to  analyses  of  mortality 
trends  tha^  have  occurred  in  similar  countries  in 
the  same  region  that  have  already  experienced 
that  portion  of  the  mortality  ti-ansition  relevant  to 
the  countries  under  consideration. 
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The  (^bicago  mortality  projections  are  derived 
in  part  from  U.N.  studies  of  trends  in  mortality 
decline  and  projections  of  future  declines  in  mor- 
tality, assuming  that  national  and  international 
efforts  to  provide  health  and  medical  care  to  the 
population  continue.  They  are  also  derived  from 
World  Bank  adjustments  to  the  U.N.  projections, 
which  are  based  on  the  observation  that  in  recent 
years  declines  in  mortality  have  not  been  as  great 
as  those  anticipated  by  the  United  Nations  in 
certain  countries,  especially  LDCs.  In  most  cases, 
these  revisions  have  been  reviewed  by  the  United 
Nations,  and  future  U.N.  projections  are  expected 
to  reflect  the  slower  progress  in  mortality  reduc- 
tion encountered  in  recent  years.  In  developing  its 
projections,  Chicago  accepted  the  World  Bank 
adjustments  of  U.N.  mortality  projections  without 
further  change.  The  Census  Bureau,  in  developing 
,  its  projections,  used  the  World  Bank  adjustments 
as  points  of  departure  for  further  adjustments  or 
as  points  of  reference  for  independently  developed 
projections. 

Mortality  Rates:  Egyptian  Example 

In  the  case  of  Egypt,  for  example,  the  Census 
and  Chicago  projections  are  based  on  slightly 
different  exogenous  estimates  of  life  expectancies 
.  at  birth  in  1975  and  on  slightly  different  exogenous 
estimates  of  increase  in  life  expectancies  at  birth 
to  the  year  2000.  These  differences  are  based  on 
the  different  professional  judgments  of  demogra- 
phers at  the  Bureau  of  the  Census  and  at  the 
World  Bank  (the  Bank's  mortality  projections  are 
used  by  Chicago).  These  exogenous  projections 
are  considered-  by  their  authors  to  be  roughly 
consistent  with  the  comparable  past  experience  of 
other  representative  LDCs  that  have  moved 
through  levels  of  economic  and  social  develop- 
ment that  the  Census  and  Chicago  projections 
assume  \^ill  be  applicable  to  Egypt  in  the  future 
(in  contrast  to  the  lower  economic  growth  projec- 
tions presented  in  Chaptei^  2). 

Ill  general,  projections  of  future  life  expectan- 
cies at  birth  are  judgmental  and  are  often  extrap- 
olated directly  on  graph  paper  by  a  hand-drawn 
curve  or  line,  as  shown  in  Figure  15-4,  based  on 
the  results  of  the  analysis  previously  discussed. 
They  are  not  based  on  any  explicitly  defined 
quantitative  relationships  involving  factors  other 
than  life  expectancies  or  increases  in  life  expect- 
ancy. It  should  be  noted,  incidentally,  that  when 
life  expectancies  at  birth  are  projected  for  subse- 
qi«ent  use  by  the  cohort-component  methodology, 
they  are  projected  separately  for  males  and  fe- 
males and  are  not  averiiged  for  summary  presen- 
tation as  they  af^  in  Figure  15-4. 
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Usually,  life  expectancies  at  birth  are  projected 
to  rise  more  or  less  continuously,  and  related 
crude  death  rates  are  similarly  projected  to  decline 
more  or  less  continuously.  Thus,  although  Egyp- 
tian crude  death  rates  appeared  to  reach  a  plateau 
in  the  early  1970s,  as  shown  in  Table  15-2,  future 
plateaus  of  this  sort  are  not  generally  anticipated 
in  either  set  of  projections  for  any  country  or. 
region. 

Once  target  life  expectancies  for  males  and 
females  at  birth  are  projected  for  a  given  region  o** 
country,  they  are  translated  into  survival  ratios 
for  5-year  male  and  female  cohorts  of  all  ages 
using  four  sets  of  Coale-Demeny  regional  model 
life  tables^  labeled  West,  East,  North,  and  South. 
Each  set  contains  24  tables,  calculated  for  males 
and  females  separately,  with  equal  spacing  of  the 
values  of  life  expectancy  at  birth  for  females, 
ranging  from  20  years  (level  1)  to  77.5  years  (level 
24).  The  mortality  levels  in  the  male  tables  differ 
from  those,  in  the  female  tables  with  which  they 
are  paired,  reflecting  the  typical  relationship  be- 
tween male  and  female  mortality  in  particular 
populations. 

These  tables  are  used  to  translate  life  expectan- 
cies at  birth  to  survival  ratios  for  the  variously 
aged  cohorts.  Although  in  some  cases  the  Census 
Bureau  used  these  survival  ratios  without  altera- 
tion, for  most  of  the  individual  projections  pre- 
pared for  the  Global  2000  Study,  the  pattern  of 
change  in  survival  ratios  (as  life  expectancy  ^ 
changes)  implied  by  the  Coale-Demeny  tables  is 
used  to  adjust  the  empirical  life  tables  available 
for  .the  base  date.  The  East  tables  are  based 
mainly  on  Central  European  experience,  whereas  - 
the  North  and  South  tables  were  derived  from  lif^ 
tables  of  Scandinavian  and  South  European  coun- 
tries, respectively.  The  West  tables,  on  the  other 
hand,  are  representative  of  a  broad  residual  group, 
including  Canada,  the  United  States,  Australia, 
New  Zealand,  South  Africa,  Israel,  Japan,  and 

T  \BLE  15-2 

Egyptian  Crude  Death  Rates,  1950-75 

Death  Rate 

per 
Thousand 

1950-54  21.6 

1955-59  19  9 

1960-64  18.0 

l%5-^9  15.8 

1970-74                   ,  13  7 

1972  13  2 

1973  13  8 

1974  13  0 

1975  12  2 
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Rgwt  I  4.  Projected  Egyptian  life  cxpccunciea,  I950-2( 
Vj.jaor|»,  Population  Analysis  of  Egypt,  1950-70  (with 
Oc*a:iontl  Paper  No.  I,  Cairo,  1972,  Tables  18-21. 

Taiwai  .  i  well  as  a  number  of  countries  from 
WesUifi  Europe. 

The  differences  in  the  age  and  sex  patterns  of 
m.^i1alily  in  the  iour  regional  models  are  slight  in 
so.^ie  respects,  pronounced  in  others,  and  vary  in 
char..clef  with  levels  of  mortality.  Thus,  no  simple 
n»>cs  can  summarize  the  extent  to  which  the  use 
c  one  set  instead  of  another  will  affect  the 
outcome  in  any  particular  application. 

Thus,  in  the  case  of  Egypt,  the  Census  and 
Chicago  projections  are  based  on  slightly  different 
disaggregations  of  slightly  different  life  expectan- 
cies at  birth.  The  Census  projections  are  disaggre- 
gations developed  from  the  North  model  life 
tables  (comesponding  to  Scandinavian  experience 


K  medium  growth  case.  Figures  for  1950-65  arc  from  V.  G 
xial  Reference  to  MortaHty).  Cairo  Demographic  Centre 

of  the  early  and  mid-20th  century),  whereas  the 
Chicago  projections  developed  from  the  South 
tables  (corresponding  to  South  European  experi- 
'^nce  of  the  early  and  mid-20th  century).  Infant 
mortality  levels  are  higher  in  the  South  than  in  the 
North  tables.  These  differences,  based  on  the 
differing  pfrfessional  judgments  of  demographers 
at  the  Bureau  of  the  Census  and  the  World  Bank, 
are  suQimarized  in  Table  15-3. 


Exogenous  Fertility  Rates:  Census 

As  already  noted,  the  Census  and  Chicago 
projections  are  based  on  exogenous  fertility  pro- 
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TABLE  15-3 
Aite-Spccifk  Egyptian  Mortality  Estimates,  1975 

iProhahtUtx  of  surxtval  hefween  5-vear  cohorts^ 


Males  Females 

5- Year  Cohorts  

Census    Chicaso    Census  Chicago 


(M  tu  5-9 

95i30 

.92858 

.9-^729 

.93971 

5-9  to  10- U 

.97991 

.98542 

.98968 

.98601 

10-14  to  15-19 

98338 

.98751 

.98999 

98720 

15-19  to  20-24 

97709 

98119 

.98509 

,98270 

20-24  to  1C29 

97242 

97729 

.98207 

,97937 

25-29  to  30-34 

97ur. 

.97588 

98110 

.97751 

30-34  to  35-39 

96797 

97278 

97922 

.97554 

35-39  to  40-44 

%255 

96700 

.97558 

.97252 

40-44  to  45-49 

95437 

95770 

.96955 

,9683! 

45-49  to  50^54 

94122 

t»4345 

.95843 

95955 

50-54  to  55-59 

92240 

.92133 

.94288 

.94390 

55-59  to  60-64 

.89358 

.88682 

.91865 

.91506 

60^  XotS^o 

84662 

83434 

87763 

.86544 

65-69  10  70-74 

77613 

75287 

81600 

78531 

70-74  *o  75-79 

.67664 

63614 

72546 

.66586 

T^«;^eafter 

.42108 

42065 

46330 

.44643 

jections  developed  very  differently.  However,  as 
in  the  case  o^  mortality  projections,  both  make 
use  ctf  a  two-step  procedure  in  develq[>ing  exoge- 
nous projections  of  fertility.  First,  total  fertility 
rates  are  projected  over  the  period  for  which  the 
forecast  is  to  be  made  (at  5-year  internals  in  the 
case  of  the  Census  projections  and  yearly  in  the 
case  of  the  Chicago  projections).  These  total 
fertility  ra^es  are  then  dis^gregated  into  age- 
specific  fertility  rates  for  each  5-year  cohort  of 
famales  in  the  fertile  ages  (for  example,  females 
aged  15-19). 

In  the  case  of  the  Census  projections,  no 
mathematical  model  of  fertility  change  was  used 
in  developing  the  total  fertility  rate  projections. 
Instead,  the  projections  were  made  on  a  judgmen- 
tal basis  by  demographers  who  have  worked  with 
the  demographic  and  related  socioeconomic  data 
for  the  individual  countries  for  a  number  of  years^ 
For  the  less  developed  countries  for  which  indi- 
vklual  projections  were  made,  the  demographer 
set  the  target  fertilitv  levels  and  paths  of  fertility 
decline  by  taking  into  consideration  the  following 
m^or  factors: 

•  Current  levels  and  recent  trends  in  fertility; 

•  Recent  fertility  trends  in  countries  with  similar 
cultural,  social,  and  economic  conditions  and 
prospects; 

•  Current  levels  and  recent  trends,  in  socioeco- 
nomic development; 

•  Current  status  and  past  performance  of  family 
planning  and  public  health  programs; 

•  Government  policy  on  population  matters; 


•  Expressed  desired  family  size  in  the  population; 
and 

-  Fertility  assumptions  made  bv  international 
agencies  such  as  the  U.N.  and  the  Work!  Bank. 

In  determining  the  assumed  range  of 
fertility  rate  levels  in  the  year  2900,  the  gukleline 
followed  was:  the  higher  the  level  of  fertility  at 
the  base  date  and  the  greater  the  uncertainty 
about  current  fertility  levels  and  trends,  the  wkler 
the  range. 

Three  assumptions  about  future  trends  in  total 
fertility  rates  were  made  for  eacK  country  or 
subregk>n,  generally  by  setting  the'  most  likely 
rate,  iii  the  judgment  of  the  Bureau  of  the  Census, 
for  the  year  2000.  This  served  as  the  assumed 
total  fertility  rate  level  for  the  Census  Bureau  s 
medium  series.  Assumed  levels  and  tr^ectories 
for  the  year  2000  were  also  selected  for  the  high 
and  low  series. 

Virtually  every  industrialized  countiy  has  r^ade 
its  own  ofHcia!  .lational  projections,  and  the 
assumptions  in  tnese  projections  were  used  with, 
in  some  instances,  sL*3ht  modification.  The  popu- 
lations of  Eastern  and  Western  Europe  were 
projected  on  the  basis  of  the  1975  populations  as 
shown  In  the  U.N.  medium  series,  adjusted 
slightly  by  the  U.S.  Bureau  of  the  Census  to  take 
into  account  later  fertility  data.  Trends  in  total 
fertility  (as  well  as  mortality)  rales  foa  1975  to 
2000  were  borrowed  from  the  U.N,  projections, 
which  were  based  on  national  projections  made 
by  the  indivklual  countries. 

After  the  Census  analysts  developed  their  as- 
sumptions on  fertility  levels  and  paths,  the  as- 
sumptions for  all  countries  and  regions  were 
compared  for  general  consistency  and  reviewed 
within  the  Bureau.  Next,  the  individual  country 
and  regk)nal  base  data  and  fertility  assumptions 
were  (liscussed  with  a  group  of  demographers 
familiar  with  less  developed  countries,  drawn  from 
universities,  federal  agencies,  an  international 
agency,  and  a  research  institute.  Appropriate 
adjustments  were  then  made  by  the  Bureau. 

In  general,  therefore.  Census  projections  of 
future  total  fertility  rates  are  judgmental — as  are 
Onsus  and  Chicago  mortality  projections — and 
are  also  often  extrapolated  directly  onto  graph 
paper  in  hand-drawn  curves,  based  on  the  results 
of  the  analysis  previously  discussed. 


Exogenous  FertfUty  Rates:  Chfcago 

In  contrast,  the  Chicago  piojections  of  total 
fertility  rates  are  based  on  an  explicit  quantitative 
methodology,  whose  underlying  philosophy  has 
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tlrwrfy  been  described.  It  is  based  primarily  on 
TaWc  15-4,  which  relates  declines  in  crude  birth 
noes  ci  a  region  or  country  tc  Us  current  birth 
rate  and  the  strength  of  its  current  ^anuly  planning 
programs.  The  extreme  right-hand  TNone")  col- 
umn  of  the  table  gives  the  estimated  annual 
decline  m  the  cnide  birth  rate  expected  on  the 
basis  of  modernization  alone,  with  no  special 
efforts  at  providing  fomily  planning  information 
and  services.  The  anticipioed  downwaid  Uvnd  is 
almost  linear,  with  a  one-point  decline  in  the 
crude  birth  rate  every  four  or  five  years  (shown  in 
the  table  as  a  decline  (rf  .20  or  .25  per  year). 
,Under  this  set  of  conditions,  it  would  require 
about  135  years  for  a  population  to  make  the 
demogrMuc  transition  firom  a  crude  birth  rate  of 
45  to  the  replacement  level  of  about  15  per 
thousand,  which  is  applicable  to  many  nations. 

The  "Strong"  column  of  Table  15-4  gives  the 
annual  decline  in  the  crude  birth  rate  that  may  be 
expected  in  the  presence  of  a  strong,  sustained, 
weO-financed,  welk>iianized,  and  well-adminis- 
tered family  planning  prognun  reaching  the  entire 
lutan  and  rural  population.  Under  these  condi- 
tions, it  is  estimated  that  the  annual  rates  of 
decline  are  two  to  four  times  those  that  would 
occur  in  the  absence  of  a  program-^m  accelera- 
tion able  to  bring  about  a  complete  demo^^phic 
transition  from  a  crude  birth  rate  of  45  to  one  uf 
15  in  about  38  years,  or  about  one-fourth  the  time 
required  in  the  absence  of  a  family  planning 
progmm. 

The  table  was  based  in  part  on  two  regression 
equations  developed  to  measure  a  nation's  fertility 
change  as  affected  by  its  current  fertility  level  and 
family  planning  program  status.  The  first  equation 
deteimined  the  total  fertility  rate  (TFR)  of  a  region 
or  country  in  1975  (TFR^^  as  a  function  of  its 
TFR  in  1968  (TFR^,  its  crude  birth  rate  in  1975 
(CBR),  the  strength  of  its  family  planninK  program 

TABLE  15-4 

AMumcd  Annual  Declines  in  Crude  Birth  Rate,'* 
Chicago  Projections 


Crude  Birth 
Rate 

Strength  of  Family  Planning  Effort 

Strong 

Moderate 

W^ak 

None 

45  and  over 

.40 

.333 

.25 

.20 

40-44 

.60 

.50 

.30 

.20 

35-39 

SO 

.667 

.40 

.25 

30-34 

1  00 

.75 

50 

.25 

25-29 

1.00 

.667 

40 

.25 

20-24 

,20 

,50 

.30 

.20 

15-19 

60 

.333 

.25 

.20 

13-14 

.40 

.25 

.15 

.15 

in  1975  (FP),  and  its  per  capita  GNP  in  1975,  as 
follows: 

TFR„«  1741.235    0.559  (TFR«) 
119.274  (CBR  a540)* 

301.053(30  sCBR  s39) 
-  587,635  (strong  FP)*  -  86.437  (median  FP) 
0.028  (per  capiU  GNP). 

In  order  to  compare  empirically  the  annual 
crude  birth  rate  change  observed  with  what  was 
projected,  an  equation  to  convert  TFR  decline 
into  CBR  decline  was  used:^ 

CBR  =  0,007  (TFR)  +  .2453 

The  results  indicated  that  tt)e  amounts  of  de- 
cline initially  projected  (appn)ximately  twice  the 
rates  of  decline  uacd  in  the  final  prcgections  and 
presented  in  Table  15-4)  were  too  optimistic. 
About  one-half  the  pngected  d^line  was  observed 
in  the  data  and  because  additional  uncertainty  was 
implicit  in  the  estimating  procedures,  simple 
rounded  values,  about  twice  the  originally  esti- 
mated values,  were  inserted  in  the  original  version 
of  Table  15-4. 

Because  TFR  is  the  unit  of  measure  usually 
employed  in  the  population  projection  procedure, 
and  in  order  to  c^scape  several  methodological 
difficulties  pertaining  to  age  composition,  sex 
ratios,  and  interaction  between  fertility  and  mor- 
tality, this  table  was  then  translated  into  another 
table,  which  related  declines  in  total  fertility  rates 
in  a  region  or  country  to  its  'current  total  fertility 
rate  and  the  strength  of  its  current  femily  planning 
program.  The  following  slightly  different  regres- 
sion relationship  was  used,  based  on  estimating 
total  fertility  rates  as  a  function  of  crude  birth- 
rates:* 

TFR  =  137.94  (CBR)  +  106. 16t 

This  basic  TFR  table  was  then  transcribed  into 
sets  of  tables  to  facilitate  the  projection  of  a  region 
or  country's  total  fertility  rates,  based  solely  on 
its  total  fertility  rate  and  the  strength  of  its  family 
planning  program  in  1975  (each  country  was 
classified  as  Strong,  Moderate,  Weak,  or  None, 
according  to  the  level  of  its  family  planning  effort). 
Three  sets  of  tables  were  developed  for  high, 
medium,  and  low  fertility  projections.  (The  me- 
dium growth  set  of  tables  is  presented  in  Table 
15-5.)  The  three  sets  of  tables  were  based  on  the 
following  assumptions: 


•  Used  NMMrectty  tn  ali  three  growth  caies  at  explained  tn  the  itM 


*ThC8e  variables  assume  a  value  of  1  if  th;!  condition  within 
the  parentheses  is  applicable,  0  if  it  is  not. 
tAccording  to  Chicago  demographers,  a  transposition  of 
the  earlier  equation  expressing  CBR  as  a  function  of  TFR 
cannot  be  used  here,  gjvem  the  separate  error  terms. 
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TASLE  15-5 

Prqiccteci  Annual  Declines  in  Total  FcrtllHy  Rates,  Chicago  Prelections,  Medium  Growth  Case 


Family 
Planning 
Program 

in  1975 


Total 
Fertility 

Rale 
in  1975 


1976-«0 


1981^5 


1986-90 


1991-95 


19^2000 


Strong 

>  6245 
5556-6244 
4866-5555 

55.18 
82.76 
110.35 

4176-4865 

137  94 

Same  as  1976-80 

3487-4175 

137.94 

2797-3486 

1 10.35 

2107-2796 

82.76 

1899-2106 

55  18 

Moderate 

2^6245 

45.52 

48.28 

55.18 

55.18 

555^244 

68  97 

73.11 

82.76 

82.76 

4866-5555 

92.42 

97.94 

1 10.35 

110.35 

4176-4865 

lu3.4o 

1 14. •IV 

MS  S% 

137.94 

137.94 

3487-4175 

92.42 

107.59 

177  77 

137.94 

n7  04 

2797-3486 

68.97 

82.76 

%.56 

1 10.35 

2107-27% 

45.52 

57.93 

70.35 

82:76 

82.76 

1899^2106 

34.49 

41.38 

48.28 

55,18 

18 

Weak 

2  6245 

34.49 

38.62 

42.76 

45.52 

51.04 

5556-624^ 

41.38 

49.66 

59.31 

68.97 

75.87 

*fOW^J  J  J  J 

55.18 

67.59 

80.00 

92.42 

100.70 

4176-4865 

68.97 

80.00 

91.04 

103.46 

120.00 

3487-4175 

55  18 

67.59 

80.00 

92.42 

114.49 

2797-3486 

41.38 

49.66 

59.31 

68.97 

89.66 

2107-27% 

34.49 

38.62 

42.76 

45.52 

64.83 

» 

1899-20;6 

20  69 

24.83 

28.97 

34.49 

44.14 

None 

2^  6245 

27.59 

31.73 

34.49 

45.52 

51.04 

5556-6244 

27  59 

3449 

41.38 

68.97 

75.87 

4866-555^ 

34,49 

45.52 

51.18 

92.42- 

102.08 

4176-4865 

34.49 

52.42 

68.97 

103.46 

120.01 

3487-4175 

34.4^^ 

45.52 

55.18 

92.42 

114.49 

2797-3486 

27.59 

34  49 

41.38  7 

68.97 

89.66 

2107-?796 

27.59 

31.73 

34.49 

45.52 

78.63 

1899^2016 

20.69 

20.69 

20.69 

34.49 

44.14 

High  fertility  projections  assumed  that  each 
country  would  follow  the  schedule  of  changes 
indicated  for  its  status  by  Table  15-4. 

Medium  fertility  projections  Jtdeemt  J  most 
likely  to  take  place)  assumed  that,  in  addition  to 
the  schedule  of  fertility  decUnes  ^J>  >wn  in  T&bie 
13-4,  the  nations  wouW  strtngther  ih.u  family 
planning  programs  as  follows: 

•  Nations  with  no  programs  will  remcin  'ii  that 
status  until  1980,  then  trend  toward  a  weak 
program  by  1965,  a  moderate  one  by  1990,  and 
a  strong  program  by  2000. 

•  Nations  with  weak  programs  iviil  remain  in  .^u 
status  until  I960,  then  trend  towai  i  a  moderate 
program  by  1990,  and  a  strong  one  by  2000. 

•  Nations  with  moderate  programs  will  trend 
toward  a  strong  piogran  by  1990  and  remain  in 
that  status  until  2000. 

•  Nations  with  strong  programs  will  remain  in 
that  status  through  2000. 


Low  fertility  projections  (deemed  less  likely  but 
possible)  assumed  that  strengthening  of  family 
planning  programs  would  take  place  as  follows: 

•  Nations  with  no  present  programs  will  trend 
toward  a  weak  program  by  1965,  a  moderate 
one  by  1990,  a  strong  program  by  1995. 

•  Nations  with  weak  programs  will  trend  toward 
a  moderate  program  by  1985,  toward  a  strong 
one  by  1995,  and  will  remain  in  that  status  untO 
2000. 

•  Nations  with  moderate  programs  will  trend 
toward  a  trong  program  by  1980  and  will 
remain  in  that  status  until  2000. 

•  Nations  with  strong  programs  will  remain  in 
that  status  throush  2000,  but  the  efficacy  of 
their  programs  will  improve  firom  the  present 
36^year  transitk>n  time  to  half  that  anunint  (19 
years),  equivalent  to  doubling  the  qoeffkients  in 
Table  15-4,  for  the  strong  program. 


ERLC 


615 


318 


THE  GOVERNMENT  S  GLOBAL  MODEL 


If  carried  oui  without  special  adjustments,  some 
of  these  assumptions  (especially  those  used  for 
the  low  projections)  would  prot"  :;e  absurdly  low 
birth  rates.  It  is  therefore  assumed  that  \\hen  birth 
rates  approach  replacement  levels  (considered 
roughly  equivalent  to  a  crude  birth  rale  of  14  or  a 
total  fertility  rate  of  2.1),  there  is  no  strong 
resistance  to  further  fertility  decline,  and  the  birth 
rates  are  allowed  to  sink  to  a  minimum  level  and 
remain  at  this  level  for  the  rest  of  the  century. 
These  minimum  levels  per  1,000  females  in  the 
fertile-age  groups  arc: 

High-projection  TFR=  2000  (CBR  of  about  14) 
Medium-projection  TFR=  I900(CBR  of  abo:jt  13.5) 
Low.projcctionTFR=  I800(CBR  of  abou^  13) 

Thus,  the  medium  and  low  proje$:Uons  permit 
fertility  levels  in  a  few  countries  to  fall  somewhat 
below  projected  replacement  levels  in  the  year 
r^2000.  The  nations  of  Western  Europe  and  North 
America  arc  already  below  these  levels.  The 
projections  assumed  that  they  will  remain  in  this 
state  for  10  years  and  will  then  trend  linearly 
toward  replacement  by  the  yea;  2(X)0;  for  medium 
and  low  projections,  the  rates  trend  linearly  to- 
ward 1900  and  1800  respectively.  As  these  counl 
iries  reach  a  stage  of  absolute  zero  growth,  it  is 
expected  that  systems  of  subsidies  and  other 
inducements  will  be  launched  to  encourage  fertil- 
ity in  order  to  prevent  declines  in  population  size. 

Fertility  Rates:  Egyptian  Example 

Not  unexpectedly,  the  use  of  different  total 
fertility  rate  projection  procedures  by  the  Census 
and  ^^hicago  demographers  led  to  somewhat  dif- 
ferent total  fertility  rate  projections  for  most 
^  countries  and  subregion^.  For  example,  in  the 
case  of  Egypt,  the  Chicago  fertility  projections  are 
30  percent  lower  than  the  Census  projections,  as 
shown  in  Figure  15-5. 

In  the  Census  Egyptian  fertility  projections,  the 
estim^ed  1975  fertflity  rate  of  5.8  was  assumed  to 
have  declined  by  the  year  2000  to  4.6  in  the  high 
series,  to  3.6  in  the  medium  series,  and  to  2.6  in 
the  low  series.  In  the  medium  series,  the  rate  for 
the  year  2000  was  based  on  the  ideal  family  size 
in  Alexandria  in  the  mid-1960s  and  in  Cairo  in 
1970,  adjusted  downward  10  percent  to  allow  for 
infertility  and  for  an  expected  decline  in  the 
desired  femily  size  as  the  actual  level  of  fertility 
declines.  The  3.6  figure  is  also  the  same  as  that 
for  1995-2000  in  the  U.N.  medium  variant  projec- 
tions. The  total  fertility  rate  for  the  year  2000  in 
the  high  and  low  series  was  assumed  to  be  plus  or 
minus  one  child  from  the  rate  for  the  medium 
series.  A  laigc  range  between  the  high  and  low 


series  was  chosen  because  of  the  great  uncertainty 
in  future  fertility  trends  in  Egypt. 

The  Census  Egyptian  fertility  projections  also 
take  into  account  the  large  fertility  decline  that 
took  place  in  Egypt  since  the  mid-1960s,  but  that 
ended  abruptly  in  1972.  Fertility  has  been  rising 
sharply  ever  since.  Although  all  three  series 
assumed  this  fertility  rise  will  abate,  they  differ  as 
to  the  time  it  will  take  to  return  to  1972  levels. 
The  high  series  assumes  it  will  take  16  years,  the 
medium  series  8  years,  and  the  low  series  4  years. 
With  this  constraint,  TFRs  for  the  intermediate 
years  were  obtained  by  graphic  interpolation  be- 
tween the  1975  and  2000  levels  on  the  assumption 
that  fertility  wflTehange  according  to  a  logistic  or 
S-curve  pattern. 

The  Chicago  fertility  projections  for  Egypt  were 
developed  according  to  Chicago's  unique  fertility 
projection  methodology,  described  above,  which 
wouW  produce  identical  projections  for  any  region 
or  country  with  a  1975  total  fertility  rate  estimated 
at  5.2  and  a  current  family  planning  program  of 
''moderate"  strength. 

In  assessing  ihese  fertility  projections  for  Egypt, 
two  apparently  countervailing  phenomena  not 
necessarily  unique  to  Egypt  need  to  be  pointed 
out.  First,  fk  Egypt  in  1975,  higher  household 
expenditure  levels  were  apparently  correlated  with 
larger  numbers  of  children  per  household,  as 
shown  in  Table  15-^.  Second,  although  the  Egyp- 
TABLE  15^ 

Egyptian  Personal  Expenditure  Distributions, 
1974-75 

(Egyptian  pounds) 
Rural  Urban 


House- 

Expendi- 

Pfer- 

Expends 

Per- 

hold 

tures 

sor^ib 

tures 

spns 

Expendi- 
ture 

per 
Person 

per 

House- 
hold 

per' 

Person 

per 

House- 
hold 

0^50 

28  7 

1  3 

33  0 

!  1 

50^75 

32  1 

I  9 

45.8 

1  4 

75-100 

29  2 

30 

38  9 

22 

100-150 

34  3 

3  7 

43  9 

29 

15(^200 

38.5 

4,5 

468 

3  7 

200-250 

42  7 

5  3 

48.4 

46 

25(^300 

45  9 

60 

57  6 

4.8 

300-350 

49  3 

66 

64  0 

5  1 

350-400 

55  4 

6  7 

649 

5  8 

400-500 

61  5 

7  1 

72  3 

5  9 

500-600 

69.9 

7  7 

87  6 

6  3 

60a-«00 

81.4 

85 

105,4 

6.5 

80&-I000 

980 

9.0 

147  1 

6.0 

1000-1400 

149.8 

80 

168  0 

68 

I40O-2000 

150.8 

10  6 

261.9 

6.7 

2000- 

418  7 

92 

358  6 

6.9 

Average 

63  0 

6.0 

99.8 

56 
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7.0 


40 


S.0 


4J) 


I 


2jO 


1.0 


1966 


19S5  1M0         1965  1970  1975  1980  1985 


1990         1995  2000 


FIgwre  15-5.  Projected  Egyptian  toUl  fertility  rates*  1950~2000«  medium  growth  case.  Figures  for  1950-66  are  from  A.  R. 
Omraru  ed.,  Population  Problems  and  Prospects  Egypt,  Chapel  Hill.  N  C  *  Carolina  Population  Center.  1971.  Table  4.  Figures 
are  unadjusted  register  data.  Real  fertility  rate  dechnes  may  be  masked  by  increasingly  complete  registration  during  the  1950- 
66  period. 


tian  Government  has  promoted  family  planning 
programs  for  several"  years,  few  expert  observers 
with  experience  in  Egypt  believe  that  these  pro- 
grams have  yet  had  much  impact  on  Egyptian 
fertility^ levels.  These  factors  raise  questions  as  to 
the  extent  to  which  higher  per  capita  incomes  and 
a  continuation  or  intensification  of  family  planning 
programs  art  likely  to  lead  to  lower  fertility  rates. 

Just  as  the  Census  and  Chicago  mortality  pro- 
jections used  different  procedures  fol-  disaggregate 
ing  a  summary  statistic  (life  expectancy  at  birth) 
into  age-specific  statistics  (survival  ratios  for  5- 
year  cohorts),  so  too  the  Census  and  Chicago 
fertility  projections  used  different  procedur'^s  for 
disaggregating  total  fertility  rates  into  age-specific 
fertility  rates.  As  a  result,  significant  differences 
may  be  observed  in  Table  lS-7  regarding  Census 
and  Chicago  estimates  related  to  the  fertility  of 
younger,  as  compared  to  older*  Egyptian  women. 


In  the  Census  Egyptian  fertility  projections,  the 
age  pattern  of  fertility  in  1975  was  besed  on  the 
age-pattern  of  fertility  in  1973,  the  latest  year  for 
which  such  (teta  are  available.  For  the  Egyptian 
low  series  in  the  year  20(X)  the  a'^e  pattern  of 
fertility  was  assumed  to  be  that  of  Cyprus  in  1975. 
Cyprus  was  selected  because  its  current  age- 
specific  fertiiity  rates  (ASFH)  are  known  and 
because  it  cuVrently  has  a  total  fertility  rate  Very 
close  to  the  low  series  target  rate  for  Egypt  for 
the  year  2(XX)  and  is  in1he  same  region  as  Egypt. 
Cyprus  is  also  part  Moslem  and  therefore  was  al* 
so  considered  a  reasonable  proxy  for  Egypt  in  the 
year  2Q00  for  purposes  of  disaggregating  fertility 
rates.  All  other  ASFRs,  including  the  medium  and 
high  series  patterns  in  the  year  2000,  were  linearly 
interpolated  between  the  1975  ASFRs  and  year 
2000  low  ASFRs,  on  the  assumption  that  ASFRs 
were  linearly  related  to  total  fertility  rates. 
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TABLE  15-7 


Estimaled  Age-Specific  Egyptian  Fertility  Rates, 
1975 

{Births  per  thousant,  femolrti 


Age  GitHjp 

Census 

Chicago 

15-19 

27.1 

88.6 

20.24 

}92.6 

240.4 

25-29 

293,3 

259.9 

30>34 

263.6 

218.5 

35-39 

230.3 

I4%2 

4<M4 

105.9 

72.0 

45-49 

50.8 

»I4.3 

Totai  Fertility  Rate  • 

5,8 

5.2 

Per  womiir  total  fcrtihty  rate  in  a  giyei,  year  basically  represents  the 
average  number  of  children  each  woman  would  have  over  her  lilttime  aisummg 
the  age-specific  fenility  rates  for  thai  year  applied  to  her  lifetime  Ii  is  five  limes 
the  su.n  of  the  agr-spccific  fenilKy  rut%.  divaJcd  by  1.000 


In  the  Chicago  fertility  projections,  the  World 
Bank's  a^spetific  disaggregation  patterns  were 
used.  These  show  relatively  higher  feitility  rates 
in  younger  females  and  lower  rates  in  older 
females. 


Migration:  Egyptian  Example 

As  previously  noted,  both  the  Census  and 
Chicago  projections  assume  zero  net  migration  ^for 
all  countries  and  subregions.  In  the  case  of  Egypt 
(and  many  other  countries)  this  is  a  serious 
sunplifiication,  since  Egyptian  migration  levels  are 
high  and  have  a  m^or  impact  on  the  nation's 
economy. 

In  the  preliminary  1976  Egyptian  census,  over 
1.4  milliOT  Egyptians  were  estimated  to  \  tem- 
porarily residing  abroad,  with  aver  20  pelrcent 
estimated  to  be  working  in  neighboring  oil-expprt- 
ing  countries  (representing  anywhere  torn  2.5  to 
10  percent  ot  the  total  Egyptian  labor  force).  This 
migratkm  has  two  nuyor  dfects  on  the  Egyptian 
economy  in  the  opinion  of  some  analysts:  (1)  a 
positive  contribution  is  made  to  the  balance  of 
payments  through  foreign  exchange  remittances, 
but  (2)  since  migration  is  selective  and  since  it 
tends  to  renoove.  from  the  domestic  labor  force 
some  of  the  best  elements  across  the  full  range  of 
prcrfessions  and  skills,  a  heavy  cost  is  incurred. 

Because  of  this  simplification,  neither  the  Cen- 
sus nor  Chicago  projections  are  able  to  provide 
any  indication  regarding  the  implications  of  a 
continuation  or  change  in  these  migratory 
trends. 


1.  For  a  comparison  of  Census  Bureau  estimates  with  those 
of  other  organizations,  see  R.  Kramer  and  S.  Baum, 

'Cofflfwrison  of  Recent  Estimates  of  the  World  Popula- 
tion Growth/'  paper  to  be  presented  at  the  1978  meetings 
of  the  Population  Association  of  America. 

2.  J.  Spitkr  and  N,  Frank,  ^The  Feasibility  of  Measuring 
Ptpuiation  Growth  in  Developing  Countries/'  Bureau  of 
the  Census,  1977  (mimeo). 
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The  Agency  for  Internationa!  Deveicpment 
(AID)  in  the  Department  of  State  is  responsible 
for  administering  most  of  the  U.S.  Government*  s 
foreiRn  assistance  activities  and  economic  assist- 
ance programs.  In  carrying  out  this  responsibility, 
the  Agency  must  analyze  the  probable  future 
economic  growth  of  countries  throughout  the 
world.  Because  of  recent  budget  cuts,  AID  relies 
almost  entirely  on  data  and  projections  developed 
by  other,  largely  international  agencies.  For  infor- 
mation on  world  GNP  (gross  national  product), 
the  Agency  depends  largely  on  the  World  Bank. 

The  World  Bank  Group,  an  international  coop- 
erative organization  associated  with  the  United 
Nations,  consists  of  three  institutions:  the  Inter- 
national Bank  for  Reconstruction  and  Develop- 
ment (IBRD),  the  International  Development  As- 
sociation (IDA),  and  the  International  Finance 
Corporation  (IFC).  The  common  objective  of 
these  institutions  is  tp  help  raise  standards  of 
living  in  less  developed  countries  (LDCs)  by 
channeling  financial  resources  from  indiistrial- 
ized  countries  to  .he  developing  world. 

The  Bank*s  projections  of  the  likely  future 
economic  growth  of  its  LDC  member  countries, 
summarized  in  its  annual  Prospects  for  Develop- 
ing Countries,  are  developed  in  the  Comparative 
Analysis  and  Projections  Division  of  the  Bank's 
Economic  Analysis  and  Projections  Department. 
Ordinarily,  these  projections  wpuld  not  meet  the 
needs  (A  the  Global  2000  Study  because  they  do 
not  extend  beyond  1965,  are  not  disaggregated  by 
indivkiual  countries,  and  do  not  project  economic 
growth  in  terms  of  GNP.  Instead,  projections  are 
presented  for  three  regional  groups  of  industrial- 
ized countries  and  for  six  groups  of  less  developed 
countries  (representing  about  87  percent  of  the 
population  and  national  income  of  all  LDCs). 
These  projections  are  made  in  terms  of  GDP 
(gross  domestk  product)  rather  than  GNP,  but  the 
difference  is  minor.  GDP  represents  the  total 
value  of  the  net  outputs  of  all  units  of  production 
physically  located  within  a  countiy.  GNP  repre- 
sents the  total  value  of  the  flow  of  goods  and 
servkes  becoming  available  to  the  citizens  and 
enterprises  associated  with  a  country,  without 
regard  to  whether  the  income  sources  or  recipients 


are  physically  located  within  or  outside  of  that 
country.  In  most  less  developed  countries,  GDP 
and  GNP  differ  by  only  a  few  percent  and  grow  at 
about  the  same  rate.  Therefore,  presenting  GNP 
growth  rates  as  equivalent  to  GDP  growth  rates 
for  LDCs  is  a  reasonable  procedure.  Industrialized 
GNP  growth  rates  were  projected  directly  and 
therefore  dki  not  require  conversion  from  GDP. 

Fortunately,  GNP  projections  to  the  year  2000 
on  a  country  by  country  basis  that  are  roughly 
consistent  with  official  World  Bank  Ejections 
have  recently  been  published.  Although  these 
projections  have  not  been  officially  endorsed  by 
the  Bank,  they  were  prepared  with  the  assistance 
of  members  of  its  staff  and  were  accepted  for  use 
by  a  blue-ribbon  panel  of  international  energy 
experts.  In  early  1976,«'the  MIT-sponsdred  Work- 
shop on  Alternative  Eneigy  Strategies  (WAES) 
asked  members  of  the  Bank's  Development  Policy 
Staff  for  assistance  in  making  GNP  projections  of 
likely  economic  growth  to  the  year  2(W  for  all 
LDCs,  and  a  report  making  such  projections  was 
published  in  1977.* 

Two  sets  of  GNP  growth  projections  for  the 
LDCs  were  developed  for  the  WAES  study:  a 
high-growth  and  a  low-growth  scenario  for  1976-. 
85  and  1985-^000.  The  high-growth  case,  in  gen- 
eral, projects  a  continuatk)n  of  1960-72  growth 
patterns,  whereas  the  low-growth  case  projects  ^ 
continuation  of  the  pattern  characteristic,  of  the 
\9Ti^l5  period  and  just  sufficiently  above  that 
period*s  population  growth  to  allow  an  advance  in 
real  global  GNP  per  c^ita.  In  both  scenarios,  all 
GNP  growth  rates  were  reduced  by  roughly  fOL30 
percent  for  the  period  1985-2000  by  WAES  ana- 
lysts to  take  into  account  the  future  impact  of 
declining  population  growth  rates  on  GNP  growth. 

Because  the  two  WAES  projections  cover  vir- 
tually all  countries  outside  of  communist  areas  on 
a  country  by  country  basis  and  extend  to  the  year 
2000,  they  serve  as  the  source  for  the  high  and  ^ 
low  GNP  figures  presented  in  Chapter  3  of  this 
volume.  A  third  set  of  medium-growth  projections 
was  developed  for  Global  2000  Study  by  averaging 


♦  Energy.  Global  Prospects,  1985-2000  New  York:  Mc^ 
Graw-Hill.  1977 
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the  growth  rate  used  in  the  high  and  low  projec- 
tions. It  should  be  noted  that  the  WAES  high- 
growth  case  corresponds  approximately  to  World 
Bank  midlevel  projections*  for  the  1976-85  period. 

Projections  for  GNP  growth  in  communist 
areas  vvere  provided  to  the  Glcbal  2000  Study 
by  CIA  regional  economic  specialists.t 

Key  Analytic  Methodology 

The  CIA  projections  for  the  various  Soviet  bloc 
countries  and  the  People's  Republic  of  China  were 
developed  using  a  combination  of  professional 
judgment  aod  basic  econometric  techniques,  in- 
cluding simple  trend  extrapolations  and  produc- 
tion-fimction  Calculations.^ 

The  WAEi  projections  for  the  industrialized 
countries  were  developed  on  an  independent, 
country  by  country  basis  by  panels  of  experts 
assembled  by  WAES.  The  panels'  projections 
were  based  on  the  use  of  available  econometric 
models,  official  government  fprecasts,  and  the 
judgment  of  government  experts.§  They  preceded 
the  developdent  of  the  GNP  projections  for 
LDCs.  Officiail  World  Bank  projections  for  the 
industrialized  countries  arc  developed  in  much  the 
same  way  but  tend  to  be  higher  because  they  give 
more  weight  to  official  national  forecasts. 

The  GNP  projections  for  the  LDCs  in  the 
WAES  study,  which  complemented  those  made 
earlier  for  the  industralized  countries,  were  devel- 
oped by  the  World  Bank  staff  in  much  the  same 
way  as  oOicisd  global  Worid  Bank  pmjections— as 
part  of  a  three-step  process:  (1)  Projections  were 


•  As  contained  in  "Prospects  for  Dcvciopinfi  Countnei; 
1977-^5/'  World  Bank  Staff  Study,  Sept.  1976 

Some  confusion  resulted  from  this  process  because  the 
base-year  (1975)  figures  used  by  the  CIA  and  the  World 
Bank  were  derived  using  diJRTerent  conversion  methodolo- 
gies. The  net  result  is  that  the  low-growth  rate  of  2  5 
.  percent  for  China  and  1976  GN|>  figure  for  the  U  S.S  R  are 
regarded  by  the  CIA  as  being  too  low  It  should  be  noted, 
however,  that  the  World  Bank  model  used  for  the  WAES 
study  to  develop  the  'GNP  projections  for  the  LDCs  as- 
sumed a  6  percent  growth  rate  for  the  socialist  bloc  for  all 
growth  cases,  which  significantly  exceeds  current  CIA 
estimated. 

t  The  methodology  currently  used  by  the  CIA  to  make 
Soviet  economic  projections,  which  is  representative  of  the 
methodologies  underlying  the  other  CIA  projections,  is 
bnefly  descnbed  in  Soviet  Economn  Problems  and  Pros- 
pects, Joint  Economic  Committee.  Aug.  8,  1977.  pp  29-30, 

I  These  are  described  in  some  detail  in  Workshop  on 
Alternative  Energy  Strateg»es,  Ener}(y  Supply-Demand  In- 
tegrations to  the  Year  2000:  Global  and  National  Studies, 
Cambridge.  Mass:  MIT  Press,  1977. 


developed  by  analysts  on  an  independent,  country 
by  country  basis,  relying  on  a  combination  of 
professional  judgment  and  the  use  erf  specialized 
country  or  regional  models.  (2)  Using  a  computer- 
based  model,  the  various  country  projections  were 
aggregated  and  adjusted  on  a  globally  coii^iblcnt 
basis  to  reflect  probable  economic  growth  con- 
straints due  to  likely  limitations  in  the  availability 
of  foreign  trade  earnings  and  foreign  investment 
capital.  (3)  The  projections  were  further  judgmen- 
tally  adjusted  by  Bank  and  WAES  analysts. 

Workl  Bank  projections  for  individual  countries, 
generally  based  only  on  the  completion  of  step 
one,  reflect  Bank's  optimistic  but  realistic  assess- 
ment of  growth  rates  that  could  be  achieved  under 
optimal  circumstances  (including  high  economic 
growth  rates  for  the  Western  industrialized  na- 
tions).  Thus,  they  are  not  necessarily  forecasts. 
However,  in  preparing  global  reports  that  aggre- 
gate individual  LDCs  into  groups,  the  Bank  staff 
has  in  the  past  completed  steps  two  and  three  in 
order  to  ensure  that  the  aggregate  projections  are 
realistic  in  view  of  expected  total  LDC  export 
earnings  and  the  expected  availability  of  foreign 
investment  capital.  It  is  thus  assumed  that  not  all 
LlX^s  could  experience  optimal  circumstances 
simultaneously.  For  the  WAES  study,  following 
completion  of  these  three  steps,  these  aggregate 
projections  were  then  disaggregated  for  indivkiual 
LDCs,  extended  to  the  year  2000,  and  further 
adjusted  to  reflect  the  views  of  the  WAES  staff 
regarding  the  impact  of  wergy  shortages  and 
unspecified  declines  in  population  growth  rates. 

Step  two  has  been  performed  in  the  past  for  the 
Work!  Bank  and  for  the  WAES  study  with  the 
assistance  of  a  World  Bank  econometric  model 
known  as  SIMLINK  (SIMulated  trade  LINK- 
ages).*  This  model  performs  the  calculations 
which,  on  an  explicit  quantitative  basis,  adjust 
initial  economic  growth  rates  to  correspond  to  the 
projected  availability  6f  foreign  trade  earnings  and 
foreign  investment  capital,  taking  into  account  the 
growth  rates  of  the  industrialized  countries  and 
the  LDCs  simultaneously.  It  was  during  this  step 
that  the  lower  WAES  GNP  projections  for  the 
industrialized  countries  were  substituted  for  the 
higher  WorW  Bank  projections. 

Development  of  the  SIMLINK  model  was  be- 
gun by  the  World  Bank  in  early  1974  in  order  to 
analyze  trade  linkages  and  growth  prospects  for 


•Described  officially  in  The  SIMLINK  Model  of  Trade  and 
Growth  for  tj^e  Developmg  V,'orld,  World  Bank  Staff  Work- 
ing Paper— 'No.  220«  October  1975  and  also  in  Norman  L. 
Hicks  et  al..  **A  Model  of  Trade  and  Growlh  for  the 
Developing  World.'*  European  Economic  Revien  7  1976, 


ERLC 


Bio 


GROSS  NATIONAL  PRODUCT 


523 


LDCs  under  alternative  scenarios  of  development 
and  inflation  in  the  industrialized  world.  By  the 
end  of  April  1974,  a  woridng  version  of  SIMLINK 
was  available  and  was  used  as  the  basis  for  the 
"  first  annual  issue  of  Prospects  for  the  Developing 
Counifies.  One  of  the  first  analyses  to  be  pro- 
duced by  SIMLINK  was  the  effect  on  LDC 
economic  growth  rates  of  potential  changes  in  the 
international  price  of  oil.  The  model  sun>orted  the 
view  that  the  direct  impact  of  changes  in  the  price 
of  oil  on  LDC  growth  would  be  minor.  However, 
the  same  analysis  also  indicated  that  the  impact  of 
changes  in  the  growth  rates  cS  the  industrialized 
nations  on  LDC  growth  would  be  msyor.  Subse- 
'  quently,  the  WAES  study  examined  in  greater 
detail  the  extent  to  which  the  economic  growth 
rates  of  the  industrialized  nations  might  be  signifi- 
cantly reduce  by  changes  in  the  international 
price  erf  oil.  The  WAES  study  established  that 
such  impacts  could  be  significant,  in  which  case 
the  indirect  impact  of  changes  in  the  international 
price  of  oil  on  LDC  growth  would  be  msuor. 

Since  its  development,  SIMLINK  has  under- 
gone a  series  of  msgor  enhancements  and  has 
been  adapted  to  meet  changing  economic  percep- 
tions and  Worid  Bank  needs.  Version  V  (1975-76) 
served  as  the  basis  for  the  WAES  study.  Version 
VI  (1976-77),  the  most  recent  version,  was  utilized 
by  the  Bank's  Development  Policy  Staff  until  mid- 
1977  and  thus,  indirectly,  by  AID  and  other 
federal  agencies.  For  this  reason,  and  because  the 
SIMLINK  V  runs  supporting  the  WAES  study 
are  no  longer  available,  a  set  of  three  SIMLINK 
runs  based  on  Version  VI  was  developed  by  the 
World  Bank  staff  for  the  Global  2000  Study  as  the 
basis  for  this  methodolopcal  discussion.  These, 
runs  correspond  to  the  |figh,  medium,  and  low 
GNP  growth  scenarios  and  do  not  incorporate  the 
subsequent  judgmental  adjustments  customarily 
performed  by  Bank  and  WAES  analysts  (step  3). 

At  the  time  of  its  development,  SIMLINK  was 
neither  considered  nor  intended  to  represent  a 
theoretical  breakthrough  in  econometric  modeling. 
It  combined  several  existing  rnodeling  techniques 
in  a  comprehensive  system  intended  to  furnish 
information  for  polk;y  decisions  on  a  timely  basis. 
Comprehensive  in  nature,  the  model  was  simple 
enough  to  be  calculated  quickly. 

Previous  modeling  efforts  involving  LDCs  con- 
sisted largely  of  panillel,  but  often  unconnected, 
work  along  three  broad  lines:  country  models  that 
concentrated  on  one  country  and  assumed  the  rest 
of  the  worW  as  exo^nously  given;  commodity 
models  that  examined  market  equilibrium  condi- 
tions for  a  single  commodity;  and  world  trade 
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models  that  used  a  static  share-relationship  tfe 
balance  worid  exports  and  imports.  Another  effort 
had  been  made  to  combine  large  econometric 
models  and  work!  trade  relationships  (Project 
LINK),  but  it  had  not  proven  useful  for  studies  of 
the  less  Jeveioped  world ,  since  most  of  the 
models  were  short-term  forecasting  nnxlels  of  the 
industrialized  worid  without  the  dynamics  of  the 
commodity  markets  and  without  adequate  LDC 
models.  In  additkw,  the  LINK  system  was  con- 
sidered by  the  World\Bank  staff  to  be  too 
unwtekly  to  provide  timely  analyses  of  policy 
alternatives. 

SIMLINK  was  developed  by  a  team  of  eight 
professionals  with  expertise  in  economics  and 
econometrics.  It  has  always  been  a  part-time 
project  for  those  involved  with  it,  so  that  the 
cumulative' resources  invested  in  it  to  date  are 
equivalent  to  roughly  three  years  of  one  person  s 
full-time  effort.  Miyor  enhancements  since  1974 
have  included  the  development  of  more  detailed 
commodity  specificatkwis,  more  meaningful  coun- 
try aggregations,  and  improved  trade  dynamics.  It 
contains  over  ioO  econometric  structural  equa- 
tions, not  counting  definitional  equations  and 
klentities.  It  is  written  in  approximately  1 ,500  lines 
of  FORTRAN,  including  extensive  comments  and 
is  run  on  the  Bank's  Burroughs  7700  computer. 

Before  developing  SIMLINK,  World  Bank 
economists  generally  used  simple  calculations  and 
judgment  in  adjusting  regional  economic  growth 
projections  to  be  consistent  with  the  likely  availa- 
biliiy  of  foreign  investment  capital  and  foreign 
exchange  earnings.  While  SIMLINK  has  allowed 
the  Bank  to  make  these  adjustments  on  a  more 
explk:it,  consistent,  and  sophisticated  basis,  many 
members  of  its  Development  Policy  Staff  have 
become  uncomfortable  with  SIMLINK  s  simplic- 
ity I'elative  to  econometric  moAls  used  for  other 
purposes  and  l»ave  been  developing  larger,  more 
detailed  and  sophisticated  regional  and  global 
econonetrk:  models  to  take  the  place  of  SIM- 
LINK. These  new  models  are  expected  eventually 
to  bc^more  capable  structurally  of  simulating  LDC 
internal  investment  processes,  reciprocal  trade 
link^es  between  LDCs  and  the  industrialized 
countries,  technological  change,  resource  deple- 
tion, and  structural  change  within  LDC  econom- 
ies. In  particular,  the  new  models  are  expected  to 
produce  acceptable  results  for  a  wider  range  of 
variation  in  economic  indicators  and  structure 
than  is  posable  with  SIMLINK.  No  n^jor  en- 
.hancenocnts  to  SIMLINK  arc  currently  planned. 

While  it  is  clear  that  the  SIMLINK  approach 
has  many  limitations,  it  must  be  emphasized  that 
SDMUNK  was  not  explicitly  designed  for  the 
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purposes  to  which  Global  2000  has  put  it.  Accord- 
ing to  World  Bank  analysts,  if  more  time  had 
been  available  for  the  completion  of  the  Global 
2000  Study,  most,  if  not  all  of  the  model's  major 
shortcomings  could  in  fact  be  remedied.  In  anv 
event,  they  note,  imperfect  as  it  is,  SIM  LINK 
vastly  superior  to  any  model  or  system  that  could 
have  been  used  for  World  Bank  purposes.  How- 
ever, they  feel  that  shouW  the  Global  2000  analy- 
sis be  continued  somewhere  in- the  U.S.  govern- 
ment, it  is  clear  that  a  high  priority  must  be  given 
to  the  development  of  a  much  more  sophisticated 
and  suitable  global  economic  model. 

Basic  Principles 

The  purpose  of  SIMLINK  is  to  aggregate  and 
adjust,  as  appropriate,  the  economic  growth  pro- 
jections developed  for  individual  LDCs  by  World 
Bank  analysts,  so  as  to  take  explicit  account  on  a 
consistent  basis  of  likely  limitations  in  the  world- 
wide availability  of  foreign  trade  earnings  and 
foreign  investment  capital.  If  individual  Bank 
projections  were  aggregated  without  these  adjust- 
ments, total  worW  trade  and  foreign  investment 
woukl  exceed  plausible  levets. 

Those  1975-85  projections  were  acyusted  (gen- 
erally downward)  for  the  WAES  study  to  reflect 
judgmental  estimates  by  Worid  Bank  and  WAES 
analysts  of  the  likely  impact  of  additional  factors 
(pariiculariy  changes  in  energy  prices  and  availa- 
bilities) on  real  GNP  growth  (Table  16^1).  SIM- 
LINK  projections  for  most  LDCs  were  roughly 
5  percent  lower  than  the  Bank  s  initial  individual 


projections  and  roughly  10  percent  higher  than  the 
1975-85  judgmental  final  projections  used  by  the 
WAES  study  and  the  Global  2000  Study. 

In  order  to  perform  its  calculations,  SIMLINK 
requires  exogenous  projections  of  four  m^jor  sci^ 
of  variables,  which  must  be  separately  specified 
for  each  year  being  projected.  Projections  of  these 
sets  of  variables  were  developed  by  various  World 
Bank  country  and  commodity  specialists,  largely 
on  an  independent  basis,  and  then  aggregated  as 
appropriate  for  SIMLINK.  They  aie  the  m^jor 
sets  of  variables  changed  in  creating  new  scena- 
rios and  indude  the  following: 

•  Real  economic  growth  rates  for  the  Western' 
industrialized  nations  (aggregated  into  three 
groups). 

•  Real  prices  for  the  25  primary  commodities  a^d 
commodity  groups  exported  by  the  LDOi. 

•  Four  separate  inflation  indices. 

•  Estimates  of  the  maximum  potential  gap  be- 
tween export  earnings  and  import  expenditures, 
on  current  account,  which  the  LDCs  (aggre- 
gated into  six  groups)  are  likely  to  be  able  to 
sustain.  These  estimates  act  a  surrogate  for 
esnmates  of  likely  foreign  capital  flows  into  the 
LDCs. 

Other  exogenous  projections  are  also  required 
by  SIMLINK  but  are  almost  never  varied  in 
creating  different  SIMLINK  scenarios.  For  ex- 
ample, for  each  LDC  group,  SIMLINK  requires 
exogenous  projections  of  the  proportional  mix  of 
exported  primary  commodities  and  other  goods 


TABLE  16-1 

Projected  Average  Annual  Real  GNP  Growth,  by  Adjustment  Steps^ 
Meitium  Growth  Case,  1975*85 

( Pen  ettt  > 


Individual 
Count  ncs" 


Western  industnaJized  naiionn  4  i 

Socialist  nations  6  0 
LDC  Groups*- 

India  3  t 

Other  South  Asian  countnes  4  9 

Low-income  Africa  4.8 

Lower-middle  income  6.4 

Middle  income  5.0 

Upper-middle  income  5  5 
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SIMLINK' 

Step  3 
Judgmental 
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54 
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5.1 

44 
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.   C«k«kt«f  Mini  efJknalts  of  197$  kvcU  .rf  •conoouc  Mtivtly.  w|uch  drffer  from  tboM  preMitted  m  Chapter  3  Analysts  ai  the  WorW  Bank,  which  developed  both 
•ttt  or  1975  titimattt  (uiiRl  dMirtni  mcthodoloikai  MtumplKms).  f«cofflm«nded  thai  (he  Gtobal  2000  Study  make  use  of  (item  m  \Hs  way 
*  At  prtMK«d  ill  tlie  WAES  stiNty  and  in  ChiipUr  3|  of  (Ms  volume 

«  TW  WAES  itv4y  did  mm  puMik  (Ms  n|Mr«.  whKh  wmmariws  (he  projections  for  the  U  S  S  R  and  Eas(em  Europe  presented  in  this  study 
'Comljlvtnl  conmrits  ire  ideniiAed  subte<|ycnlly  in  the  diKusslon.  under  (he  headrnt "  Basic  Components ' ' 
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and  services  for  each  year  being  projected;  as  a 
result,  the  proportional  mix  of  exports  for  each 
LDC  group  can  be  and  is  specified  to  change  over 
time,  although  the  specifications  themselves,  once 
made,  are  rarely  changed.  In  contrast,  the  propor- 
ticna!  mix  of  imports  for  each  LIX^  group  is  no! 
exogenously  specified  but  is  incorporated  in  the 
modePs  structure  in  the  form  of  linear  equations 
whose  constants  and  coefficients  do  not  change. 

Other  examples  of  variables  requiring  exoge- 
nous prqiections  that  are  rarely  chmged  include: 
economic  growth  rates  of  the  socialist  nations; 
elasticities  of  demand  for  manufactured  goods 
from  the  LDCs  (as  a  single  aggregate)  with  respect 
to  economic  growth  rates  in  the  Western  indus- 
trialized and  socialist  nations  (four  aggregates)*; 
and  proportional  compound  growth  rates  in  ex- 
ports of  manufactured  goods  for  each  of  the  six 
groups  of  LDCs.  A  single  set  of  demand  elastici- 
ties with  respect  to  LDC  exports  of  manu&ctured 
goods  is  used  for  all  years  being  projected.  The 
proportional  compound  growth  rates  in  exports  of 
manufactured  goods  for  each  group  ctf  LDCs  are 
separately  specified  for  each  year  being  projected. 

SIMLINK  then  calculates: 

•  World  trade  volumes  for  the  various  primary 
commodities. 

•  Export  eaminas  (in  dollars)  associated  with 
these  trade  volumes  adjusted  for  inflation  and 
terms  of  trade. 

•  Allocations  of  these  export  earnings  to  each  of 
ttie  sk  groups  of  LDCs. 

•  Total  balance!^  available  to  pay  for  imports  into 
each  LDC  group  (export  earnings  plus  the 
maximum  potential  gap  between  export  earnings 
and  import  expenditures,  a  surrogate  for  foreign 
capital  flows  intojhe  L£)Cs). 

•  Real  growth  rates  for  each  of  the  six  groups  of 
LDCs,  based  on  their  capacity  to  pay  for 
imports  from  export  earnings  and  foreign  capital 
flows. 

The  relative  efficiency  of  SIMLINK  is  achieved 
througli  simpiiv.ity.  LDC  economic  growth  rates 
are  projected  solely  as  a  function  of  internal 
investment  rates,  capital  flows  from  the  industrial- 
ized nations,  and  trade  with  the  Western  indus- 
trialized and  socialist  nations  (as  projected  by 
SIML$NK,  based  on  differential  inflation  rates, 
industrialiiSMl  leconomic  growth  rates,  and  exoge- 
nous prtbe  projections).  Trade  between  LDCs  is 


exchided.*  LDC  economic  growth  rates  have  no 
impact  on  the  growth  rates  of  the  industrialized 
nations,  which,  in  turn,  are  not  projected  to  have 
any  impact  in  the  ability  of  the  industrialized 
nations  to  invest  in  the  LDCs. 

Commodity  price  projections  arc  exogenously 
estimated  and  generally  updated  by  Bank  anajvsts 
every  six  months.  These  projections  are  consi%nt 
with  the  Bank*s  current  projections  of  economic 
growth  rates  in  the  industrialized  nations.  How- 
ever, in  developing  separate  high,  nmiium,  and 
low  growth  scenarios,  a  single  set  ofexogerKxis 
corrimodity  price  projections  is  used.  The  prices 
are^Jlhus  independent  of  changes  in  the  Study*$ 
specification  of  economic  growth  rates  in  the  . 
industrialized  nations,  as  welK  as  independent  of 
trade  volumes  and  LDC  economic  growth  rates 
calculated  by  the  model. 

Each  LDC  group  contains  countries  with  per 
capita  incomes  falling  into  cert^a  predesignated 
ranges.  Thus,  countries  as  dif^l^  at  Bolivia, 
Thailand,  and  Morocco— <tr  Aigentina,  Jamaica, 
and  Yugoslavia— are  grouped  together  on  the 
assumption  that  they  behave  economically  in 
structurally  equivalent  ways,  despite  their  obvious 
sociopolitical  and  geographic  differences.  Eariie^^ 
versions  of  SIMLINK  had  far  more  homogeneous  ^ 
regional  and  income  groups.  The  (Iktsent  qpuntry 
groups  were  subsequently  created  by  Bank  ana- 
lysts to  ensure  that  SIMLINK  would  not  appear 
to  be  analyzing  country-specific  policies. 

SIMLINI^  is  also  premised  on  the  common 
assumption  used  in  short-term  econometric 
nKxlels  that  no  mi^or  structural  changes  will  occur 
within  the  groups  or  the  international  economic 
order  during  the  period  for  which  it  generates^ 
proj^tions.  It  cannot  be  used  to  produce  mean- 
ingful results  based  on  exogenous  inputs  thM 
assume  that  such  changes  will  take  place,  and'  it 
cannot  project  such  changes  endogenously.  Indi- 
vidual country  models  developed  by  Worlds.  Baink 
analysts  may,*  to  some  extent,  incorporate  a»- 
sumptkHis  repuding  structural  change,  which  are 
in  turn  reflected  in  the  exogenous  assurn{»^ons 
used  by  SIMLINK.  But  except  for  j;hese  adliust- 
ments,  SIMLINK  implicitly  assumes,'  for  exam- 
ple, either  (1)  that  significant  resource  or  environ- 
menuit  contraints  will  not  be  encountered,  nuuor 
technological  change  will  not  take'  place,  the 
LDCs  will  not  succeed  in  raiding  the  reMtive 
prices  of  primary  commodities  ^hf^igh  carteKza- 
tion,  the  industrialized  nations  ^itl  liot  implement 


•According  to  Bank  analysts,  these  elasticities  have  proved 
to  be  one  of  the  weaker  parts  of  SIMLINK.  Final  results 
turn  out  to  be  extremely  sensitive  to  the  assumptions  made 
here. 


•Bank  analysts  note  that  any  existiilg^ade  between  LDCs 
is  in\;  licit  in  the  model's  paranieterll  which  cover  the 
behavior  of  the  past. 
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increasingly  protectionist  policies,  rising  LDC 
debt  levels  will  not  significaolly  impede  LDC 
economic  growth,  and  m^jor  military,  political,  oi 
cultural  chanfe  will  not  occur;  or  (2)  that  such 
events  will  have  no  net  impact  on  present  patterns 
of  economic  hehavior  and  hence  may  be  disre- 
garded. 

The  model  thus  implicitly  also  assumes  (I)  that 
the  existing  economic  system  and  associated  fi- 
nancial institutions  and  facilities  are  fundamentally 
sound,  (2)  that  the  industrial  nations  and  the 
LDCs  have  a  reciprocal  interest  in  maintaining 
and  developing  the  existing  system,  and  (3)  that 
this  reciprocal  interest  is  based  on  the  unavoidable 
dependence  of  the  poor  on  the  prosperity  of  the 
rich. 

These  assumptions  may  seem  to  imply  that 
recent  demands  of  the  LDCs  for  a  ^new  economic 
order"  will  not  be  met:  SI^LINK,  however,  was 
not  designed  to  analyze  lis  issue.  Such  a  new 
economic  order  would  involve  m^r  changes  in 
the  structure  of  world  industry,  a  new  interna- 
tional division  of  labor,  and  a  dramatic  shifl  in  the 
relative  influence  of  the  Western  world  on  the 
international  economic  system.  As  set  forth  in  the 
1975  Declaration  and  Plan  of  Action  on  Industrial 
Development  Issues,*  these  various  demands  are 
given  concrete  form  in  a  single  goal:  by  the  year 
2000,  LDCs  should  account  for  at  least  25  percent 
of  the  world's  industrial  production. 

SIMLINK  is  structurally  incapable  of  simulat* 
ing  the  m^jor  changes  implied  by  this  25  percent 
goal.tln  feet,  according  to  the  GNP  projections 
developed  for  the  Global  2000  Study  using  SIM- 
LINK  (see  Chapter  3),  several  LDCs  are  likely  to 
experience  negligible  per  capita  economic  growth 
and  possible  decreases  in  per  capita  consumption 
over  the  1985-2000  period.  This  would  be  in  ' 
contrast  to  recent  historic  trends,  as  well  as  to 
LDC  expectations  and  might  produce  severe  so- 
cial and  political  tensions^  which  are  also  not 
represented  in  the  model. 

Because  of  many  of  these  structural  limitations. 
Work!  Bank  analysts  are  reluctant  to  use  SIM- 
LINK  to  make  projections  beyond  1985.  While 
the  Bank*s  new  regional  and  global  models  have 
been  designed  to  take  into  account  miany  more 
near-term  structural  variations  than  SIMLINK, 


,  *  At  th€  meeting  of  (he  U  N.  Orgahizalion  for  Imluslrial 
Development  at  Lima  in  1975. 

tBank  analysts  disagree:  in  ihetr  view,  such  changes  couW 
be  built  into  SIMMNK  fairly  easily,  they  explain  that  these 
a«ljuMmenl!i  have  not  been  made  lo  SIMI.INK  because  a 
new  system  capable  of  looking  into  such  issues  is  now  being 
designed  and  implemented,  as  previously  mentioned. 


■  he  Bank  still  lacks  a  formal  analytic  methodology 
for  projecting  future  GNP  growth  of  LDCs  be- 
yond 1985.  SIMLINK  was  extended  through  the  % 
1985-90  period  for  the  WAES  study,  but  simple 
GNP  trend  extrapolations,  judgmentally  adjusted 
downward,  were  used  io  piuvide  projections  for 
the  remaining  I990-.2000  p  riod.  This  procedure 
was  felt  to  be  sounder  and  less  misleading  than 
attempting  to  run  this  medium-term  model  well 
beyond  the  time  span  it  was  designed  to  simulate. 
Judgmental  analysis  was  also  lised  to  extend  the 
results  of  the  adjusted  formal  modeling  analysis  to^ 
countries  not  explicitly  included  in  the  country 
groups  represented  in  the  model. 


Bask  Components 

In  terms  of  the  objectives  of  the  Global  2000 
Study,  SIMLINK  has  been%ised  to  provide  the 
economic  growth  projections  required  to  develop 
the  Study's  food  and  energy  projections,  and  the 
same  projections  have  been  used  as  a  point  of 
reference  in  discussing  economic  growth  issues  in 
relation  to  population,  resource,  and  environmen- 
tal trends  to  the  year  2000.  SIMLINK  itself  does 
not  take  explicit  account      population  growth, 
resource  depletion,  or  environmental  impacts, 
however,  some  of  these  factors  are  taken  into 
account  prior  to  running  the  model  (in  developing 
some  of  the  exogenous  projections  required  for 
SIMLINK)  and  after  running  the  model  (in  judg- 
mentally adjusting  SIMLINK's  calculations).  The 
assumptions  made  regarding  these  factors  in  many 
cases  are  not  explicit  and,  because  they  involve 
the  Bank's  politically  sensitive  individual  country 
models,  were  not  made  available  to  the  Global 
2000  Study  by  the  Bank,  SIMLINK  does,  how- 
ever, take  explicit  account  of  a  range  of  projected 
commodity  prices  and  volumes  in  international 
trade.  These  were  made  available  by  the  Bank 
and  will  be  discussed  later. 

Although  global  SIMLINK-developed  World 
Bank  projections  are  a  primary  source  of  GNP 
projections  used  by  AID  and  other  federal  agen- 
cies, alternative  growth  projections  have  also  been 
used  by  these  agencies.  AID,  for  example,  tends 
to  rely  more  on  the  Bank's  individual  countiy 
analyses  than  on  the  Bank's  aggregate  global 
analyses  developed  using  SIMLINK.  The  Depart^ 
ment  of  Agriculture's  Economics,  Statistics,  and 
Cooperatives  Service  uses  projections  made  by 
the  Food  and  Agriculture  Organization  (FAQ). 
The  Energy  Information  Administiation  of  the 
Department  of  Energy  uses  projections  made  by 
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the  U^N.  .and  the  Organization  for  Economic 
Cooperation  and  Development  (OECD).  The  Bu- 
reau ot  Mines  relies  on  international  economic 
projections  developed  by  Wilfred  Malenbaum,  as 
described  in  Chapter  22.  The  FAO,  U.N.,  and 
OECD  projections  tend  to  be  higher  than  those  of 
WAES  or  the  World  Bank;  Bureau  o^Mines 
projections  tend  to  be  lower. 

r  In  terms  of  internal  structure,  SIMLINK  is 
essentially  a  block  recursive  model  representing 
three  groups  of  industrialized  nations,  the  socialist 
bloc,  and  six  representative  groups  of  LDCs.  U 
covers  trade  in  25  primary  commodities,  projected 
roughly  10  years  into  the  future.  ''Block  recur- 
sive" refers  to  the  fact  that  each  major  component 
of  the  model  is  solved  for  all  years  projected 
before  the  next  major  component  is  solved.  This 
means,  for  example,  that  l-DC  commodity  export 
projections  are  calculated  for  all  years  to  be 
simulated  in  one  subprogram  block,  based  on 
unadjusted  LDC  growth  projections  (which  are 
adjusted  later  in  a  separate  subprogram  block). 

This  computational  approach  reflects  the  as- 
sumption that  LDC  commodity  export  levels  are 
essentially  independent  of  LDC  economic  growth. 
Although  many  of  SIMLINK^  commodity  sub- 
models are  specified  in  part  as  functions  of 
economic  growth  rates  in  the  Western  industrial- 
ized nations  (excluding  ih6  socialist  bloc),  changes 
in  these  rates  have  only  very  limited  effect  in. 
changing  LDC  commodity  export  levels.  The 
constant  dollar  value  of  LDC  exports  of  primary 
commodities  vjuies  by  less  than  10  percent.  This 
is  because  commodity  price  Levels  are  exoge- 
nously  specified,  and  the  specification  is  not 
varied  with  changes  in  the  exogenous  specification 
of  the  economic  growth  rates  of  the  industrialized 
nations.  However,  changes  in  economic  growth 
rates  of  the  Western  industrialized  and  socialist 
nations  have  a  m^or  effect  in  changing  levels  for 
LDC  exports  of  manufactured  goods  and  services. 
The  constant  dollar  value  of  these  exports  varies 
by  more  than  30  percent. 

Within  SIMLINK,  the  Western  industrialized 
nations  are  grouped  geographically  into  North 
America,  Western  Europe,  ar  d  Japan-Oceania.  A 
socialist  country  group  is  also  represented  but 
interacts  with  other  components  of  the  model  to  a 
lesser  extent  than  the  Western  industrialized  na- 
tions. An  OPEC  importing  market  for  LDCs  has 
been  represented  in  the  model  for  certain  special* 
izcd  World  Bank  analyses  but  not  for  the  WAES 
analysis. 

The  six  representative  gjaups  of  less  developed 
countries  have  been  defined  differently  in  the 


various  versions  of  SIMLINK.*  In  SIMLINK  VI, 
grouped  primarily  by  per  capita  income,  they  are: 

1.  India. 

2.  Other  South  Asian  Countries:  Bangladesh, 
Pakistan,  Sri  Unka. 

Z.  Low-incorne  Africa:  Ethiopia,  Kenya,  Mada- 
gascar, Tanzania. 

4.  Lower -middle  income:  Bolivia,  Cameroon, 
Egypt,  Ghana,  Ivory  Coast,  Liberia,  Morocco, 
the  Philippines,  Senegal,  Sudan,  Thailand. 

5.  Middle  income:  Brazil,  Chile,  Colombia, 
Guatemala,  Korea,  Malaysia,  Mexico,  Peru, 
Syria,  Tunisia,  Turkey,  Zambia. 

6.  Upper-middle  income:  Argentina,  Jamaica, 
Yugoslavia. 

The  less  developed  OPEC  countries  are  not 
represented.  A  geographic  perspective  on  the 
methodology  underlying  these  projections  is  pro- 
vided in  one  of  the  colored  maps  used  to  illustrate 
the  discussion  in  Chapter  14. 

The  25  primary  export  commodities  and  com- 
modity groups  represented  in  SIMLINK  were 
chosen  because  each  accounts  for  more  than  3 
percent  of  the  total  export  earnings  for  each  LDC 
group  (or,  m  a  few  cases,  tor  particular  countries). 
These  include:  II  commodities  or  commodity 
groups  involving  food  exports;  9  involving  non- 
food agricultural  exports;  and  5  involving  minerals 
and  metal  exports.  Eleven  endogenous  submodels 
containing  from  3  to  25  equations  are  incorporated 
within  SIMLINK  for  projecting  export  volumes 
(or  total  production)  of  beef,  cocoa,  coflFec,  cop- 
per, fats  and  oils  (including  coconut  oil,  copra, 
groundnuts,  groundnut  oil,  and  palm  oil),  iron  ore, 
rice,  rubber,  sugar,  tea,  and  tin. 

Ten  commodities  are  projected  using  simple 
compound  growth  formulas  (generally  derived 
from  the  results  of  the  Worid  Bank's  independ- 
ently run  commodity  models).  These  include: 
cotton,  jute,  maize,  petroleum,  timber,  tobacco, 
wheat,  miscellaneous  food  exports,  miscellaneous 
nonfood  agricultural  exports,  and  miscellaneous 
mineral  and  metai  exports. 


♦The  discussion  that  follows  is  based  on  the  current  version 
of  SIMLINK,  Version  VI.  The  tables  are  based  on  SIM- 
LINK VI,  run  under  the  same  exogenous  assumptions  that 
the  WAES  study  used  to  run  SIMLINK  V.  Complete 
documentation  and  runs  associated  with  the  original  WAES. 
study  and  SIMLINK  V  are  not  presently  available,  and  in 
any  event  would  not  represent  the  current  methodology 
used  (indirectly)  by  AID  and  other  federal  agencies  in 
projecting  GNP. 
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AH  commodity  price  forecasts  are  exogenous 
and  are  not  changed  ♦or  the  high-,  ra*dium-.  and 
low-growth  cases.  For  this  reason,  thv-  endoge- 
nously  projected  commodity  quantities  ar**  also 
very  similar  for  all  three  casci,  regardless  of 
changes  to  the  GNPgrov/th  rates  of  industrialized 
countries/ Tiade  volumerof  other  LDC  exports 
to  the  industrialized  nations  (i.e.,  manufactured 
goods  and  services),  however,  do  change  signifi- 
cantly. 

World  Bank  estimates  of  potential  GDP  growth 
and  foreign  capital  needs  for  individual  LDCs  are 
politically  sensitive  and  therefore  confidential.  It 
would  not  be  unusual,  however,  for  an  LDC 
member  of  the  World  Bank  to  forecast  Us  official 
average  annual  economic  -Dwth  rate  at  10  per> 
cent,  for  World  Bank  country  experts  to  piQect  it 
more  realistically  at  a  maximum  o'',  for  example, 
7  percent  under  optimal  circum'^.ances,  and  for 
aggregate  forecasts  to  be  between  5  and  6  percent. 
More  common  is  the  relatively  poor  country, 
whose  plan  calls  for  6  percent,  where  Bank 
analysts  are  likely  to  project  4.5  percent,  and 
where  aggregate  forecasts  would  decrease  it  to  3 
ner  .nt. 

Ill  inany  cases,  these  internal  Bank  projections 
a*e  based  on  detailed  econometric  models  main- 
tained by  the  Bank,  though  the  results  of  those 
n,odels  are  subject  to  extensive  heuristic  adjust- 
ments before  bfeirig  used  by  SIM  LINK.  In  other 
cases,  they  are  developed  using  less  formal  pro- 
cedures. The  exogenous  commodity  prices  are 
generally  also  derived  from  detailed  econometnc 
models  for  individual  commodities  and,  like  all  of 
the  exogenous  inputs,  are  subject  to  judgmental 
adjustment  before  being  entered  into  S:MLINK. 

SLvlLINK  internal  coefficients  and  exogenous 
inputs  arc  derived  from  data  covering  the  period 
l%0~75,  collected  by  the  WoHd  Bank  or  the 
United  Nations.  In  general,  most  available  eco- 
nomic data  on  LDCs  are  at  least  two  years  old. 
although  more  current  data  are  available  on  LDC 
debt  balances  and  regarding  overall  economic 
activity  within  the  Western  industrialized  coun- 
tries. The  quality  of  most  LDC  data  is  not  good, 
as  economic  definitions  vary  across  Countries  and 
across  time.  Sampling  and  reporting  error  is  great, 
and  data  are  generally  collected\3nly  on  an  annual 
basis.  Because  of  changes  in  thAbasic  economic 
structure  of  most  LDCs,*iiata  prt^ceding  I960  in 
general  have  no  validity  for  projections,  so  that 
no  more  than  10-15  annual  observations  are 
g^ner^ly  available.  Moreover,  m  many  LDCs  an 
industry  sector  cons^^t^^  of  one  or  two  principal 
Qompanies,  so  that    ja  changes  over  time  are 


likely  to  reflect  microeconomic  rather  than  ma- 
croeconomic  determinants. 

Basic  Procedures 

The  sequential  operation  of  the  SIMLINK 
model  is  snown  in  Figure  16-1. 

The  exogenous  GNP  growth  assumptions  for 
the  Western  industrialized  nations  and  the  socialist 
nati9tas  used  in  the  Glottal  2000  Study  medium- 
growth  projections  (as  run  on  SIMLINK  VI)  are 
summarized  in  Table  16-2.  fn  this  analysis,  the 
North  American  economic  growth  rate  is  pro- 
jected to  be  high  relative  to  that  of  the  past  20 
years,  while  economic  growth  in  Western  Europe 
and  Japan-Oceania  is  quite  low  relative  to  the 
same  period.  Because  North  America's  elasticity 
of  demand  for  LDC  manufactured  goods  with 
respect  to  North  America's  GNP  growth  is  pro- 
jected within  SC.ILINK,  at  3.5,  to  be  more  than 
twice  that  of  Western  Euro,.,  at  1.7,  or  ^apan^ 
Oceania,  at  1.5,  these  differences  should  not  be 
thought  of  as  balancing  eacfi  other. 

Based  on  economic  experience  of  ihe  past  2-3 
years.  World  Bank  analysts  suggested  (after  the 
Global  2000  Study  was  well  underway)  adjusting 
the  GNP  growth  rate,  of  the  Western  industrial- 
ized nations  somewhat  upward.  This  would  have 
led  to  conesponding  upward  adjustments  to  pro- 
jected growth  rates  under  SIMLINK  (due  to 
ihcreased  LDC  export  purchases  by  the  Western 
industrialized  nations).  CIA  experts,  on  the  other 
hand;  suggested  that  lower  average  annual  growth 
rates  would  be  more  likely  over  the  ney  dccace 
for  both  the  Western  industrialized  nations  and 

TABLE  H>-2 

Historical  and  Projected  Average  Annual  Real 
GNP  Growth  for  the  Western  Industrialized  and 
Socialist  Nations 


Historical 


Projected  " 


Country  Group 

1955- 
60 

70 

1971- 
75 

19-7- 
80 

1980^ 
85 

North  Amet  .a 
Western  turope 
Japan-Oceania 

3  2 

4  9 

7  h 

42 
4  7 
9  5 

2  4 
2  9 

5  0^ 

44 

3  7 

4  9 

4  0 

3  7 

4  9 

Total  Western 

industrialized 

4  1 

4.9 

2  7 

^  2 

4  0 

Socialist  countnes" 

6.0 

6  0 

'■'.r  ^,.u  -ICS  uwa  in  Che  bIMlINK  model  are  specified  for  each  ye^r 
be.ng  projtv.cd  ami  change  more  padualty  ch-n  ihe  average  arwu.l  rat's 
specified  ^  Che  table 

"  Medrum-growth  ca\e 

'  HistoncaJ  rates  dfe  not  readily  ^vdilabJe  on  a  comparable  basis 
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Figure  16-1.  Sequential  operation  of  the  SIMLINK  model. 


the  LDCs  *  Because  these  recommended  adjust- 
ments were  not  ciHisistent,  and  because  the  focus 
of  the  Global  2000  Study  was  not  directed  toward 
GNP  analysis,  the  original  WAES  projections 
were  not  adjusted  for  purposes  of  the  Study. 

The  degree  of  sensitivity  of  LDC  economic 
growth  rates  in  SIMLINK  to  changes  in  assump- 
tions  regarding  Western  industrialii^wd  growth 
rates  is  shown  in  Table  16-3.  These  changes  arise 


*  The  CIA  also  felt  that  the  Study  s  GNP  growth  rate 
figures  for  the  People's  Republic  of  China  and  for  a  few 
other  socialist  countnes  were  understated,  as  previously 
noted. 


from  the  model's  key  assumed  linkage  between 
LDC  economic  growth  and  LDC  foreign  trade 
earnings,  based  entirely  on  trade  with  the  Western 
industrialized  and  socialist  nations.  SIMLINK  is 
incapable  '^f  projecting  the  implications  of  the 
alternative  internal  LDC  developmental  strategies 
that  are  based  on  fa':tors  other  than  the  economic 
growth  rates  of  the  Western  industrialized  and 
socialist  nations.  As  previously  noted,  these 
growth  rates  affect  only  export  volumes  and  not 
export  prices  or  capital  flows. 

In  its  first  msyor  programming  block,  SIMLINK 
calculates  world  trade  volumes  for  a  wide  range 
of  primary  commodities  for  all  years  to  be  pro- 
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TABLE 

Projected  Average  Annual  Real  GNP  Growth  for 
the  High,  Medhun,  and  Low  Growth  Cases, 
!977-«5 

i  Percent  f 


Med. 

Med. 

High 

Med. 

Low 

vs. 

vs. 

High 

Low 

(1) 

(2) 

(3) 

(2)-{l) 

{2)-{3) 

Western 

industrialized 

countries 

4.8 

4.1' 

3  3 

-0  7 

0.8 

Socialist  countncs 

6  0 

6.0 

0.0 

0.0 

LDC  Groups  / 

India 

43 

3.8 

3.4 

-0  5 

0.4 

Other  South 

Asian 

countries 

5.8 

:o 

4.0 

-0  8 

1.0 

Low'irxome  Af- 

rica 

5.3 

4.8 

4.5 

7O.5 

0.3 

Lower-middle 

income 

7.6 

56 

4  5 

-2  0 

1  1 

Middle  mcome 

8.3 

64 

4.8 

-I  9 

1.6 

Upper-middie 

income 

5.8 

4.5 

3.4 

-  i  3 

1.1 

*  Th<4<  figure*  are  consistem  with  the  figure*  m  Table  16-1  that  were  caJcutated 
for  1975-85  to  correspond  to  the  presentation  of  GNP  projectjons  made  in 
Clupler  3  Because  SIM  LINK,  Version  VI,  prqfections  are  not  actually  made 
for  1975  and  1976  (becAuac  hiitoncai  ettinuitcs  were  available),  thote  yean  are 
omitted  n  Uiii  tabk  and  Uie  icveral  tablet  that  follow 


jccted,  based  in  many  cases  on  exogenous  projec- 
tions of  Western  industrialized  economic  growth, 
on  elasticities  of  demand  with  respect  to  these 
growth  rates,  on  exogenous  price  forecasts,  and 
on  other  variables.  However,  in  other  cases, 
commodity  trade  volume  projections  are  inde- 
pendent of  changes  in  any  exogenous  variable. 
For  example,  projections  of  the  production  of 
several  sig^icant  commodities  involve  only  basic 
compound  growth  formulas  with  the  following 
structure. 

Quantity,  =  Quantity,  ,  (L-f  compound  interest  rate) 
Thus,  trade  volumes"  in  many  minerals  and  metals 
(namely,  bauxite,  lead,  phosphate  rock,  silver, 
and  zinc)  are  collectively  projected  to  increase  at 
an  average  annual  rate  of  6.3  percent,  regardless 
of  variations  in  price  or  in  economic  growth  rates 
projected  for  the  industrialized  nations  or  thev 
LDCs.  Similarly,  timber  trade  volumes  are  com- 
pounded at  4.1  percent  annt  ally,  petroleum  at  2.8 
percent,  wheat  at  2.5  percent,  and  cotton  1.7 
percent,  regardless  of  changes  in  any  variables. 

While  these  projections  are  often  merely  sum- 
mary representations  ot  more  complex  interac- 
tions simulated  on  the  Bank's  commodities 
models  (which  are  confidential)  in  advance  of 
running  SIMLINK,  they  are  markedly  different 


from  many  of  the  growth  trends  in  trade  for  the 
same  commodities  reflected  in  the  Global  2000 
Study's  other  federal  agency  projections.  For 
example,  average  annual  growth  rates  in  woild 
consumption  of  aluminum,  lead,  phosphate  rock, 
silver,  and  zinc  for  the  1973-^5  period  arc  pro- 
jected at  only  4.4,  3.6,  4.4,  2.1,  and  3.4  percent, 
respectively,  for  the  Global  2000  Study,  all  of 
which  are  significantly  below  the  6.3  percent 
average  used  in  SIMLINK.  Crude  oil  export 
volumes  are  projected  to  increase  roughly  4  per- 
cent each  year  for  the,  l976-*5  period  (significantly 
above  SIMUNK's  2.8  percent  annual  growth  rate 
for  the  1977-85  period),  and  wheat  exports  are 
projected  to  increase  4. 1  percent  each  year  for  the 
1970-85  period  (also  significantly  above  SIM- 
LINK's  2.5  percent  for  1977-^5).  Since  most 
LDCs  tend  to  be  net  exporters  of  minerals  and 
metals  and  net  importers  of  food  and  fuel,  these 
volume  growth  adjustments,  if  made  in  the  SIM- 
LINK model,  might  significantly  lower  the  proj- 
ected foreign  exchange  earnings  of  the  LDCs, 
thereby  lowering  their  projected  economic  growth 
rates. 

The  exogenous  SIMLINK  price  projections  are 
also  significantly  different  from  other  price  projec- 
tions used  by  the  Global  2000  Study.  SIM- 
LINK's  mineral  and  metal  prices  are  higher; 
SIMUNK's  food  and  fuel  prices  are  lower.  If 
adjustments  were  also  made  to  the  exogenous 
commodity  price  projections  used  in  SIMLINK 
so  that  they  corresponded  to  the  project's  other 
projections,  the  projected  foreign  exchange  earn- 
ings and  resulting  growth  rates  for  the  LDCs 
wouki  be  lowered  still  further.  For  example,  the 
SIMLINK  projections  are  based  on  the  exoge- 
nous assumption  that  real  prices  for  copper  and 
tin  will  increase  by  roughly  5.2  and  2.5  percent 
per  year  (in  constant  dollars)  respectively,  during 
the  1975-85  period. 

In  contrast,  the  projections  developed  for  the 
Global  2000  Study  regarding  the  same  metals 
assumed  that  their  real  prices  will  remain  constant 
or  decline  over  the  same  period.  Conversely,  the 
SIMLINK  projections  are  based  on  the  exoge 
nous  assumption  that  petroleum  prices  will  remain 
constant  in  real  terms,*  while  the  projections 
developed  for  the  Global  2000  project  assumed  an 
increase  in  real  prices  of  5  percent  per  year 
beginning  in  1980.  The  SIMLINK  projections  are 
also  based  on  the  assumptiqn  that  projected  wheat 
prices  will  decrease  by  roughly  0.6  percent  per 

*  Bank  analysts  point  out  that  this  assumption  was  -nade 
because  the  Bank  dki  not  wish  to  appear  to  take  a  position 
with  regard  to  the  likelihood  of  potential  changes  in  petro- 
leum pnces,  It  was  not  necessarily  intended  as  a  forecast. 
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year  (in  constant  dollars,  calculated  using  a  5-year 
base  period),  whereas  the  projections  prepared  for 
the  Global  2000  project  assumed  an  increase  of 
roughly  2.1  percent  per  year  during  the  1970-85 
period. 

In  its  next  major  programming  block,  after 
calculating  world  trade  volumes  for  the  major 
primary  commodities  and  commodity  groups. 
SIM  LINK  calculates  the  demand  of  the  industrial- 
ized nations  and  the  soc'alist  bloc  for  LDC 
manufactured  goods  and  services.  These  calcula- 
tions are  based  on  exogenous,  historically  derived 
estimates  of  the  income  elasticities  of  demand  of 
each  group  of  industrialized  nations  for  manufac- 
^red  LDC  goods;  they  are  in  turn  used  with 
adjustments  to  calculate  demand  for  all  LDC 
exports  other  than  primary  commodity  exports 
and  are  the  same  for  all  three  growth  cases.  These 
assumed  elasticities,  in  conjunction  with  tht  pro- 
jected economic  growth  rates,  imply  that  the 
Western  indystrialized  and  socialist  nations  v^ill, 
comparea  lu  1975,  almost  double  their  imports  of 
LDC  manufactured  goods  by  1980  and  almost 
triple  those  imports  by  1985,  as  shown  in  Table 
1^.  What  this  would  imply  for  the  year  200O  is 
an  open  question.  Projected  growth  in  export 
volumes  of  manufactured  goods  for  each  LDC 
group  is  shown  in  Table  16-5. 

A  complex  set  of  additional  calculations,  which 
interact  as  part  of  the  same  programming  block,  is 
then  used  to  project  growth  rates  for  other  LDC 
exports,  which  are  individually  allocated  to  each 
group  of  LDCs  and  ^adjusted  to  reflect  terms  of 
trade.  Growth  rate  projections  for  each  of  the 
various  classes  of  LDC  exports  for  all  three 
scenanos  as  calculated  by  SIMLINK,  are  shown 
in  Table  16-6.  Projected  growth  in  export  earnings 


for  each  of  the  six  LDC  groups  for^the  medium 
growth  case  are  shown  in  Table  16-7.  Export 
growth  projections  for  each  of  the  various  classes 
of  LDC  exports  for  a  representative  LDC  group 
(the  lower-middle  income  group  for  the  medium 
growth  case)  are  presented  Table  16-8. 

in  its  final  block  of  programming,  SIM  LINK 
iteratively  on  a  year  by  year  basis  (1)  calculates 
the  level  of  imports  necessary  to  sustain  a  given 
level  of  GDP  v  ^h ,  (2)  compares  this  figure  with 
endogenoui^iy  p^  jected  available  export  earnings, 
plus  an  allowable  gap  (exogenously  specified) 
betwc^^n  import  and  export  earnings  (reflecting  the 
extent  to  which  projected  foreign  investment  cap- 
ital will  be  permitted  to  be  used  to  oft'set  the  gap), 
and  (3)  f^djusts  the  initially  given  level  of  GDP 
growth  as  necessary  and  returns  to  step  1  until  a 
stable  solution  is  reached  within  the  acceptable 
rarige  of  the  gap. 

In  a  strict  economic  sense,  the  **allowable  gap" 
just  referred  to  represents  an  estimate  of  projected 
**excess"  demand  rather  than  of  the  projected 
availability  of  foreign  capital.  Nevertheless, 
World  Bank  analysts  believe  these  estimates  are 
roughly  consistent  with  projected  flows  of  offi- 
cial and  private  capital  for  the  industrialized 
nations.  This  might  seem  to  imply  that  such 
capital  flows  are  assumed  by  SIM  LINK  never 
to  be  higher  or  lower  for  any  LDC  group  than 
the  LDC  group's  gap  on  current  account  be- 
tween import  expenditures  and  export  earnings. 
However,  bank  analysts  note  that  many  of 
the  other  parameters  used  in  SIMLINK  are 
denved  from  historical  experience  or  individual 
country  models  which,  in  many  cases,  may 
have  incorporated  other  capital  flow  assump* 
tions.  Representative  projections  for  the 


TABLE  16-4 

Projected  Demand  for  LDC  Exports  of  Manufactured  Goods 

(Penent) 


Country  Group       hlasticity  " 


Average  Annual  Economic  ^"""^  ^'S^!'}^ 

GrowMi*  Demand  for  LDC. 

Manufactured  Goods'^ 


Index  of  Imports  of  LDC 
Manufactured  Goods'^  ^ 


1977-80  J98(V«5 


l977-«0 


1 980-85 


1975 


1980 


1985 


North  Amenca 
Western  Europe 
Japan-Oceania 
Socialist 


5  5 
I  7 
I  5 
!  5 


44 

37 
4.9 
6.0 


4  0 

3  7 

4  9 
6  0 


154 
6.3 
74 
90 


1  000 


1  715 


2.848 


*  blastictly  (of  d«mMnd  for  I  tXT  exports  of  minuraciured  foodn)  wtih  lesprcl/b  economic  t^owth  This  feUslictly  is  projected  not  to  rhange  over  the  i977-<85  pcnod 
and  remains  unchanged  for  the  hifh.  medium  and  low  growth  cases 

*  Medium  growth  case 

S'MtINK  makics  use  of  an  aggregate  ind^'x  rather  than  regional  tndKes  This  index  ts  denved  from  the  regional  elasticities  and  growth  rates  presented  in  this  table, 
through  Cinnpkx  cakulations  involving,  in  addition  uther  LDC  exports  and  terms  if  trade  Thus,  according  to  Ba!nk  analysts,  it  would  be  misleading  to  present  in  thn 
table  the  chanfts  in  regional  shares  of  total  demand  for  LIK^  exports  of  manufacture i  goods  implied  by  ;ust  these  regional  elasticities  ^nd  growth  rates,  since  such 
cafeuiations  are  not  made  by  .SIMUNK 
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TABLE  16-5 

Projected  Average  Annual  Growth  of  Export  of 
LDC  Manufactured  Goods,  by  LDC  Group/ 
Medium  Growth  Case 

(Percent) 


LDC  Group 


1975-W 


1980^5 


India 

6.3 

7.1 

Other  South  Asia 

6.2 

7.0 

Low-inco|ne  Africa 

5.4 

7.5 

Lower-middle  income 

13.6 

10.8 

Middle  income 

12.7 

/  11.3 
/  5.4 

Upper-middle  income 

7.2 

•  A»  «MMind  tacoMUoi  doUan.  includiiit  •4»itim««»  to  reflect  the  effects  of 
mectedteraii  of  trade  t 

iower-middle  income  group  arc  presented  in  Table 

Crucial  to  this  sequence  of  calculations  is  the 
iterative  computation  of  LDC  import  expendi- 
tures, as  shown  in  Table  16-10. 

The  relationships  expressed  in  Equations  1-^  in 
Tatele  16-10  were  separately  estimated  for  each 
LDC  group,  based  on  historic  data  from  the  1965- 
75  period,  using  least-squares  linear  regression 
techniques.  They  are  based  on  the  assumpjiion 
that  the  ratio  of  incremental  units  of  each  kind  of 
import  psr  incremental  unit  of  GNP  is  fwed.  This 
n^ssarily  means  that  the  mix  of  incremental 
imports  of  capital  goods,  intermediate  goods,  fuel, 
services,  food,  and  consumer  goods  (as  measured 
in  constant  1975  dollars)  is  assumed  to  remain 
constant  for  each  group  of  LDCs  as  industrializa- 
tion progresses.  The  various  equations  shown  in 

^     Table  16-4i 

Projected  Average  Annual  Growth  of  All  LDC 
Export^  by  Type  of  Export* 

(Percent) 


1975-80 

1980^5 

High 

Med. 

Low 

Higii 

Med. 

Low 

Food 

2  3 

2  3 

2.3 

3.4 

3  3 

3  3 

Nonfood 

agricultural 

2.2 

2.0 

2  1 

2.3 

2  1 

20 

Minerals  and 

metals 

44 

3  9 

40 

4.5 

4.2 

4.0 

Petroleum  and 

fuels 

2.8 

2  8 

2  8 

2.8 

28 

2.8 

Manufactured 

goods 

12.6 

11  4 

10  i 

12.5 

10.7 

88 

Services 

96 

8.5 

74 

9.6 

8.1 

64 

Total  Primary 

Commodities'' 

29 

2  7 

2  7 

3  5 

3  3 

3.2 

"  Attested  to  reflect  the  effects  of  protected  termi  of  trMle 
*  iKhidet  food,  iwfifbod  ^KuJtnre.  and  mifwrali  sad  metaJt 
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TABLE  16-7 


Average  Annual  Growth  of  All  LDC  Exports,  by 
LDC  Group/ Med'  m  Growth  Case 


LDC  Group 

1977 

1980 

1985 

Average 
Annual 
Growth  in 
Earnings 
1977-85 

billions  of  constant  1975  dollars 

percent 

India 

5,979 

6,625 

8.970 

5.2 

South  Asia 

2.417 

2,856 

3,744 

5.6 

Low-income 

Africa 

2.923 

2,89*) 

3.508 

2.3 

Low-middle 

income 

18.358' 

21,600 

29,683 

6.2 

Middle  income 

^<>,856 

58,317 

89.167 

7.5 

Upper-middle 

income 

13,009 

15,576 

21,338 

6.4 

•  A4l««ed  for  projected  lertns  of  trade 

Table  16-10  can,  in  fact,  be  collapsed  into  the 
following  single  linear  equation: 

Total  required  imports  =  872.4  +  (.2824  x  GDP). 

While  SIMLINK  thus  assumes  that  each  of 
each  LDC  group's  import  components  will  be  a 
constant  linear  function  of  each  LDC  group's 
GDP,  SIMLINK,  as  previously  noted,  does  not 
assume  that  each  of  each  LDC  group's  export 
components  will  be  a  constant  linear  function  of 
each  LDC  group's  GNP.  The  import  component 
assumptions  thus  appear  to  imply  a  static  internal 
economic  structure  within  each  LDC,  whereas  tl^e 
export  component  assumptions  appear  to  imply 
internal  dynamic  change. 

Especially  critical  with  the  sequence  of  LDC 
import  calculations  shown  in  Table  16-10  is  the 
calculation  of  required  gross  investment  associ- 
ated with  a  given  level  of  total  GDP.  Although  it 
is  expressed  in  SIMLINK  as  a  constant  linear 
function  of  total  GDP  a  variable  incremental 
capital  output  ratio  (as  if  investment  were  ex- 
pressed in  this  model  as  ?  function  of  incremental 
GDP)  can  be  inferred  from  the  model's  results.* 
Such  an  incremental  capital  ratio  provides  a 
measure  of  the  implied  assumptions  regarding 
changes  in  the  productivity  of  investment  capital.. 
Specifically,  the  ratio  indicates  the  units  of  new 
investment  capital  associated  with  one  unit  of 


*  World  Bank  analysts  note  that  the  investment  relation- 
ships in  SIMLINK  for  the  1965->75  period  were  generally 
estimated  usirig  distnbuted  lag  formulations.  However, 
tliese  formulations  were  transformed  into  constant  linear 
functions  for  insertion  mto  SIMLINK.  Version  VI.  Pnor 
versions  of  SIMLINK  mcorporated  distributed  lag  formula- 
tions directly,  but  they  were  found  to  be  somewhat  unstable 
for  projections  beyond  1980  and  so  were  taken  out 
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TABLE  16-8 

Projected  Exports  for  LDC  Lower-Middle  Income  Group,  by  Type  of  Export,  Medium  Growth  Case 

Proportional  Mix 


Value  • 


Type  of  Export 


Average 
Annual 
cTrowth  in 


1977 

19S0 

,  1985 

1977 

1980 

1985 

Value* 

1977-85 

Food 

pen  ent 

hiUums 

uf  nmstunt  1975  dollars 

percent 

27 

26 

24 

5.0 

^5.6 

7.1 

4.5 

^Nonfood  AgricuttUrai 

16 

15 

13 

2.9 

3  2, 

3.9 

3.8 

'Minerals  and  Metals  , 

16 

17 

16 

2.^ 

3.7  ♦ 

4.8 

6.5 

Pttroieum  and  Fuels 

5 

6 

.  6 

9 

1.3 

1.8 

9.1 

Manufactures 

14 

16 

19 

26 

35 

5.6 

10.1 

Services 

22 

v72 

22 

40 

4.8  - 

^.5 

6.3 

TOTAL 

100 

102'' 

100 

.18.4 

21  6 

29.7 

6.2 

*  Docs  not  wm  to  lOO  due  lo  roLmling 

TABLE  16-4> 

SIMLINK  Calculations  for  the  Low-Middie  Income  LD^  Group,  Medium  Growth  Case,  1977^ 

iMilltnn\  (ff  Cnn\tartt  1975  V  S  dollars) 


Allowable 

Gap 
Between 
Imports 

and 
Exports' 


Unadjusted 
Export 

Eammgs*' 


Terms 

of 
Trade » 
Adjust- 
ment' 


1977 
1978 
1979 

1960 
1961 
1982 

1963  * 

1964 

1965 

Average  annual 
growth 
1977-60 
1980-^5 


4.325 
4,806 
4.734 

4.509 
4.572 
4.763 

4.842 
4,923 
4.805 


1.4^? 

1.3^/r 


18.304 
19.524 
21,075 

22,863 
24.621 
26.171 

28,039 
29.844 

32.087 


7.7^f 
7  QTf 


54 

-  634 
-1J25 

1.263 
-1.522 
-1,693 

-l.%5 
-2.195 
-2.404 


J3  T 


Adjusted 

Required 

Required 

Import 

GroJ»s 

Gross 

Gross 

Gross 

Export 

Expendi- 

Domestic 

Domestic 

Invest- 

Domestic 

Earnings'' 

tures' 

Product' 

Income" 

ment  " 

Savings' 

18.358 

22.6^3 

'77.69^ 

77^751 

17.749' 

13.424 

18,890 

23,696 

82.33? 

81.704 

19.002 

14.1% 

19.950 

24.684 

85.831 

84,706 

19.899 

15.164 

2  J  .600 

26.1^9 

90.882 

89.619 

21.195 

16,686 

23.099 

27.671 

96.418 

94.8% 

22.615 

18.044 

24.478 

29.241 

101.973 

100.280 

24,041 

19,278 

26.074 

30.915 

IO7I9OQ 

105.935 

25.561 

20.720 

27.649  ' 

32.572 

113.767 

111.573 

♦  27,067 

22,144 

29.683 

■  34.488 

120.54/ 

I!8.I44 

28.806 

24,002 

5  6^^  ^ 

.  4  8^r 

5  45 

4  9^ 

6  r/r 

7.57r 

6.6^r 

5.7^^ 

5  m 

5.77^ 

6.3^r 

7.5^^ 

foretyn  captul  Howik  World  Bank  anal>M%  b«liev*'  it  i 


technicaJly  reprcMi^tt  an  esiimate  of  projedied  "txc^W  demand  jather  than  of  the  profected  availability  of 
-  r^ni..^4  hv  ssiMi  iNif      «     ^  '  '"^^^^  conMtteni  ^%llh  projected  no*s  of  offic,*!  and  pfty.»te  .dp,ta]  from  the  indu^rialized  nations 

Cakulalcd  by  SIMUNK.  uung  exogenous  price  projections  and  endogenous  trade  models  ••-••vn, 
CalcuUied  by  SIMf  'NK.  Applying  different  inflation  indices  to  difre*reni  component's  of  LDC  ftnports  and  exports  - 
Cdctiialed  by  SIMUNK.  by  adding  terms  of  trade  at^usimenift  10  unvested  export  earnings 

^Lv  in  cofuunctiou  with  emulating  grow  domestic  product,  and  ihclu^tng  wHjusimenls  for  j>rt,j«:ted  lei^s  of  trade  A  GDP  growth  rate  1* 

^^"^  which  equate,  mipof1.nl  expenditures  lo  a«usted  export  eaminr  plus  the  aJk»*aSe  gap  between  imports  and  exports  (representing  foreiSJ^mvls^m 

'  Calculaled  by  SIMUNK.  as  par  of  the  process  of  calculating  import  expenditures  .  >' 
•Cafculatcd  by  SIMUNK  by  ^ing  terms  of  trade  adiuslmeni  looDP 

Required  gr»"invesimenl  -  a  on.l-nt  *  a  tockieni  .  OOP  Rnrl  of  ihis  mvestmentis  assumed 
to  come  fhim  foreign  sources,  as  represented  by  the  aJiowaMe  gap  between  imports  and  exports  »  invrsimeni  is  assumed 

'  Ell^^^s^Jkdf^  Hy«ibtfacting  foreign  investment  <.»  represented  by  the  allowable  gap  between  imports  and  eyorts)  from  Required  gross  investment 


additional  GDP.  In  the  case  of  the  lower^middle 
income  group,  it  falls  slightly  (from  4.6  to.  4.3) 
between  the  periods  1977-79  and  1983-85,  inclicat- 
ing  that  a  given  investment  can  be  thought  of  as 
producing  about  7  percent  more  incremental  GDP 
in  1985  than  m  1977  (in  constant  dollars).  For  the 
other  LDC  groups,  it  is  projected  to  decline 


anywhere' froiti  roughly  5  to  40  percent  over  the 
same  period,  indicating  that  m^or  increases  in  the 
prqductivity  of  investment  capital  are  assumed  for 
all  LDC  groups.  For  example,  the  GNP  projec- 
tions assume  that»  in  the  case  of  the  other  South 
Asian  LDC  group  (with  an  incremental  capital 
output  ratio  declining  from  roughly  2.9  to  1 .8),  a 
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TABLE  1^10 

Repmmuitivc  LDC  Import  CakulatkNis/  Lowcr-MkMIe  Income  Group,  Medium  Growth  Case 


Equation  /        Required  Gross  Ifiveslmeni 

1977  Esiimale  17,749'* 

l9«5Targeled«  30,575 

1995  Probable  28,805 

Equation  2.       Imports  of  Capital  Goods 

1977  Estimate  5,423 

1985  Targeted  «  9,140 

1985  Probable  7,911 
Equation  S       Imports  of  Intermediate  Goods 

1977  Estimate  5,654 

l985Targcted«  10,664 

1985  Probable  9,969 

Imports  of  Fuel 

1977  Estimate  2,561 

1985Targeted«  4,lJ8 

1985  Probable  3,902 
Imports  of  Services 

1977  Estimate  3,967 

1985  Targeted*  6,056 

1985  Probable  5,767 


Equation  4- 


Equation  5 


Equation  6: 


Equation  7: 


Imports  of  Fodd  and  Consumer 
Goods 

1977  Estimate  ,  5,171 

1985Targeted«  ^  6,793 

1985  Probable  6,569 

Total  Hfequired  Imports 

>977  EMimate  22,776 

:9831argctt.d<  36,868^  = 

1985  Probable  34,920  ^ 


a  constant 
-2,122.09 
-2,122.09 
-2,122.09 

a  constant 
186.6 
186.6 
186.6 

a  constant 
-2,170.3 
-2.170.3 
-2,170.3 

a  constant 
129.2 
129.2 
129.2 

a  constant 
703.7 
703  7 
703.7 


+     (a  coeffkient) 
.25656 
.25656 
.25656 

+    (a  coefficient) 
.2960 
.2960 
.2960 

+    (d  coefficient) 
1007 
.1007 
.1007 

+    (a  coefficient) 
.0313 
.0313 
.03  f  3 

+    (a  coefficient) 
.042 
.042 
.042 


a  constant 
3039.3 
3039.3 
3039.3 

sum  of  2-6,  above 
22,776 
36,868 
34,920 


(a  coefficient) 
.  .1563 
.1563 
-  .J563 


(gross  doHKStic  product) 
77.698'' 
127,446 
120.547 

(required  gross  investment) 
17,749 
30,595 
28,805 

(gross  domestic  product) 
77.698  ^ 
127.446 
120.547 

(gross  domestic  product) 
77.698 
127,446 
Pa547 

(gross  domestic  product) 
77,698 
127,446 
120,547 

(sum  of  2^,  above) 
13,638 
24,019 
22,584 


■  Don  HOC  iMkide  a^mtUMnl*  to  reflect  ilie  effect  of  projected  terms  of  tr»de 

*  ExOfCfioysly  citimsied.  not  caJcu^cd  by  SIM  LINK 

•  The  '  immtA'  ilguref  represent  the  cakuJauont  th«t  would  be  made  if  thtrt  were  iro  Imiit  lo  the  extern  lo  Which  import  cipenditures  could  exceed  export  earning* 


given  investment  can  be  thought  of  as  producing 
about  60  percent  more  incremental  GDP  in  1985 
than  in  1977  (in  constant  dollar$),t 

It  was  previously  pointed  out  that  one  m^or 
component  of  gross  investment,  namely  foreign 
investment,  was  exogenously  estimated  for  each 
LDC  group  in  terms  of  an  allowable  gap,  on 
r^urrent  account,  between  export  expenditures  and 
import  ,eamings.  In  the  case  of  the  lower-middle 
income  LDC  group,  as  can  be  seen  in  Table  16-9, 


t  World  Bank  analysts  note  that  the  uncerUtnties  surround- 
ing future  incremental  capital  output  ratios  are  compounded 
by  the  fact  that  for  several  iniddle^income  LDCs,  technolog- 
ical change  is  likely  to  afTegt  productivity  of  investment 
capital  in  ways  not  readily  dtducible  from  historical  experi- 
ence. To  this  extent,  project! oiu  of  future  incremental 
capital  output  ratios  must  necessarily  incorporate  significant 
sut^ective  jedgment. 


this  gap  i;ppresents  roughly  20  percent  of  annual 
gross  investment  and  accumulates  over  the  1977- 
85  period  to  about  35  percent  of  1985  GDP,  The 
other  major  component  of  gross  investment,  gross 
domestic  savings,  is  calculated  as  a  residual  figure, 
as  can  also  be  seen  in  Table  16-9.  Its  calculation 
as  a  residual  is  a  necessary  consequence  of  the 
structure  of  the  model,  which  considers  foreign 
exchange,  rather  than  savings,  capital,  or  labor, 
as  the  binding  constraint  limiting,  growth  in  the 
developing  world.  While  Bank  analysts  view  this 
as  a  serious  simplification,  since  the  model  is 
being  used  to  develop  projections  for  a  period 
during  which  deteriorating  terms  of  trade  and 
suboptimal  export  volume  growth  are  generally 
projected  to  squeeze  foreign  exchange  earnings, 
they  consider  it  to  be  acceptable  in  the  context  of 
the  types  of  analysis  for  which  the  model  was 
designed. 
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Several  government  agencies  have  existing  re- 
search programs  oh  climate  (National  Oceanic  and 
Atmospheric  Administration,  National  Aeronau- 
tics  and  Space  Administration,  National  Science 
FcM^lation);  others  fund  or  conduct  special  obse^ 
vation  and  analysis  programs  oi*  maintain  a  sub- 
stantial level  of  research  because  their  operations 
are  affected  by  variations  in  climate  (Department 
of  Defense.  Department  of  the  Interior,  Energy 
Research  and  Development  Administration).  An- 
other group  of  federal  agencies  are  user  or  policy 
agencies  with  interests  or  concerns  for  cUm^e 
and  climatic  fluctuations  but  little  or  no  climate 
research  effort  (Department  of  Agriculture,  De- 
partment of  Health,  Education,  and  Welfare, 
Department  (rf  State,  Department  of  Transporta- 
tion, Environmental  Protection  Agency). 

There  was,  therefore,  no  logical  place  to  turn 
for  climate  predictions  for  the  Global  2000  Study. 
Moreover,  it  soon  became  clear  that  there  is  a 
great  deal  of  disagreement  among  climatologists 
about  what  changes  are  likely  in  global  climate 
and  even  about  how  to  predict  such  changes. 

One  attempt  to  quantify  the  likelihood  of  signif- 
icant changes  on  the  basis  of  the  opinions  of 
leading  climatologists  is  being  made  in  an  »nterde- 
partmentar  research  project  conducted  by  the 
Research  Directorate  of  the  National  Defense 
University  (NDU)  in  Washington,  D.C.  The  study 
is  sponsored  jointly  by  the  Department  of  De- 
fense, the  Department  of  Agriculture,  and  the 
National  Oceanic  and  Atmospheric  Administra- 
tion. Technical  assistance  is  provided  by  the 
Institute  for  the  Future,  Menio  Park,  Califomiav 
The  project  is  guided  by  an  Advisory  Group 
drawn  from  a  cross  section  of  government  and 
civilian  agencies  and  institutions.  The  m^jor  objec- 
tives of  the  NDU  study  are  embodied  in  four 
tasks! 

•  Task  I:  To  defme  and  estimate  the  likelihood  of 
changes  in  climate  during  the  next  25  years,  and 
to  construct  climate  scenarios  for  the  year  2000. 

Task  11:  To  estimate  the  likely  effects  of 
possible  climatic  changes  on  selected  crops  in 
specific  countries,  and  to  develop  a  methodology 
for  combining  crop  responses  and  climate  proba- 
bUities  into  climate/crop  scenarios  for  the  year 
2000. 


Task  III:  To  evaluate  the  domestic  and  inter- 
national polky  implications  of  the  climate/crop 
scenarios,  and  to  identify  climatk:  variables  of  key 
importance  in  the  choice  of  polk:y  options. 

Task  IV:  To  transfer  the  climate/crop  research 
results  and  generalized  climate  response  method- 
ology  to  individuals  and  organizatk)ns  concerned 
with  the  consequences  of  climatic  changes  in 
fields  other  than  agriculture,  and  to  klentify  areas 
of  research  that  niight  refine  or  extend  the  findings 
of  the  first  three  tasks. 

In  February  1978  work  on  the  first  task  was 
completed,  and  the  results  were  published  as  a 
report.  Climate  Change  to  the  Year  2000.  The 
climate  scenarios  developed  in  tli^  NDU  study 
have  already  been  described  in  Chapter  4*  The 
methodology  used,  as  described  in  the  NDU 
icport,  is  as  follows. 

Key  Ajudytk  Methodology 

The  study  is  based  on  the  perceptions  of  future 
climate  made  by  a  panel  of  24  experts  bom  the 
United  States  and  six  other  countries.  Panelists 
'  were  selected  both  for  their  competence  in  clima- 
tology and  for  their  diversity  of  views.  Each 
panelist  was  asked  to  respond  to  a  set  of  questions 
about  climatic  factdrs,  including  variability,  over 
the  next  25  years,  to  assign  probabilities  to 
specific  climate  changes,  and  to  give  the  rationale 
for  their  answers.  Individual  res5)onses  were 
weighted  by  each  panelist's  expertise  as  rated  by 
himself  and  his  peers. 

This  was  a  first  attempt  to  have  a  group  of 
experts  address  a  common  set  of  questions  and 
express  their  judgments  of  climate  ^hanges  in 
terms  of  quantitative  probabilities,  rather  than  on 
a  ''what  if**  basis.  The  responses  were  aggregated 
into  five  possible  scenarios,  which  indicate  some 
broad  measure  of  the  likelihood  of  climate  change 
over  the  next  25  years. 

Basic  Principles  and  Components 

Atmospheric  models,  actuarial  experience,  and 
existing  theories  of  climate  are  inadequate  to  meet 
the  needs  of  policymakers  for  infomiation  about 
future  climate.  For  the  present,  there  is  no  choice 
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but  to  rely  on  expert  judgments— subjective  and 
contradictory  though  they  may  be— about  future 
worid  climate  and  its  effects  on  agriculture  and 
other  sectors  of  thf  economy. 

The  survey  method  (de^ribed  in  more  detail  in 
Chapter  ^)  was  chosen  as  the  best  means  of 
quantifying  such  judgments.  Its  purpose  is  not  to 
forecast  climate  change  nor  to  reach  a  consensus 
on  the  issue  of  how  climate  will  change  by  the 
year  2000,  but  to  portray  reasonable,  coherent, 
and  consistent  possibilities  for  world  climate  at 
the  end  of  the  century  and  to  put  plausible  bounds 
on  the  likelihood  of  the  occurrence  of  these 
possibilities. 

The  questionnaire  to  which  the  panelists  re- 
sponded dealt  with  10  climatic  variables  or  geo- 
graphic regions  of  interest: 

1.  Average  global  temperature  change 

2.  Average  latitudinal  temperature  change 

3.  Carbon  dioxide  and  turbidity 

4.  Precipitation  charge 

5.  precipitation  variability 

6.  Midlatitude  drought  and  persistence  of 
drought 

7.  Outlook  for  1977  crop  year 

8.  Asian  monsoorfs 

9.  Sahel  drought 

to.  Length  of  grpwing  season 

Each  of  the  10  involved  three  elements:  probabi- 
listic (or  equivalent)  forecasts  of  a  particular 
climatic  variable;  reasons  for  quantitative  est^i- 
mates;  and  self  and  peer  expertise  rating. 


Basic  Procedures 

Most  respondents,  as  well  as  some  of  the 
invited  panelists  who  declined  to  participate, 
voiced  some  degree  of  apprehension  or  concern 
about  the  questionnaire  and  the  use  (and  possible 
abuse)  of  the  information  derived  from  their 
responses.  These  concerns  centered  on  the  follow- 
ing issues: 

•  The  lack  of  sufficient  actuarial  experience, 
comprehensive  theories,  or  adequate  models  to 
Support  the  quantitative  estimates  given  in  the 
questions; 

•  The  possible  suppression  of  the  full  range  of 
uncertainty  accompanying  responses,  and 

•  The  risk  of  being  an  unwitting  party  to  "science 
by  consensus." 

the  NDU  project  team  gave  considerable  attention 
to  the  foregoing  concerns  in  analyzing  the  data 
and  aggregating  the  range  of  views — and  the 
expressed  qualifications — provided  by  the  re- 
spondents. 


The  following  comnients  by  panelists  reflect 
these  concerns: 

To  th^  best  of  my  knpwledge,  there  exist,  in 
general,  no  techniques  for  making  climate  fore- 
casts that  have  demonstrated  skill  in  the  sense 
that  the  forecasts  are  better  than  a  forecast  of  the 
long-term  average  statistics.  Knowledge  pf  even 
the  long-term  average  statistics  (means,  variances, 
extremes,  conditional  probabilities,  etc.)  would  be 
most  useful  foe  some  purposes,  but  even  this  data 
is  not  readily  available. 

I  think  that  the  strongest  message*  to  come  firom 
your  questionhaire  will  be  that  v  'ack  the  basis 
for  predating  even  the  grossest  as^'  cts  of  climate. 

We  possess  no  skill  for  forecasting  beyond  a  short 
period,  other  than  that  which  jmbabilities  based 
on  a  frequency  distribution  can  ^provide.  Only  a 
deterioration  of  climate  will  fire  the  imagination  of 
the'  experts.  Prophets  become  known  for  their 
prophecies  of  doom.  A  prophecy  of  status  quo  or 
miprovement  would  not  be  interesting. 

There  is  a  good  deal  of  guesswork  involved,  due 
to  uncertainties  about  feedback  mechanisms,  the 
importance  of  aerosols,  the  general  circulation  in 
the  atmosphere  and  oceans,  and  many  other 
factors. 

I  feel  that  one  of  the  most  important  outcomes  of 
your  study  could  be  a  clear  statement  of  our 
present  ignorance.  That  in  itself  should  clearly 
indicate  the  need  for  contingency  .plans. 

Self  anU  Peer  Ratings 

An  interesting  and  useful  feature  of  the  ques- 
tionnaire was  the  concept  of  self  and  peer  ratings. 
The  following  is  an  excerpt  of  the  instructions 
provided  at  the  end  of  each  question  and  designed 
to  assess  the  respondents'  expertise: 

Using  vi>e  self-ranking  definitions  provided  in  the 
instructions,  please  indicate  your  level  of  substan- 
tive expertise  on  this  major  question. 

5-4-3-2-1 
Again  using  the  self-ranking  guide,  please  identify 
those  other  respondents  whom  you  would  rate  as 
"expert  (5)''  or  **quite  familiar  (4)"  in  their 
answer  to  this  particular  question. 

The  categories  from  5  to  1  (expert,  quite 
familiar,  familiar,  casually  acquainted,  ahd  unfa- 
miliar) were  carefully  defined  in  the  questionnaire. 
Table  17-1  shows  a  sample  of  the  degree  of 
correlation  between  self  and  peer  ratings  for  five 
respondents  on  Question  I.  The  general  agreement 
between  self  ind  peer  ratings  is  fairly  evident  by 
a  scan  of  the  two  right-hand  columns  in  the  table. 
A  detailed  analysis  Of  the  correlation  between  self 
ratings  and  the  mean  of  peer  ratings  shows  it  to 
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Cornell^  Between  Self  and  Peer  Ratings 
(Examples  from  Question  D 


Frequency  of  Peer  Ratings 


Respondent 


Self 
Rating 


Expert 


Quite 
Familiar 


A 
B 

C 
D 
E 


Epert 
'Expert 
Quite  familiar 
Quite  familiar 
Familiar 


to 

4 


have  a  value  of  0.52  at  a  significance  level  of 
0.007.  This  is  considered  a  fairly  high  correlation. 

A  simple  averaging  of  self  and  peer  ratings  for 
each  '  spondent  on  each  question,  rounded  to  the 
nearest  integer  value,  provided  a  weighting  that 
was  subsequently  used  in  aggregating  responses. 
The  particular  weighting  scale  Wat  was  used  is 
shown  in  Table  17-2.  Levels  of  expertise  falling 
below  **familiar"  (*'casually  acquainted"  and  "un- 
familiar**) were  not  used  in  the  processing.  Of  the 
three  levels  shown  in  Table  17-2,  the  '^expert  ' 
category  was  weighted  twice  as  heavily  as  the 
**quite  familiar"  category  and  the  '*quite  familiar" 
was  weighted  twice  as  h^yiiy  as  'familiar."  In 
eflfcct,  this  reflects  the  largely  empirical  and  intui- 
tive notion  that  an  expert*s  opinion  is  worth  about 
twice  as  much  as  one  who  is  ''quite  familiar," 
which  in  turn  is  worth  twice  as  m^ch  as  an 
individual  who  is  ranked  as  'familiar"  with  a 
topic. 

Processfaig  of  Responses 

The  general  schema  for  processing  the  informa- 
^on  from  the  questionnaires  was  as  follows: 

•  Tabulate  each  respondent's  probability  density 
function  with  respect  to  change  about  a  partic- 
ular variable  at  a  given  time,  or  dtfiw  the 
probability  density  ninction  from  graphic^LiO:.^ 
formation  provided  by  the  respondent. 

•  Multiply  each  probability  density  function  by 
the  appropriate  expertise  weight  (as  described 
earlier). 

•  Add  the  weighted  density  functions  of  respond* 
ents. 

•  Divide  the  weighted  and  aggregated  density 
functions  by  the  sum  of  expertise  weights  to 
normalize  the  group  response. 

•  Combine  the  panefs  responses  on  each  climatic 
variable  into  a  set  of  scenarios  spanning  the 
range  of  uncertainty  or  range  of  conditions 

'  described  by  the  respondents. 

Question  I,  dealing  with  possible  changes  in 


global  mean  temperature  (used  here  as  equivalent 
to  amiual  me^  temperature  between  ff"  and  80^ 
north  latitude),  was  a  pivotal  question  because 
perceptions  of  global  mean  temperature  greatly 
.influence  perceptions  with  respect  to  the  climate 
variables  treated  in  subsequent  questions.  The 
question  is  based  on  Figure  17-1  a  plot  of 
historical  changes  in  annual  mean  temperature 
during  the  past  century.  Each  respondent  was 
asked  to  provide  three  estimates  of  the  future 
course  of  possible  changes  in  global  temperature 
to  the  year  2000.  The  first  estimate  was  to  be  a 
temperature  path  to  the  year  2000^  such  that  there 
was  only  1  chance  in  10  that  the  actual  path  could 
be  even  lower.  The  second  estimate  was  to  be  a 
path  with  an  even  chance  that  temperature  could 
be  either  lowe-  or  higher;  and  the  third  was  a  path 
based  on  1  chance  in  10  that  it  could  be  even 
higher. 

Figure  17-2  shows  a  sample  response  to  Ques- 
tion I  by  a  single  respondent.  Each  of  the  three 
estimates  could  be  drawn  in  any  functional  form 
desired.  Percentiles  of  10,  50,  or  90  can  be  read 
off  for  any  year  between  the  "present'*  (the  end 
of  the  plot  in  Fig.  17-1)  and  the  year  2000. 

The  processing  of  responses  wilf  be  illustrated 
using  the  ^swers  to  this  question  by  a  single 
respondent.  Figure  17-3  is  a  plot  of  the  informa- 
tion shown  in  Figure  17-2  for  the  year  2000, 
converted  to  a  cumulative  probability  ftinction,  in 
^hich  the  ends  of  the  function  have  been  ex- 
tended beyond  the  90th  percentile  and  below  the 
10th  percentile  in  a  linear  approximation.  For 
example,  the  respondent  has  indk:ated  a  10  per- 
cent chance  that  the  temperature  will  change  by 
0.04**  C  or  less,  a  50  percent  chance  that  it  will 
change  by  O.T  C  or  less,  and  a  90  percent  chance 
that  it  will  change  by  0.47**  C  or  less.  (These 
temperature  changes  are  in  relation  to  the  zero 
reference  base  period,  1880-84,  as  shown  in  Fig. 
17-1.)  Similar  values  can,  of  course,  be  obtained 
for  any  other  year  from  Figure  17-2. 

The  fiext  step  is  to  convert  the  cumulative 
probability  function  into  an  equivalent  density 
function  by  taking  the  fu^t  derivative  of  the  plot 
in  Figure  17-3.  Since  the  plot  consists  of  two 
straightline  segments,  we  have  basically  two  de- 

TABLE  17-2 

Converston  of  Expertise  Ranking  to  Weighted 
Scale 

Expertise  Weight 


Expert 

Quite  familiar 
Familiar 
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Fig«rt  17-1.  Global  temperatures;  historical  record  of  changes  in  annual  mean  temperature  during  the  past  century  for  the 
latitude  band  0**-80**N.  The  period  1880-84  is  the  zero  reference  base  {Mitchell,  National  Oceanic  and  Atmospheric 
Administration} 


FlgMra  17-2.  Sample  response  to  Question  t;  actual  example  of  a  single  response 
to  tbe  instructions  The  period  1880-84  is  the  zero  reference  base. 


o 

ERIC 


Figure  17-3.  Cumulative  probability  function  for  Questjon  I.  The  period  18^0-84  is  the  zero  reference  base. 


grees  of  freedom,  or  two  levels  in  the  densily 
function,  which  is  shown  in  Figure  17-4.  The  area 
under  the  curve  intercepted  \fy  any  particular 
temperature  range  is  equal  to  the  probability  of 
occurrence  of  that  particular  temperature  range, 
and  the  total  area  under  the  curve  in  Figure  17-4 
is  unity. 

'  Figure  17-5  shows  unweighted  xlensity  functions 
from  each  of  two  respondents.  The  two  functions 
are  next  weighted  by  the  appropriate  expertise 
weights,  added,  and  then  divided  by  the  sum  of 
the  weights  to  obtain  the  combined  and  normal- 
ized density  function  for  the  tw6  respondents. 
Again,  the  area  under  the  curve  of  this  combined 
and  normalized  density  function,  shown  in  Figure 
I7--6  la  equal  to  unity. 

The  procedure  outlined  above  was  repeated  for 
the  responses  of  each  of  the  other  panelists. 
Figure  17-7  is  a  plot  of  the  aggregated  normalized 
responses  of  the  fiill  panel  for  the  year  2000.  An 
analogous  procedure  yiefds  probability  density 
functions  of  mean  global  temperature  change  for 
the  years  1975,  1980,  and  J990.  The  information 
contained  m  the  probability  density  functions  is 
shown  in  Figure  17-^  as  extensions  to  the  curve 
in  Figure  17-1.  The  extensions  on  the  curve  show 
,the  lOlh,  50th,  and  90th  percentiles  for  each  year 
from  the  "present''  to  the  year  2000.  Intermediate 
percentiles  are  also  plotted.  Thus,  Figure  17-8  is 


a  {summary  of  the  aggregated  responses  of  the 
panelists  with  respect  to  global  temperature. 

In  aggregating  the  responses  by  the  method  of 
weighted  averages,  it  has  been  assumed  that  tke 
respondents  are  drawing  from  the  same  general 
information  base  and,  therefore,  that  their  infor- 
mation is  highly  dependent.  In  such  cases  of 
information  dependence  among  respondents,  it  is 
customary  to  use  the  method  of  weighted  averages 
to  £^gregate  responses.  All  responses  are  used 
and  weighted  by  the  respondents*  expertise  as 
perceived  by  themselves  and  their  peers.  The 
shape  arid  range  of  the  aggregated  curves  are  not 
acutely  sensitive  to  the  weighting  system  used. 
The  method  is  'conservative''  in  the  sense  that 
the  derived  probability  curves  tend  to  be  broad 
and  to  overstate  uncertainty  as  a  result  of  the 
additive  treatment  of  the  individual  subjective 
probabilities.  Had  the  responses  been  based  on 
independent  information,  a  multiplicative  treat- 
ment of  the  individual  probabilities  would  have 
been  more  appropriate,  and  the  derived  probabil- 
ity curves  would  have  shown  less  dispersion. 

Climate  Scenarios 

A  convenient  procedure  for  dealing  with  a  range 
of  uncertainty  when  it  is  not  possible  to  construct 
quantitative  models  is  through  the  u:.e  of  scena- 
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RgHt  17-4.  Equiviteni  deoiiiy  function  for  Quetlion  I.  The  period  1880-84  is  the  zero  reference  btie. 


FifM*  17-5.  Addini  two  d«niity  function*  for  Quettion  I.  The  period  1880-84  ii  the  zero  reference  bue. 
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FIgivc  17-6.  Normtlized  density  function  for  two  respondenU  to  Question  I.  The  period  1880-84  is  the  zero  reference  bue. 


rios,  which  may  be  considered  plausible  se- 
quences of  events  or  trends.  Scenarios  describe 
interconnections — perhaps  even  causal  processes — 
and  highlight,  where  possible,  decision  points.  In 
a  sense,  a  scenario  is  a  possible  ''slice  of  future 
history.**  > 

CohstriKting  Scenarios 

In  the  present  instance,  since  responses  on 
global  temperature  are  pivotaJ  in  setting  the  stage 
for  other  climate  variables,  the  plot  in  Figure  17-7 
can  be  used  as  a  basis  for  dividing  the  perceived 
temperature  range  into  a  number  of  categories. 
These  categories  then  become  the  bases  for  con- 
structing scenario  s.  The  number  of  categories  (and 
scenarios)  is,  in  a  sense,  arbitrary  and  can  be 
three  or  five  or  even  a  larger  number,  if  desirable. 
Table  17-3  shows  the  perceived  temperatiire  range 
divided  into  five  categories.  They  range  from  large 
global  cooling  to  large  global  wanning.  Associated 
with^each  temperature  range  is  a  probability  of 
occurrence  where,  in  fact,  the  temperature  ranges 
were  selected  to  make  these  probability  ranges 
symmetrical. 

In  order  to  process  information  with  respect  to 
other  climate  variables,  it  is  useful  to  group 
respondents  with  respect  to  these  five  temperature 


TABLE  17-3 
Definition  of  Temperature  Categories 


Temperature 
Category 


Change  in  Mean  North- 
em  Hemisphere  Temper- 
ature from  Present'  by 
the  Year  2000 


Probability 


Large  cooling 

0.3X  to  1.2X  colder 

0.10 

Moderate  cooling 

0.05*^0  to  0  rC  colder 

0.25 

Same  as  last  30 

0.05'C  colder  to  0.25°C 

years 

warmer 

0.30 

Moderate  warming 

0.25°C  to  0.6X  warmer 

0.25 

Large  warming 

0  6T  to  I.8T  warmer 

0.10 

*  Present"  temperature  is  defined  m  (he  end  point  on  the  graph  in  Figure  t7. 
ihe  average  lemperalure  for  the  5-ycar  pepod  ending  in  1969  ^ 


ranges,  according  to  where  the  bulk  of  each 
respondent's  probability  density  function  lies.  Ta-^ 
ble  17-4  is  a  matrix  showing  each  of  the  fivd 
temperature  categoriofi  arrayed  as  rows  and  the  19 
respondents  in  five  groups  arrayed  as  columns  of 
the  matrix.  Note  in  the  table  that  the  bulk  of  each 
grou))*s  probability  density  functions  lies  along  the 
diagonal  element  of  the  5x5  matrix  (one  respond- 
ent at  each  end,  three  and  four  at  the  intennediate 
ranges,  and  10  in  the  middle  range). 

The  results  of  the  infom[\ation  collected  under 
Task  I  h    '  been  embodied  in  a  set  of  five 
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FIgM  17-7.  Probibility  of  mean  Northern  HemUphere  temperature  change  by  the  year  2000  u  determined  by  the  panel  of 
climatic  experU.  Scale  A  is  based  on  the  period  1880-84  as  the  zero  reference  base  (see  Fig.  17  *V  Scale  B  is  based  on  the 
period  1965-69  u  the  zero  reference  base  (see  the  end  point  on  Fig.  M). 


scenarios  described  in  Chapter  4  of  this  volume.* 
The  scenarios  are  labeled  in  accordance  with  the 
global  temperature  categories  in  Table  17-3.  One 
purpose  is  to  provide  an  integrated  summary  of 
perceptions  of  climatologists  on  climate  change 
and  variability  to  the  year  2(K)0.  An  equally 
important  purpose  is  to  provide  a  point  of 
departure  for  structuring  questions  in  Task  II  and 
to  trace  the  impact  of  such  possible  climatic 
changes  on  food  ^  rniuction  and  on  the  choice  of 
policy  options. 

The  procedure  for  creating  scenarios  corre- 
sponding to  the  tive  global  tempeiature  categories 
is  as  follows: 


*The  responses  to  Question  V!!,  'Outlook  for  1Q77  Crop 
Year/*  are  not  mcluded  in  the  scenarios. 


•  Each  respondent  is  fu'st  assigned  to  a  global 
temperature  category,  as  described  in  Table 
17-4. 

•  Responses  within  each  temperature  category 
are  combined  for  all  other  climatic  variables 
(except  for  precipitation  and  precipitation  vari- 
ability, where  all  response?  verc  availablet). 

•  Responses  are  integrated  into  a  narrative,  sup- 
ported by  sununary  tables. 

The  processing  steps  for  Questions  11  througli 
X  are  identical  to  those  for  Question  I  except  that, 
of  course,  in  these  other  instances,  density  func- 


tFor  questions  on  precipitation  and  precipitation  variabttity 
oniy,  mformation  was  obtained  from  each  respondent  based 
on  conditional  assumptions  with  respect  to  global  tempera- 
ture. 
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Fifure  l7-«.  Probability  of  mean  Northern  Hemisphere  temperature  change  to  the  ^^r  2000  as 
determined  by  the  panei  of  climatic  experts  The  period  1880-84  is  the  zero  reference  base 


TABLE  17-4 

Percentage  of  Grouped  Probability  Densities 
Lying  in  Each  Temperature  Category 


Temperature 


Number  of  Respondents 


Categones 

1  3 

10 

4 

1 

Large  cooling 

99  12 

2 

Moderate  cooling 

t  68 

24 

\r 

Same  as  last  30  years 

^  20 

52 

31 

Modei'ate  warming 

22 

44 

20 

Large  warming 

15 

80 

tions  or  equivalents  are  provided  directly  by  the 
respondents  and  need  not  be  derived  through  the 
use  of  cumi^^tive  probability. 

The  sequence  of  steps  is  illjstrated  by  using 
Question  Vi,  which  concerns  midlatitudc  drought. 
Table  17-5  illustrates  how  responses  for  one  of 
the  time  periods  (i.e.,  1991  to  the  year  2000)  were 
wrightcd  and  agt  ^ted  in  the  Moderate  Warm 
ing  scenario.  The  process  outlined  for  Question 
VI  is  repeated  for  each  of  the  other  question*^ 


TABLE  17-5 

Frequency  of  Drought  in  U.S.  in  1991-2000 

Respondents 
Assigned  to 


Moderate 

Infre- 

Warming 

Expertise 

Frequent  Average 

quent 

A 

3 

0.25  0.50 

0.25 

B 

3 

0.60  0.20 

0.20 

C 

5 

0  60        0  20 

0.20 

Weighted  average 

0.54  0.25 

0.2t 

Neture  of  Scenarios 

Each  scenario  seeks  to  describe  average  cli- 
nratic  conditions  as  they  might  exist  in  a  period  of 
years  around  2000  ad.  The  conditions  do  not  refer 
specifically  to  that  year;  its  climate  is  likely  to 
differ  from  the  scenario  projection  to  an  extent 
consistent  with  normal  year  to  year  climate  varia- 
bility. Some  indication  of  the  course  of  climate 
changes  between  the  present  time  and  the  end  of 
the  century  ij»  also  given  in  the  narrative  and  in 
the  tables  appended  to  each  scenario. 
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Each  scenario  is  assigned  a  "probability  of 
scenario."  This  probability  is  a  derived  value 
based  on  the  panelists'  probabilistic  temperature 
forecasts  and  a  weighting  scheme  to  take  into 
account  eath  respondent's  expertise  as  rated  by 
himself  and  his  peers.  Therefoi?,  it  reflects  the 
range  of  judgments  expressed  by  the  climate  panel 
and  the  strengths  of  their  beliefs,  as^  well  as  their 
level  of  expertise.* 

This  probability  should  not  be  construed  as  the 
likelihood  that  the  total  scenario  will  actually 
materialize  in  the  future.  The  correct  interprei^^- 
tion  of  the  ^^probability  of  scenario"  involves  the 
following  considerations: 

The  ^^probability"  is  essentially  a  measure  of  the 
confidence,  expressed  collectively  by  the  climate 
panel,  that  the  global  temperature  change  be- 
t\  een  circa  1970  and  circa  2000  will  lie  in  the 
range  indicated  by  the  scenario.  This  measure  of 
confidence  bears  an  unknown  relationship  to  the 
probability  that  the  scenario  will  actually  occur. 
It  was  assumed  that  the  global  temperature  change 
indicated  by  the  scenarios  has  a  negligible  proba- 
bility of  being  greater  than  -fl.S^C  (the  upper 
limit  of  Large  Warming)  or  less  than  -1.2°  C  (the 
lower  limit  of  I^e  Cooling).  In  this  respect,  the 
five  scenarios,  taken  together,  are  consir^ered  to 
bracket  all  realistic  outcomes — i.e.,  the  probabili- 
ties of  the  five  scenarios  sum  to  unity. 

Details  are  given  in  each  scenario  which  elaborate 
on  the  scenjirio  in  respects  other  than  stipulated 
gl'^bal  temperature  change.  These  are  considered 
by  the  climate  panel  to  be  reasonable  inferences 
?|KJat  future  climatic  developments  that  are  con- 
sistent with  the  global  temperature  change.  These 
details  by  no  means  exclude  other  possible  devel- 
opments. Hence,  they  are  not  necessarily  to  be 
construed,  individually  or  in  combination,  as  hav- 


*A  ••probability"  of  0  25.  for  example,  does  not  mean  that 
there  was  universal  agreemenr  that  the  scenano  in  question 
would  occur  with  probabihty  0  ?5  Nor  does  it  mean  that  25 
,  percent  of  the  panehsts  •'voted"  for  that  particular  temper- 
ature change  to  the  exclusion  of  other  changes  Roughly 
speaking,  the  •probability  0  25"  is  an  amalgam  of  the 
proportion  of  panelists  who  gave  some  credence  to  that 
particular  temperature  change,  the  strength  cf  their  individ- 
ual ••beliefs"  in  the  change  (their  individual  probabilities  of 
occurrence)  and  their  i.ndividual  expertise 


ing  a  probability  as  high  as  that  indicated  for  the 
scenario  as  a  whole.  Conditional  probability  infor- 
mation, given  in  the  tables  included  with  each 
scenario,  can  be  combined  with  the  overall  prob- 
ability of  the  scenario  to  assess  the  absolute  level 
of  confidence  to  be  placed  in  futu'-e  events  speci- 
fied in  the  sc  larios.  For  example,  one  can  find 
the  overall  '  probability''  of  a  specified  event 
(e.g.,  "frequent"  drought  in  the  U.S.  for  the 
period  1991-2000)  by  first  calculating  for  each 
scenario  the  product  of  the  "probability''  of  the 
scenario  and  the  conditional  probability  of  the 
event  for  that  scenario,  and  then  summing  the 
products  for  all  five  scenarios. 

Validation 

In  June  1977,  the  project  Advisory  Group 
recommended  that  an  ad  hoc  panel  review  early 
drafts  of  the  fivt  scenarios  for  internal  and  mutual 
consistency.  Accordingly,  project  staff  met  in  July 
with  six  climatologists  at  the  National  Center  for 
Atmospheric  Research  at  Boulder,  Colorado.  The 
reviewers  paid  particular  attention  to  the  large  and 
moderate  warming  and  cooling  scenarios,  i.e., 
those  constructed  from  the  smaller  data  bases. 
The  details  and  the  conditional  probabilities  of 
these  end  scenarios,  therefore,  reflect  the  judg- 
ments of  more  people  than  the  limited  number  of 
panelists  who  re^^ponded  to  the  questionnaires 
along  the  lines  of  these  scenarios.  The  review 
process,  which  essentially  strengthened  the  data 
bases  of  the  end  scenarios,  resulted  in  significant 
changes  to  only  one  of  them,  the  Large  Global 
Cooling  scenario. 

Documentation 

The  NDU  study  is  described  m  detail  m  its 
report  on  the  results  of  Task  I,  Climate  Chuni^e 
to  the  Year  2iMK),  from  which  the  above  descnp- 
tion  of  the  methodology  used  in  analyzing  re- 
sponses to  the  questionnaire  was  taken.  The  NDU 
report  also  includes  the  questions  used,  a  discus- 
sion of  the  scenarios  and  climatic  probabilities, 
and  a  summary  of  the  number  of  responses  and 
average  expertise  ratings  for  each  of  the  que, 
t:ons, 
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T.  ?  Foreign  Demand  and  Competition  Division 
of  the  Department  of  Agriculture  s  Economics, 
Statistics,  and  Cooperatives  Service  is  responsible 
for  preparing  the  federal  government's  projections 
of  long-term  food  supply  and  demand  throughout 
the  world,  in  order  to  assist  in  the  formulation  and 
execution  of  U.S.  agricultural  and  trade  policy. 

Key  Analytic  Methodology 

Department  of  Agriculture  projections  of  long 
term  worid  food  production,  consumption,  and 
trade  are  made  with  the  assistance  of  a  computer- 
based  static  equilibrium  model  known  as  GOL 
(because  it  deals  with  the  worid' s  grain,  oilseed, 
and  livestock  economy).  Although  the  GOL 
mod'l  is  viewed  by  the  Department  as  merely  one 
mathematical  model  anfK)ng  several  available  for 
analyzing  future  agricultural  prospects,  it  is  the 
only  Dpp?!tmental  model  capable  of  analyzing 
broad  issues  regarding  worid  food  prospects 
relatively  detailed  commodity  and  regional  terms. 
For  the  purposes  of  the  Global  2000  Study,  three 
additional  submodels  were  used  by  the  Depart- 
ment to  provide  projections  of  arable  area,  total 
food  production  and  consumption,  and  fertilizer 
use.* 

The  GOL  Model 

The  present  GOL  model,  developed  in  1974  by 
a  team  of  economists  and  requiring  the  equivalent 
of  about  seven  years  of  full-time  effort,  was  one 


*Thc  various  Department  of  Agriculture  projections  pre- 
pared for  the  Global  2000  Study  are  not  necessanty  the 
same  as  the  |>.^iectK)ns  published  by  the  Department  for 
specific  food  products  or  regions,  which  a*^  often  developc^QT 
utilizing  different  assumptions  ano  incorporating  outpur 
from  other,  more  detailed  models.  However,  because  the 
parameters  used  in  the  GOL  model  are  based  in  large  part 
on  the  outputs  of  tho%  other  models,  adjusted  judgmentally 
by  commodity  and  regional  specialists  within  the  Depart- 
ment, the  GOL  projections  are  considered  by  Department 
analysts  to  be  essentiailly  consistent  with  projections  devel- 
oped using  other  Departmental  models.  Because  the  addi- 
tional projections  developed  using  the  three  submodels  were 
derived  directly  from  the  GOL  model's  projections,  and 
especially  because  they  were  subsequently  reviewed  and 
adjusted  (as  appropriate)  by  Department  experts,  they  are 
also  considered  by  the  Department  to  be  essentially  consist- 
ent with  other  Departmental  projections 


of  the  Crst  static  equilibnum  models  to  take  into 
account  the  broad  range  of  feed-livestock  relation- 
ships at  the  regional  and  worid'  level.  It  was 
specifically  designed  to  link  the  grain-oriented 
food  economies  of  the  developing  regions  with  the 
livestock-oriented  food  economies  of  the  indus- 
trialized regions  in  a  more  complete  and  consistent 
manner  than  had  been  done  in  the  past.t 

In  the  fall  of  1974,  an  early  draft  of  1985 
regional  projections  produced  by  the  GOL  model 
was  made  available  to  the  Worid  Food  Confer- 
ence in  Rome.  Formal  publication  of  the  projec- 
tions followed  in  December,  These  projections 
showed  that  over  the  next  decade,  the  worid 
could  produce  enough  grain,  oilseed,  and  livestock 
products  at  reasonable  prices  to  supply  the  largely 
cereal  diet  of  the  developing  world  and  meet  a 
moderately  rising  feed  demand  in  the  industrial- 
ized nations.  They  were  used  (in  coi\junction  with 
other  projections  and  analyses)  by  the  Secretary 
ci  Agriculture  to  support  his  views  favoring  the 
linuUiig  of  government  intervention  in  the  domes- 
tic and  worid  food  maikets  and  questioning  the 
need  for  an  extensive  system  of  international 
reserves  4 

tThe  Departments  Economics.  Statistics,  and  Cooperatives 
Service  has  prepared  extensive,  official  documentation  of 
the  GOL  model  under  the  title.  Alternatne  Futures  for 
World  Food  in  1985  by  Anthony  Rojko.  et  al.  Volume  1. 
entitled  World  GOL  Model  Anahtic  Report,  was  published 
in  April  1978  as  Foreign  Agricultural  Economic  Report 
Number  146.  Volume  2,  entitled  World  GOL  Model  Sttpph- 
Dtstrtbutton  and  Related  Tables,  and  Volume  3,  entitled 
World  GOL  Model  Structure  and  Equutuws,  were  pub- 
lished, respectively,  in  May  and  June.  1978.  and  given 
report  numbers  149  and  151.  Volume  4.  the  final  volume,  is 
expected  to  be  published  in  the  fall  of  1978  under  the  title. 
World  GOL  Model  V\er%  MutmoL 

tThe  U.N.  Food  and  Agriculture  Organization  (FAO)  con- 
tinues to  express  concern  (e.g..  in  a  recent  press  release 
issued  by  the  FAO  in  conjunction  with  its  1977  Biennial 
Conference),  that  the  world  food  situation  remains  fragile, 
and  that  there  arc  no  grounds  for  complacency.  According 
to  the  Conference,  world  food  production  appeared  to  have 
risen  by  only  1.5  percent  during  1977,  or  by  less  than  the 
population  growth  of  nearly  I  percent  The  Conference  was 
especially  concerned  that  progress  in  production  had  been 
slowest  in  Afnca  and.  in  general,  in  the  poorest  developing 
regions,  where  food  needs  are  the  greatest.  The  Conference 
noted  that  this  had  widened  the  gap  not  only  between  the 
industnahzed  and  developing  countries  but  also  between  the 
better  and  worsc-off  developing  countries. 
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— -Siocfi  then,  the  repon><;perifir  mnHMc  that  |>aK. 
vide  parameter  estimates  used  by  the  GOL  model 
and  the  GOL  model  itself  have  been  significantly 
enhanced,  and  the  GOL  model  has  been  used  to 
examine  a  broad  range  of  issues  for  various 
federal  agencies.  For  example,  the  model  has 
been  used  to  analyze  the  potential  impact  on 
international  food  trade  of  various  U.S.  agricul- 
tural parity  pricing  policies  and  to  analyze  the 
potential  impact  of  alternative  assistance  programs 
for  the  U.S.  Agency  for  International  Develop- 
ment. 

In  its  present  form,  the  GOL  model  consists  of 
930  econometric  equations  (^-mbodying  economic, 
physical,  and  policy  variables),  which  are  solved 
simultaneously.  A  matrix  generator  facilitates  data 
input  and  a  report  writer  presents  results.  The 
equations  are  specified  and  solved  using  the  MPS- 
3  programming  language,  and  all  programs  are 
executed  on  an  IBM  370/168  computer.  The 
program  produces  approximately  30  tables  con- 
taining basic  data  on  supply  and  distribution, 
prices,  per  capita  production  and  consumption, 
and  growth  rates,  as  well  as  special  summary 
tables. 

Rans  to  incorporate  major  improvements  into 
the  model  are  currently  under  review.  A  second- 
generation  model  has  been  planned,  and  so;ne 
sections  are  currently  under  development  (e.g., 
market  studies  of  the' British,  Iranian,  and  Vene- 
zuelan economics).  Areas  targeted  for  improve- 
ment over  the  next  3-4  years  include: 

•  Expanding  coverage  of  the  worid's  agricultural 
economy  (e.g.,  bvestock  specifications  are  ab- 
breviated for  many  developing  countries;  water, 
fertilizer,  pesticide,  and  herbicide  are  treated 
exogenously,  products  such  as  tiopical  fruit  and 
vegetables,  starches,  fish  for  human  consump- 
tion, and  certain  other  products  are  completely 
omitted  in  the  first-generation  model). 

•  Endogenizing  to  a  greater  zxXenX  measures  of 
macroeconomic  feedback  (e.g.,  the  potential 
impact  of  changes  in  foreign  exchange  positions 
on  commodity  trade  and  economic  growth, 
which  are  now  treated  exogenously). 

•  Building  in  recursive,  dynamic  behavior  (e.g  , 
because  this  is  a  static  equilibrium  model, 
output  IS  limited  to  measuring  net  long-term 
adjustments;  the  model  can  say  little  about  the 
year  to  year  adjustments  needed  to  reach  the 
solutions  calculated  for  1985  or  2000). 

The  Thm  Submodels 

The  three  submodels  (related  to  arable  area, 
total  food  production  and  consumption,  and  ferti- 
lizer use)  were  developed  in  late  1977  for  use  in 


— IhSL  Global  2000  Study^  TJie^  were  not  pro- 
grammed for  automated  execution.  Because  they 
were  developed  rapidly  (in  approximately  three 
weeks)  to  meet  specific  needs,  there  are  no 
present  plans  to  refine  or  extend  their  use,  al- 
though alternative  approaches  to  projecting  the 
same  variaWes  are  under  consideration  by  the 
Department  of  Agriculture. 

The  arable  area  submodel  was  based  on  equa- 
tions for  each  of  27  regions  with  reliable  historical 
data.  These  equations  define  total  arable  area  as  a 
function  of  GOL  and  non-GOL  product  prices, 
trend  growth  in  the  extent  of  arable  area,  and 
estimates  of  maximum  potential  arable  area.  The 
arable  area  equations  were  solved  independently 
of  each  other,  using  projections  developed  by  the 
GOL  model. 

Tiie  total  food  production  and  consumption  , 
submodel  was  based  on  region- specific,  supply 
and  demand  equations  for  products  not  covered 
in  the  GOL  model.  These  equations  defined  the 
production  and  consumption  of  non-GOL  prod- 
ucts in  terms  of  histoncal  relationships  between 
GOL  and  non-GOL  products.  The  production 
levels  calculated  for  non-GOL  products  (using  the 
non-GOL  supply  equatioas)  were  checked  against 
the  production  levels  implied  by  the  residual 
arable  area  for  non-GOL  crops  (calculated  as  the 
difference  between  total  arable  area  and  arable 
area  used  for  GOL  crops)  times  trend  growth  in 
non-GOL  product  yields.  The  consumption  levels 
calculated  for  non-GOL  products  (using  the  non- 
GOL  demand  equations)  were  checked  against 
historic  income  and  pnce  relationships  and  chang- 
ing taste,  and  in  all  cases  were  found  to  be  within 
one  standard  error  of  the  trends  in  the  historic 
data.  Each  set  of  region-specific,  supply  and 
demand  equations  was  solved  independently  of 
the  other  sets  using  projections  developed  by  the 
GOL  model 

The  fertilizer  use  submodel  was  based  on  re- 
gion-specific equations  defining  fertilizer  use  in 
relation  to  total  food  prixluction  and  on  combined 
time-series  and  cross-sectional  input-output  rela- 
tionships. These  were  also  solved  independently 
of  each  other  using  projections  from  both  the 
GOL  m(xlel  and  the  total  food  production  sub- 
model. 

Basic  Principles 

The  GOL  Model 

As  previously  noted,  the  purpose  of  the  GOL 
model  is  to  generate  projections  of  worid  produc- 
tion, consumption,  trade,  and  pnces  of  grain, 
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oilseed,  and  livestock  products  to  1985  and  2000. 
The  model's  emphasis  is  on  capturing  the  interac- 
tion of  the  predominantly  cereal  economies  of  the 
developing  world  with  the  livestock  economies  of 
the  industrialized  worid  as  they  compete  for  the 
worid's  agricultural  resources.  The  calculations  of 
the  three  submodels  that  expand  this  analysis  to 
consider  a^We  area  usage,  total  food  production 
and  consumption,  md  fertilizer  use  are  made 
subsequent  io  executing  the  GOL  model  and  thus 
do  not  influence  its  calculations. 

The  GOL  model's  main  strength  lies  in  its 
scope,  coupled  with  its  level  of  commodity,  re- 
gional, and  price  detail.  For  example,  the  model 
includes  variables  that  simulate  competition  for 
resources  across  the  crop  sector  and  competition 
among  consumers  for  different  crops  for  food  and 
tted  use.  It  incorporates  physical  input-output 
rates  in  its  feed  and  livestock  sector  and  crop 
sectors.  It  differentiates  in  its  regional  detail 
between  producing  and  consuming  regions  as  well 
as  between  regions  at  different  economic  growth 
and  -ncome  levels.  However,  because  the  GOL 
model  draws  heavily  on  earlier  models  that  fo- 
cused more  exclusively  on  grain,  the  model  tends 
to  emphasize  grainji,  while  livestock  products 
receive  less  coverage. 

One  of  the  GOL  model's  main  weaknesses  is 
that  it  is  a  static  'equilibrium  model.  Changes  over 
lime  in  such  dynamic  factors  as  population  and 
income  growth  are  calculated  exogenously  in 
advance  of  running  the  model  and  are  thus  not 
influenced  by  the  calculations  of  the  model.  More- 
over, the  model's  static  equilibriiim  projections 
for  a  given  year  are  independent  of  its  projections 
foi  uiiy  other  year  and  may  be  inconsistent  with 
those  projections.  In  addition,  static  equilibrium 
models  are  incapable,  by  their  very  nature,  of 
•capturing  aspects  of  market  behavior  that  are 
fundamentally  in  a  stale  of  dynamic  disequilib- 
rium. 

The  930  equations  in  the  GOL  model  reflect  not 
only  physical  variables  and  economic  behavioral 
patterns,  but  also  reflect  institutional  settings, 
policy  constraints,  and  changes  in  consumption 
preferences.  The  model's  region-specific  equations 
may  be  thought  of  as  constituting  28  interactive 
regional  submodels  of  widely  varying  size  and 
complexity  ranging  from  as  few  as  40  to  over  100 
equations.  Economic  activity  between  regions  is 
related  by  explicitly  incorporating  international 
trade  quantity  and  pnce  variables,  which  m*  >i  be 
consistent  for  each  commodity,  and  by  requiring 
world  production  and  consumption  volumes  for 
each  commodity  to  balance.  For  the  Global  2000 
Study,  stock  adj  istments  were  assumed  to  equal 


zero  for  all  commodities,  i.e.,  worid  grain  reserves 
do  not  increase  to  keep  pace  with  changes  m 
worid  population. 

A  wide  range  and  large  number  of  assumptions 
are  incorporated  into  the  28  interactive  regional 
submodels.  These  assumptions  are  clearly  distinct 
from  conclusions  based  on  the  GOL  model's 
calculations.  Some  of  the  most  critical  or  repre- 
sentative assumptions  are  cited  below: 

•  No  miyor  wars,  natural  disasters,  or  changes  in 
the  existing  international  economic  system  are 
assumed  to  occur  (other  than  petroleum  pnce 
increases).  This  is  because  such  changes  could 
only  be  arbitrarily  projected  and  would  com- 
pletely overshadow  the  historical  relationships 
on  which  the  GOL  model  is  based.  While 
optimistic  and  pessimistic  weather  assumptions 
are  included  in  the  Global  2000  Study's  high  and 
low  projections,  no  climatic  change  is  projected, 
nor  is  large-scale  land  degradation  assumed  to 
occur  due  to  environmental  or  human  factors 
other  than  urbanization. 

•  Technology — measured  in  terms  of  growth  in 
yields,  and  ultimately  dependent  laiigely  on  the 
producer  prices  generated  under  a  particular- 
scenario— is  assumed  to  continue  to  evolve  at 
rates  comparable  to  the  rap^d  growth  of  the  last 
two  decades;  it  is  assumed  ih«i  the  industrial- 
ized nations  and,  to  a  lesser  extent,  the  less 
developed  countries,  will  take  advantage  of 
technology — depending  on  the  incentives  sup- 
plied by  changes  in  factor-and-product  prices. 

•  Aspects  of  the  international  food  system  related 
to  food  processing,  distribution,  and  merchan- 
dising (which  would  also  be  affected  by  changes 
in  factor  and  product  prices)  are  not  explicitly 
represented  in  the  model. 

•  The  countries  of  Western  Europe  are  assumed 
to  continue  to  maintain  somewhat  protectionist 
agricultural  and  trade  policies  aimed  at  greater 
self-sufficiency.  It  is  also  assumed  that  price 
policies  of  other  Western  European  countries 
will  result  in  price  levels  similar  to  those  in  the 
European  Economic  Community. 

•  The  level  of  U.S.  trade  with  .^e  U.S.S.R.,  the 
People's  Republic  of  China,  and  Eastern  Europe 
is  assumed  to  be  affected  more  by  political  than 
economic  factors  in  the  long  run.  Though  no 
specific  long-range  multicommodity  trade  agree- 
ments have  been  assumed  between  the  United 
States  and  the  centrJly  planned  countries,  the 
levels  of  trade  projected  are  in  line  with  the 
quantities  outlined  in  recent  bilateral  agree- 
ments. 

•  Each  region's  import  or  export  prices  are  as- 
sumed to  be  related  to  the  region  s  demand  or 
supply  price  through  generally  constant  margins 
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EQUATION  1(A):  As  estimated  prior  to  use  in  GOL  model 

 Pepgndenfvariabie  Terms  and  variabies  treated  as  independent  of  each  other 

Total  grain  area  under  cultivation  -  22.766.5  +  125  (years  smce  1970)  +  13,34  (wheat  supply  price") 

EQUATION  KB):  As  used  in  GOL  model 

 Endogenous  variables,  treated  as  independent  Exogenous  expressions 

Tof;.|  gram  area  under  cultivation  -  15.34  (wheat  supply  price)  -  22,766,5  ^  125  (>«.ars  since  1970) 

EQUATION  1(C):  As  subsequently  presented  in  this  chapter 

^  Exogenous  expressions 

Total  gram  area  under  cultivation  .  22  J66.5  +  125  (years  since  1970)  +  15.34  (wheat  supply  price) 


U  should  also  be  recognized  that  the  reports 
produced  by  the  GOL  model  are  i^viewed  by  the 
Depaitment^s  commodity  and  country  specialists 
to  ensure  that  the  moders  calculations  correspond 
to  their  professional  judgment  regarding  the  future 
prospects  of  world  grain,  oilseed,  and  livestock 
trade.  In  many  cases,  this  means  that  coefficients 
ultimately  used  within  the  GOL  model  are  based 
on  the  judgment  of  country  and  commodity  ana- 
lysts as  well  as  on  statistical  analysis. 

The  930  equations  of  the  GOL  model  are  solved 
simultaneously  after  they  have  been  coded  in 
matrix  fom.  Prior  to  being  coded,  each  equation*s 
structure  and  coefficients  are  seoarately  esti- 
mated, using  standard  statistical  techniques  with 
subsequent  review  by  commodity  and  countiy 
analysts.  In  many  cases  this  review  leads  to 
reevaluation  and  adjustme.J  of  the  original  equa- 
tions by  Department  analysts  prior  to  running  the 
GOL  HKxIel  as  a  unit.  A  simple  re{Mrsentativ^ 
equation  thus  estimated  (for  the  low-income  North 
Africa  and  Middle  East  region)  has  the  structure 
and  coeflRcients  of  Equation  1(A). 

In  preparing  such  an  equation  for  simultaneous 
solution  with  the  other  GOL  equations,  it  is 
rewritten  so  that  the  endogenous  variables  (those 
solved  simultaneously  within  the  model)  are  all  on 
the  left-hand  side  of  the  equation  and  the  exoge- 
nous variables  (those  which  are  projected  prior  to 
running  the  model)  are  aQ  on  the  right-hand  side. 
Thus,  Equation  1(A)  would  be  rewritten  as  Equa- 
tion KB). 

When  all  equations  are  thus  transposed,  the 
left-hand  side  contains  930  expressions  with  930 
variables  whose  values  must  be  determined.  The 
equations  can  then  be  thought  of  as  having  the 
form 

AX^D 

where  A  is  a  square  matrix  of  all  the  coefficients 
(exQgenously  estmiated)  of  the  endogenous  varia- 
bles, A'  is  a  vector  of  all  the  endogenous  variables 
(to  be  solved  by  the  nxxlei),  and  D  is  a  vector  of 


expressions  of  exogenous  variables  and  associated 
coefficients  and  exponents. 

For  ease  of  computation,  a  standardized  com- 
puter programming  package,  developed  to  execute 
linear  programmirig  calculations,  is  used  to  solve 
this  set  of  relationships.  First,  the  vector  of 
expressiofis,  D,  on  the  right-hand  side  of  the 
equation  is  solved  using  exogenously  prelected 
values  for  the  exogenous  variables,  collapsing 
them  into  a  vector  of  values,  5.  Then  X  is  solved 
according  to  the  following  formula,  using  Bnear 
programming  algonthms  to  obtain  the  unique 
solution  to  the  familiar  problem  of  solving  n 
equations  for/i  unknowns: 

X^A'S 

Matrix  A  and  vector  X,  the  endogenous  (simul- 
taneous) part  of  the  model,  must  express  only 
linear  relationships,  since  linear  programming  al- 
gorithms are  used  to  solve  the  930  equations. 
However,  in  many  cases,  Kncar  formulations  tend 
to  misrepresent  real-worid  relationships,  either 
understating  or  overstating  them.  For  example,  at 
high  price  levels,  linear  equatk)ns  tend  to  generate 
exaggerated  price  responses.  Thus,  nonlinear  re- 
lationships must  be  and  have  been  simulated  by 
reestimating  coefficients  cjnd  rerunning  the  model 
with  modified  coefHcients  in  cases  of  initially 
extremely  high  or  low  prices.  Such  adjustments 
have  been  nuwle,  for  example,  to  represent  the 
different  impacts  of  veiy  high  food  prices  due  to 
rising  energy  prices  and  the  impact  of  support 
price  and  acreage  restrictions  in  the  U.S.  at  veiy 
tow  prices. 

The  exogenous  expression  vector  D  is  not 
lunited  to  expressing  only  linear  relationships, 
since  it  is  solved  using  exogenously  projected 
variable  values  prior  to  making  use  of  the  linear 
programming  algorithms.  The  form  of  each  of  the 
various  expressions  in  vector  D  depends  on  the 
assumptions  made  with  respect  to  the  kind  of 
impact  expected  from  the  exogenous  variables, 
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and  may  include,  for  example,  exponential  rela- 
tionships to  express  compound  growth  rates. 

Although  an  objective  function  is  technically 
specified  in  the  case  of  the  GOL  model,*  the 
model  solves  for  the  unique  solution  for  its  930 
equations.  Hence,  no  minimization  or  maximiza- 
tion takes  place.  The  model  also  does  not  cur- 
rently have  a  transportation  matrix.  A  transporta- 
tion matrix  could  theoretically  be  added,  but  there 
are  no  current  plans  to  do  so. 

To  simplify  further  discussion  of  the  model,  its 
matrix-retated  characteristics  will  henceforth  be 
disregarded,  and  equations  will  be  shown  in  the 
form  of  Equation  1(C),  even  though  all  endoge- 
nous variables  are  in  fact  solved  simultaneously. 
Thus,  endogenous  variables  which  appear  on  the 
right-hand  side  of  the  equals  sign  for  the  purposes  of 
discussion,  should  be  understood  to  be  no  more 
computationally  independent,''  as  mathematical 
convention  might  otherwise  suggest,  than  those  ap- 
pearing on  the  left-hand  side. 

The  GOL  model  includes  supply,  demand,  and 
trade  sectors  for  most  commodities.  Within  the 
crop  supply  sector,  the  key  endogenous  variable 
is  total  harvested  area,  defined  as  a  function  of 
the  prices  for  the  region's  most  important  crops, 
trend  growth,  constraining  potential  arable  area 
maxima,  and  historical  and  physical  data  on  the 
share  of  GOL  crops  in  the  arable  area  total. 
Individual  GOL  crops  compete  for  total  area 
based  on  historic  shares,  physical  limitations  on 
land  allocation  among  crops,  and  projected  rela- 
tive prices.  Production  is  determined  from  total 
harvested  area  and  an  endogenous  yield  projection 
based  on  absolute  and  relative  prices,  levels  of 
input  usage,  and  trend  growth  included  to  account 
for  wider  adaptation  of  existing  technology. 

Grain  supply  equations  for  a  region  typically 
have  been  constructed  in  the  following  form: 

Total  area  =  j  (wheat  and  other  crop  prices;  trend 
growth  in  arable  area,  subject  to'  physical  con- 
straints defining  maximum  arable  area). 

Wheat  area  ^  /  (total  area;  pnce  of  wheat  and 
other  food  crops  coMpeting  for  arable  area). 

Wheat  production  ~  j  (wheat  area:  base  wheat 
yields;  changes  in  wheat  yields  due  *  >  changes 
in  wheat  pnces,  other  product  pnces;  changes 
in  inpur  usage;  trend  growth). 

Demand  for  grain  for  direct  use  of  food  by 
people  is  a  function  of  grain  prices,  other  food 


^Ordinarily,  a  linear  programming  model  would  include 
such  a  function,  to  allow  the  program  to  find  a  solution 
which  would  maximize  or  mintmt/e  the  value  of  a  specified 
vanahle.  For  example,  a  linear  program  might  be  used  to 
dctem  the  hest  way  to  utili/e  a  farm's  resources  in  order 
to  maxurt^ze  its  profits 


product  prices,  income,  and  population.  The  price 
elasticities  allow  variance  in  both  total  food  de- 
mand for  grain  and  the  relative  shares  of  individ- 
ual giains.  £)emands  for  meats  and  dairy  products 
are  modeled  similarly  Consumer  preferences  are 
reflected  in  the  product's  own  price  and  cross- 
price  elasticities  and  income  elasticities.  Equations 
in  this  sector  typically  have  been  constructed  in 
the  following  form: 

Demand  for  wheat  for  use  as  food  =/(pnce  of  wheat, 
com,  nee;  per  capita  income,  population;  changes  m 
taste) 

Demand  for  beef  =  /  (price  of  beef,  pork,  and  poultry;  per 
capita  income,  population,  changes  in  taste). 

The  sector  that  represents  livestock  production 
and  demand  for  grain  used  as  food  for  livestock  is 
more  complex.  Meat  production  is  a  function  of 
meat  prices,  feed  prices,  and  productivity.  The 
incorpoi^tion  of  individual  meat  prices  allows 
competition  between  the  meats.  Grain  and  oilseed 
feed  prices  influence  the  cost  of  producing  meats. 
Equations  in  this*  sector  have  typically  been  con- 
structed in  thf  following  form: 

Beef  production  =  /  (price  of  beef,  pork,  ;om, 
and  oilseed  meal;  changes  in  productivity;. 

Feed  demand  is  a  function  of  appropriate  grain 
prices,  oilseed  prices,  meat  prices,  and  livestock 
production.  Crop  prices  allow  competition  be* 
tween  feeds.  The  coefficients  for  livestock  prod- 
ucts are  largely  physical  input-output  rates — that 
relate  the  tons  of  grain  fed  to  produce  a  ton  of 
livestock  product.  Livestock  product  prices  are 
used  to  adjust  feed  demand,  essentially  modifying 
the  feeding  rate,  which  forms  a  second  set  of 
relations  between  crop  prices  and  livestock  prices. 
Equations  in  this  sector  have  typically  been  con- 
structed in  the  following  form: 

Demand  for  oilmeal  for  use  as  feed  =  / (production  and 
pnce  of  beef,  pork,  poultry,  eggs,  and  milk,  pnce  of 
corn  and  meal). 

Supply  and  demand  prices  for  crops  and  meats 
are  usually  related  through  constant  margins.  As 
previously  noted,  however,  price  margins  fluc- 
tuate in  the  few  selected  regions  where  historical 
data  indicate  that  margins  widen  or  narrow  as 
price  levels  change. 

The  Three  Submodels 

The  three  submodels  —  arable  area,  total  food 
(production  and  consumption),  and  total  fertilizer 
use  —  were  extremely  simple,  but  they  can  be 
described  only  approximately  because  the  Depart- 
ment was  unwilling  or  unable  to  provide  documen- 
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tation.  The  descriptions  that  follow  a.e  ba«ed 
largely  on  oral  responses  to  questions  about  the 
submodels. 

The  submodels  have  a  few  common  character- 
istics. They  were  all  specified  .seperately  for  each 
region  in  the  GOl.  model  for  which  reliable 
historical  data  were  available.  The  submodels 
.  were  ail  executed  after  the  GOL  model  and  were 
dependent  on  the  GOL  model  in  various  ways. 
The  function  of  the  submodels  and  their  various 
assumptions  must  be  described  separately. 

The  arable  area  submodel  supplements  the 
GOL  model  by  providing  projections  of  arable 
area.  The  availability  of  arable  land  depends  on 
many  fends,  including  urbanization  and  land 
reclamation.  It  is  assumed  in  this  submodel  that 
there  is  a  finite  amount  of  land  that  is  potentially 
arable,  and  projections  are  not  allowed  to  exceed 
this  constcaint.  Up  to  this  constraint,  arable  area 
is  projected  to  increase  on  the  basis  of  time  trends 
and  an  index  of  GOL  food  prices  (intended  to 
reflect  economic  incentives)  It  is  assumed  that 
there  Will  be  no  large-scale  loss  or  degradation  of 
arable  land  due  to  mismanagement  or  environmen- 
tal deterioration. 

The  total  food  submodH  augments  the  GOL 
projections  (of  grains,  oilseeds  and  livestock)  to 
arrive  at  total  food  projections.  The  procedures 
involved  were  extremely  simple.  Growth  in  total 
food  was  in  niost  cases  projected  as  a  function  of 
growth  in  the  GOL  commodities  (grain,  oilseeds 
and  livestock)  based  on  historic  trends.  Their 
relationship  was  almost  always  assumed  to  be 
constant  over  time  and  linear.  Sugars,  starches, 
tropical  products  and  other  livestock  were  taken 
into  account,  as  appropriate,  in  the  various  re- 
gions. Fish  matches  for  human  consumption  were 
not  explicitly  taken  into  account  for  any  region 
(except  Japan),  but  were  included  in  the  analysis 
of  a  miscellaneous  category. 'This  miscellaneous 
category  was  assumed  to  provide  the  same  per- 
centage of  the  food  supply  in  the  future  as  in  the 
past.  This  in  .turn  means  that  (for  all  regions 
except  Japan)  the  fraction  of  food  needs  met  by 
fish  consumption  will  be  constant,  unless  substi- 
tuted by  another  food  in  the  miscellaneous  cate- 
gory (e.g.,  bananas,  goats,  camels,  etc.).  Smce 
food  consumption  is  projected  to  grow  dramati- 
cally in  all  regio4.s,  it  follows  that  (in  the  absence 
of  major  shifts  to  other  ftxHls  in  the  miscellaneous 
category)  there  will  be  dramatic  growth  in  the 
global  fish  catch.  Such  growth  in  fish  catch 
contradicts  the  Global  2000  Study's  fisheries  pro 
jcctions. 

The  fertilizer  use  submodel  supplemciits  the 
GOL  model  by  providing  projections  of  total 


fertilizer  use.  The  projections  are  highly  aggre- 
gated. The  relative  amounts  of  nitrogen,  phospho- 
rous and  potassium  are  not  given.  The  aggregate 
projections  are  based  on  regional  time-series  and 
cross-sectional  relationships  involving  yields  per 
hectare  and  growth  in  crop  production.  The  rela- 
tionship between  fertilizer  use  and  crop  produc- 
tion levels  is  generally  assumed  to  be  linear,  but 
the  coefficients  are  adjusted  by  Departmental 
analysts  (depending  on  the  length  of  the  projection 
being  developed)  to  reflect  assumptions  of  de- 
creasing return  to  scale.  Decreasing  returns  to 
scale  are  thus  specified  indirectly  (as  a  function  of 
time)  rather  than  directly  (as  a  function  of  fertilizer 
use). 

Basic  Components 

In  terms  of  the  Global  2000  Study's  objectives, 
the  GOL  model  and  derivative  submodels  use 
population  and  income  growth  rates  to  project 
worldwide  food  production,  consumption,  and 
trade.  Little  account  is  taken  of  environmental 
factors,  except  to  the  extent  that  they  are  implic- 
itly projected  to  influence  the  costs  of  production. 

Specifically,  the  GOL  model  is  a  formal  econo- 
metric model  which  includes  II  principal  com- 
modities—wheat, rice,  coarse  grains,  oilmeal,  soy- 
beans, beef  and  veal,  pork,  poultry,  milk,  butter, 
and  cheese.  A  more  detailed  listing  is  presented  in 
Table  1 8-1. 

TABLE  i8-l 
Food  Commodities  Specified  in  the  GOL  Model 

Torxt  Wheat 

Wheat  for  human  demand 

Wheat  for  livestock  feed 
ToiM  Rice 

Rice  fi^r  human  demand 

Kice  for  livestock  feed 
loiM  Coarse  Grains  (including  corn,  barley,  rye.  oats, 
sorghum,  millet,  and  mixed  grains) 

Coarse  grams  for  human  demand 

Coarse  grains  for  livestock  feed 
ToiM  Oil  SEEDS  (meal  equivalent,  including  principally 
soybeans  but  also  cotton  seed,  linseed,  rape  seed, 
fishmeal.  sunflo^ver  meal,  groundnuts,  and  copra) 

Oilseeds  for  human  foods 

Oilseeds  for  livestock  feed 
1<»IAI  Mem 

Beef  (including  veal) 

Pork 

Poultry 

Mult<^n  (including  lamb) 
loiAi  MitK  AND  Dairy  Products 
Fluid  Milk 
Butter 
Cheese 
f-ggs 
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TABLE  18-2 
GOL  Model  Regions 


Regions 


Countries 


United  Sutes 


Wettern  Europe 
European  Community 

Euro  Six 

Euro  Three 
Other  Western  Europe 

Japan 
Oceania 

South  Africa 


Eastern  Europe 

Soviet  Union 
China 


Middle  America 


South  America 
Argentina 
Brazil 
Venezuela 

Other  South  AmeHca 

North  Africa  Middle  East 
Nofth  Africa  Middle  East— high 
income 

North  Africa  Middle  East— low 
income 
Other  Africa 
East  Africa 
Centna  Africa 


South  Asia 
India 

Other  South  Asia 
Southeast  Asia 
Thailand 

Other  Southeast  Asia 
East  i^sia 
Indonesia 

Other  East  Asia— high  income 
Other  East  ASia^low  incor  ; 
Rest  of  World 


Industrialized  Countries 
United  States 

Canada  * . 


Belgium.  Luxembourg.  Netherlands.  France,  Germany.  Italy 
Denmark.  Ireland.  United  Kmgdom' 

Austria.  Finland.  Greece.  Iceland,  Malta.  Norway.  Portugal,  Spam.  Sweden. 

Switzerland 

Japan 

Australia.  New  Zealand 

Republic  of  South  Africa.  Botswana.  Lesotho.  Namibia.  Swaziland 

Centrally  Planned  Countries 
Albania.  Bulgaria.  Czechoslovakia.  East  Germany.  Hungary.  Poland.  Romania. 
•Yugoslavia 
Soviet  Union 
China 

Less  Peveloped  Countries 
Mexico.  Bahamas.  Bermuda.  Costa  Rica.  Dominican  Republic.  El  Salvador. 
Guatemala.  Haiti.  Honduras.  Belize.  Jamaica.  Nicaragua.  Panama.  Tnnidad  and 
Tobago,  other  Canbbean  isles 

Argentina 

Brazil 

Venezuela 

Bolivia.  Chile.  Colombia.  Ecuador.  French  Guiana.  Guyana.  Paraguay.  Peru. 
Surinam.  Uruguay 

Algeria.  Bahrain.  Cyprus.  Iran.  Iraq.  Israel.  Kuwait.  Libya.  Oman.  Qatar.  Saudi 
Arabia.  United  Arab  Emirates 

Egypt.  Jordan.  Lebanon.  Morocco.  Sudan.  Syria.  Tunisia.  Turkey.  Yemen 
(Sana),  Yemen  <i\^en) 

Kenya.  Madagascar.  Malawi.  Mozambique.  Rhodesia.  Tanzania. Uganda.  Zambia 
Angola.  Burundi.  Cameroon.. Central  African  Empire.  Chad.  Congo.  Benin. 
•Ethiopia.  Afars  and  Issas.  Gawn.  Gambia.  Ghana.  GuiiYea.  Equatorial  Guinea. 
Ivory  Coast.  Liberia.  Mali.  Mauritania.  Mauritius.  Niger.  Nigeria.  Reunion. 
Rwanda.  Senegal.  Sierra  Leone.  Somalia.  Togo.  Upper  Volta.  Zaire 

India 

Afghanistan.  Bangladesh.  Bhutan.  Nepal.  Pakistan.  Sn  Lanka 
Thailand 

Burma  Cambodia.  Laos 
Indonesia 

Hong  Kong.  Singapore.  South  Korea.  Taiwan.  Brunei 
Malaysia.  Philippines 

North  Korea.  Vietnam.  Mongolia.  Cuba.  Pacific  Islands.  Papua-New  Guinea" 


'  "Rtil  of  WorW"  tt  ■ho  cowpnicd  of  tliofc  regiont  *nd  covmncs  not  yei  cxplicrtly  modeled 


Within  the  GOL  model,  28  regions  are  repre- 
sented—4  rqjions  of  industrialized  (noncommu- 
nist)  countries.  3  regions  of  centrally  planned 
countries,  and  17  regions  of  less  developed  coun- 
tries (LDCs).  Table  18-2  lists  the  countries  in- 
chided  under  each  of  the  28  regions.  A  geographic 
perspective  on  the  methodology  underlying  these 


P'-ojections  is  provided  in  one  of  the  colored  maps 
used  to  illustrate  the  discussion  on  the  Govern- 
ment's Global  Model  in  Chapter  14. 

The  GOL  model  relationships  are  said  by  De- 
partment analysts  to  involve  app'\)ximately  70-^ 
percent  of  total  world  food  production  and  .con- 
sumption, and  an  even  larger  share  of  trade.  Ail 
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regions  have  some  crop  equations,  but  not  all 
regions  have  livestock  equations.  The  centrally 
planned  regions  have  collapsed  international  trade 
equations  only;  production  levels  are  determined 
exogenously,  with  consumption  based  on  the 
interaction  of  the  production  and  trade  projec- 
tions. These  relationships  are  summanzed  in  Ta- 
ble 18-3. 

Basic  Procedures 

While  there  is  no  simple  way  to  illustrate  all  the 
complex  interactions  involvedf  conceptually  in 
solving  a  square  matrix  of  93(requations  simulta- 
neously or  in  solving  the  many  derivative  submod- 
el equations,  some  representative  equations  that 
focus  on  a  particular  food  product  in  a  particular 
region  can  suggest  the  nature  of  many  of  these 
interactions.  For  the  purpose  of  iltustration,  this 
section  will  brjefly  review  the  equations  pertaining 
to  wheat  in  the  low-income  North  Africa  and 
Middle  East  re^n,  as  projected  in  the  medium- 
growth,  rising-energy-price  scenario. 

The  GOL  Model 

T!ie  three  GOL  equations  and  associated  calcu- 
lations directly  related  to  domestic  wheat  produc- 
tion arc  presented  in  Table  18^.  As  can  be  seen 
in  the  table,  roughly  80  percent  of  the  increase  m 
''grain  area  under  cultivation"  between  1970  and 
1985  is  due  to  an  exogenous  lime  trend  estimate 
involving  a  judgmentally  adjusted  coefficient. 
Since  roughly  45  percent  of  the  increase  in  "wheat 
area  under  cultivation"  over  the  same  period  is 
due  to  increases  in  "grain  area  under  cultivation" 
and  roughly  45  percent  due  to  another  exogenous 
time  trend,  about  80  percent  of  the  increase  in 
**wheat  area  under  cultivation"  can  be  attributed 
to  the  influence  of  exogenous  time  trends  and 
judgmental  adjustments.*  Similar  reasoning  shows 
that  about  85  percent  of  the  projected  increase  in 
"domestic  wheat  production"  over  the  1970^5 
period  is  attributable  to  similar  exogenous  influ- 
ences (roughly  90  percent  for  the  1985-2000  pe- 
riod). 

This  means  that  85-90  percent  of  the  increase 
in  wheat  production  included  in  the  model's 
projections  is  essentially  an  exogenous  input  to 
the  model — a  premise  rather  than  a  conclusion  of 
the  modeling  exercise.  Other  "projections"  of  the 
model  also  incorporate  significant,  directly  exoge- 


*  Depart  menial  analysis  nole  lhal  these  exogenous  trends 
and  adjuslmenls  are  eslimaled  on  ihc  basis  of  'he  Dopdrl- 
menl's  analysis  of  regional  arable  area  polcnlial  and  regional 
cropping  patterns,  developed  prior  to  running  the  OOL 
model 


nous  components.  These  are  largely  based  on  the 
judgment  of  Department  analysts  regarding  future 
prospects  for  world  gram,  oilseed,  and  livestock 
products.  However,  since  the  endogenous  variables 
are  mutually  interdependent,  this  analysis  is 
suggestive  only.  In  the  case  of  wheat  production 
in  the  low-income  North.  Africa  and  Middle  East 
region,  the  factors  contributing  to  the  exogenous 
vanable  projections,  as  determined  by  Departmen- 
tal analysis  are  noted  in  Tafte  18-4.  The  impor- 
tance of  exogenous  area  and  production  vanables 
varies  widely  by  region,  depending  on  the  extent 
to  which  the  agricultural  sector  is  commerciahzed 
•and  on  the  extent  to  which  resource  availability 
—i.e.,  constrained  arable  area  in  low  income 
North  Africa  and  the  Middle  East— limit  the 
impact  of  market  factors  on  future  growth. 

The  equation  and  associated  calculations  that 
project  domestic  wheat  consumption  are  pre- 
sented in  Table  18-5.  Again,  changes  in  the 
exogenous  variables  account  for  over  90  percent 
of  the  increase  in  production  between  1985  and 
2000  for  this  region.*  Given  the  importance  of 
these  exogenous  projections,  it  should  be  noted  in 
passir^g  that  while  the  GOL  model's  population 
figures  were  adjusted  to  be  consistent  with  the 
population  projections  provided  by  the  Bureau  of 
the  Census,  the  adjustment  was  not  exact  (Table 
18-6).  Other  minor  discrepancies  between  the 
GOL  exogenous  projections  and  other  Global 
2000  Study  projections  are  also  to  be  found  in  the 
per  capita  GNP  growth  rate  projections. 

The  equations  used  to  estimate  pnce  relation- 
ships for  the  low-income  North  Afnca  and  Middle 
East  region  are  presented  in  Table  18-7.  As  can 
be  seen,  these  relationships  are  not  projected  to 
change  over  the  1970-2000  period.  The  apparently 
anomalous  phenomenon  of  a  demand  pnce  sub- 
stantially below  a  supply  price  is  explained  by 
Department  analysts  as  due  to  historic  food  sub- 
sidy programs  in  several  of  the  laigest  countnes 
of  the  region.  Egypt,  a  major  wheat  consumer, 
imports  wheat  concessionally  and  disposes  of  it 
domestically  at  subsidized  prices.  Turkey,  the 
major  producer  in  the  region,  provides  its  fanners 
with  a  substantial  subsidy  for  wheat  production. 
The  negative  margin  between  the  region *s  supply 
and  demand  prices  points  up  one  of  the  many 
problems  inherent  in  breaking  the  world  down 
into  multicountry  regions.  Regional  projections 
are  highly  aggregated  and  consequently  should  be 
seen  as  broad  parameters  rather  than  precise 


♦Departmental  imalystN  point  out  thM  this  icgion  is  not  one 
of  the  dctai  .*d  dOI  regions  ,ind  ihM  matket  mtci.Ktion  is 
moie  import*  nt  in  most  other  regions 
r 


TABLE  18-3 
Variabtes  Used  bi  the  GOL  Model 


TouiGrMO 


ToulMeat 


ToUl  Oury  Products 


Wheat 

Rkc 

Coarse 
Grain 

Oilseed 
Mcai 

Beef 

Cuts 

8eef 
Products 

Pork 

Poultry 

Mutton 
A  Lamb 

Milk 

Cheese 

Ens 

Industrudizcd  cMintiMs 

United  States 

DF  PA 

D 

PA 

DF  PA 

F  PA 

D  P 

D  P 

DP 

DP 

D  S 

D  S 

P 

Caiiada 

DF  PA 

D 

DF  PA 

F  PA 

D? 

DP 

D? 

D  S 

DS 

P 

Euro  Six  . 

DF  PA 

D 

PA 

DF  PA 

F  PA 

D  r 

D  P 

D  P 

D  P 

D  S 

D  S 

P 

Euro  Three 

DF  PA 

D 

PA 

DFPA 

F  PA 

D  P 

DP 

D  P 

D  P 

D  S 

D  S 

P 

Other  Western  Europe 

DFFA 

D 

PA 

DF  PA 

FPA 

D  P 

D  P 

DP 

D  P 

D  S 

D  S 

Japan 

D 

PA 

DF  PA 

DF  PA 

DF  PA 

D  P 

DP 

DP 

D  P 

D  S 

D  S 

P 

Australia/New  Zealand 

DF  PA 

D 

PA 

DF  PA 

F  PA 

D  P 

D  P 

D  P 

D 

D  S 

D  S 

P 

douin  AiTiva 

D 

PA 

D 

DF  PA 

r  J 

U  r 

U  r 

D 

r 

n  D 
u  r 

Less  developed  countries 

Middle  America 

DF  PA 

D 

PA 

DF  PA 

F  PA 

U  r 

U  P 

Argentina 

D 

PA 

D 

PA 

DF  PA 

F  PA 

U  P 

D  P 

rv  n 

U  r 

Brazil 

D 

PA 

D 

PA 

DF  PA 

F  PA 

U  P 

D  P 

Venezuela 

D 

PA 

D 

PA 

DF  PA 

F  PA 

Other  South  America 

D 

PA 

D 

PA 

DF  PA 

.  F  PA 

High^inconw  North  Africa  and  Middle  East 

D 

PA 

D 

PA 

DF  PA 

F 

Low-ncotne  North  Africa  and  Middle  East 

D 

PA 

D 

PA 

DF  PA 

East  Africa 

D 

PA 

D 

PA 

DF  PA 

Centra  Africa 

D 

S 

D 

S 

b  S 

T 

India 

D 

PA 

D 

PA 

DF  PA 

F  Pa 

Other  South  Asia 

D 

PA 

D 

PA 

D  PA 

Thailand 

D 

C 

PA 

DF  PA 

Other  Southeast  Asia 

D 

D 

PA 

DFS 

Indonesia  ^ 

D 

D 

PA 

D  PA 

D  PA 

High-income  East  Asia 

D 

PA 

D 

PA 

DF  PA 

F  PA 

Low-income  East  Asia 

D 

D 

PA 

DF  PA 

S" 

% 

Centrally  planned  countries 

Eastern  Europe 

T 

T 

T 

T 

T 

T 

Sovfet  Union 

T 

T 

T 

T 

T 

China 

T 

T 

T 

T 

T 

Rest  of  world 

T 

T 

T 

T 

3 
o 
o 

> 

o 
> 

n 
c 

c 
m 


D  >  Demaod*  total  or  nonftcd 
F    Derived  demand  for  feed 


P  •  Producttoo 
A  •  Area 


S  -  Supply 

T  -  Foreign  trade,  net 


ERIC 


651 


65^ 


TABLE  18-4 

Representative  Supply  Equations:  Wheat,  Uw-Income  North  Afrfca  and  Middle  East  (Medium-Growth,  Rising 

Energy  Price  Case) 


Total  gram  area 
under  cultivation 


26.292  4 
28.475.6 


Functional  fmn 

Exogenous  expressions 


-  22.766  5  +     (coefficient*)      (years  since  1970)     +  15  .^4    (wheat  supply  price) 


Wheat  area  un- 
der ^.ulttvat  ton 


n.l55  0 


1K,911 


G53 


ERLC 


Variable  values  in  1^0 

0  ,  0 

Varinbk  values  projected  for  1985 

125  15 

Variable  values  projected  Vor  2000 

.  no  30 


78  13 
101 

144  52 


Exogenous  expressions 


functional  form 


1257  .M.8Mvears\,nce, 970,  .  M9  |    -^"J^---  |  .  .5  26  .whea,  supply  p„ce,    -  .1  M  .coarse  gr.nn  supply  pnce. 


15 


30 


IM94  09  4  n,81*i     !  »  87S 


Variable  values  in  1970 

^1.965  0 

Variable  valuer  projected  for  1985 

26.292  4 

Variable  values  projected  for  20GO 

28,475  6 

--  —  -    -   

Functional  foi  m 

Exogenous  expressions 


78 

101  M> 
144  52 


64  61 
82  6^ 
128  10 


index  of 
cost  of 
phv-itaf 
tnpuls'' 


](i97o}      (  < '^cihcicn:  Hycars 
oj  mcreascW since 
/   in  viclds"  U  1970 


)iM  iin.  ii:,j>c^  <  s 
in  viclds"  U  I 

^  ariabie  values  in  '970 

0  }"  0  0 


'  O^i  iiiidci 
(cull  I  vat  ion 


wheat 
17  68  {  supply 
pncc 


78  n 


X 

tT! 
O 

c 
< 

m 
z 
-i 

O 

5 

r 
S 

o 
o 
m 


2I,3()9  1 


Variable  values  projected  for  199S 

0  1'^  275 

Variable  values  projected  for  2000 


01 


*  This  «.<>cfrK»cni  prnvidcN  for  trend  growth  m  jrjbic  area  The  vt)cfrKient  wa>  estimated  the 
b*M\  of  multiple  rei^ression  jyuiysCN^dcfibitng  clunfcs  in  ^re^  a  function  of  time  well  as 
invcNtmcnt  dnd  dunges  in  re^i  food  product  pnce>  ^nd  input  ':Q>t\  the  cocfncMni  declines 
beyond  I9t5  to  2000  due  to  provtMon  for  absolute  con\fr«nl)  on  it*b\t  *rc* 
'  I  his  index  IS  ord<n<irlh  used  b>  the  Deparimeni  of  AgrKullur?  \v  csaluaic  polKies  insulvmjc 
accelerated  gri»*lh  in  fertilizer  usage  ^ccordin^;  tt>  Department  of  AKiuullUfe  analysts  the 
dtmnward  adju\imeni  of  lhi\  index  for  the  year  201)0  projeition  is  due  to  the  need  to  intensify 
the  effects  of  declining  lelurnx  to  stale  fur  fertitirer  User  However  for  t'thei  regions  a  Mmilar 
adjustment  is  m*ttc  to  reflect  rising  energy  prices  No  such  adjustment  was  made  for  this 
region  MncC  its  agricultural  methods  ^re  not  considered  to  be  energy  intensive  The  effects  of 
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IS 


30 


IS.970  1 
'  <,9n  2 


101  M) 


\AA  52 


increasing  energy  pnces  are  thus  assumed  to  be  (and  are  treated  as)  negJtgibtc  '  s  function 
for  this  region 

*■  This  ci>cfrtcient  combines  the  effects  on  yield  of  i  h  trend  growth  and  (2)  technological  growth 
Ihe  effect  of  these  two  factors  influincing  yield  i.s  further  combined  wnh  the  effect  of  (.hangcs* 
jn  jrea  t«  valculaie  changes  in  prixJuclion  In  .98^  the  27S  000-ton  jnnual  increase  is  based  on 
a  10  kilogram  per  hectare  trend  increase  in  yield,  plus  the  equivalent  of  16^  000  tons  of  annual 
increase  in  production  due  to  trend  increase  in  yields  on  base  and  expanded  area  T^he 
respective  figures  to  2000  are  20  kilugtams  per  hectare  and  410  'tOi'  tons  of  annual  increase  due 
In  area  change 


TABLE  18^ 

Representative  Lemand  Equations:  Wheat,  Low-Income  North  Africa  and  Middle  East 
(Medium-Growth,  Rising  Energy  Price  Case) 


Functional  form 

Exogenous  exptessions 


Domestic  wheat  F         \  f^rtdpitd  )    t  population  i  "|  )  i  wheal   )  i  case  gam  )  4    nee  ) 


consumption 988  G7  +  19 


wheat  i 

case  gam 

61  62  ' 

demand 

V  M  31  - 

demand 

•  4  23  72  1 

price  j 

price 

price 


Variabfe  valurs  tn  1970 

19.771  0                                                       0                     0            f  64  17                       63  15                     125  00 

Variable  values  projected  for  19S5 

29.S9<>()                                                                            6235     l'"^  87  54                      82  63                    198  21 

Variable  values  projected  for  2000 

42.6%  2                                            ^          0429                0229     f^"  130  56                     128  10                    274  88 

'  All  whrat  consumed  in  th)\  region  is  assumed  to  be  used  directiv  as  fxtod  for  humane  and  not  a>s\umptions  ids  reporied  in  the  OOl  model  output)  to  those  developed  for  the  Global  2000 

a%  fiHxl  for  livestock  Stjdy  (\ee  Chapter  is  problematical  and  could  not  be  rvadily  resolved  by  l>epyiriment 
Averaite  annual  growth  rate  \incc  1970  The  reiation^^hip  of  these  per  tap,ta  ONP  growth  rate  analy\ts 


o  655  ^^"^ 
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TABLE  19-6 

Comparison  of  Average  Annual  Projected  Population  Grcwth  Rates,  Medium  Series 


1975^5 

RcgioaCounlry  • 

Agri- 

Census 

culture  ** 

Bureau  * 

Industnalized  countries 

0  69 

0  59 

unii€0  Mates 

0  70 

0  75 

Western  Europe 

0.33 

0  38 

Japan 

0  87 

0  76 

Centrally  planned  countries 

I  25 

1  17 

Eastern  Europe 

068 

0  65 

USSR. 

0.92 

0  89 

People's  Repu|>lic  of  China 

1.41 

1  31 

Developing  countries 

2  49 

2  4^ 

Latin  Amenca 

2  87 

2  84 

Africa  and  Asia 

i  40 

2.39 

World 

1.78 

1  78 

1975-2000 


Dif. 
fcrcncc 


-  12 
0 

0 

-  01 

0 
0 

^-.01 
+  01 

+  01 
^  04 
+  .10 

01 


'  Catf fones  »re  thi>*e  of  the  tkpwlmtm  of  AgrKulture  ComparaWe  Census  Bure«i  Categories  i 


Agri- 

Census 

Dif- 

culturc * 

Bureau  ^ 

ference 

0.52 

U.63 

-  M 

0,55 

0.60 

-.05 

0  43 

0.38 

+  05 

0.59 

0.70 

-  II 

1.21 

1  22 

-.01 

0.57 

0  62 

-.05 

0.68 

0  78 

-.10 

1.42 

1  41 

+  .01 

2  37 

2  41 

-  04 

2  61 

2  69 

-  08 

2  30 

2.33 

-.03 

1.77 

I  76 

+  01 

IndUiitn^utd  countries 
Centrally  planned  countries 
I>vek>ping  coumncs- 

Africa  and  Aua  (North  AfrKa/Mtddie  Ea»t  other  de- 
veloping African  countnes.  South  A^ia  Southeast 
Asta.  £a«l  Asia) 


Census  Bureau 

«  United  States.  Canada.  Australia.  New  Zealand.  Japan.  Western  turope 

-USSR    EaMem  Eup-.«.  People's  Republic  of  China 

»  Developing  coumrKs.  excluding  People's  RepuhiK  of  China 


»  Africa  and  Asic.  excluding  People's  RepuWK  of  China 
*  At  Mifflfliarizcd  by  Depwtment  oC  Agncultiire  anaJysts  for  tins  chapter,  not  perfectly  consistent  with  TaWe  6-1 .  also  p  cpared  by  the  Department 
As  summanzed.  on  a  comparable  basis,  by  Census  Bureau  analysts 


TABLE  lP-7 

Representative  Wheat  Trade  and  Price  Equations:  Low-Income  North  Africa  and  Middle  East 
(Medium-Groirth,  Rising  Energy  Price  Case) 


Functional  form 
1970 
1985 
2000 

Functional  form 
1970 
1985 
2000 

Functional  form 
1970 
1985 
2000 


Wheat  imports 

^378  0 

8289  9 

4138  3 
Wheat  supply  price 
78  13 

101  5 

144  52 

Wheat  demand  price 
64  17 
87  54 

130  56 


=  Domestic  wheat  consumption 
19771  0 
29599  0 
42969.2 

-  13  %     +      wheat  demand  price 
64.17 
87  54 
130  56 

=  1.27     +       Wheat  trade  price 
62.90 
86.27 
129.29 


Domestic  vheat  production 
13815  0 
21309  I 
38830.9 


projections  to  be  broken  down  inlr  ^dividual 
country  totals. 

No  single  equation  or  subset  of  equations  in  the 
model  sets  the  inr  •me:ional  trade  price  of  wheat. 
The  trade  pnce  is  determined  by  the  solution  of 
the  moders  multiple  wheat  production  and  con- 
sumption equations.  iMowever,  the  export  prices 
of  the  m^r  surplus  producers  and  the  import 
prices  in  the  deficit  regions  of  the  world  ai«  linked 


lo  allow  the  use  of  a  major  trading  country's  price 
as  a  world  price  proxy.  Thus,  the  U.S.  price 
serves  As  a  proxy  for  the  worU  marliet  wheat 
price,  while  'Tiai  export  prices  and  Australian- 
New  Zealand  export  prices  play  the  same  proxy 
roles  for  rice  and  livestock  products,  respectively. 

The  continuing  projected  role  of  the  Un  ted 
States  as  the  worU's  largest  exporter  of  w.xat 
can  be  seen  in  Table        which  shows  the  U.S. 
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T/iBLE 

Projected  Net  Exporters  of  Wheat  (Medium-Growth,  Rising  Energy  Price  Case)^ 

iMHUor  metru  tonsi 


1970 


1985 


2000 


Average  Annual  Growth 
Percent 


Exports 

/c 

Share 

Exports 

% 
Share 

Exports 

7< 
Share 

1970-85 

l985-2( 

United  States 

17,881 

39 

48,838 

58 

58.226 

57 

7 

1 

Australia-New  Zealand 

8,300 

18 

12.165 

15 

16,084 

16 

3 

2 

Argentina 

1,640 

4 

6,410 

8 

13,974 

14 

10 

5 

Canada 

11,750 

26 

15,288 

18 

7,311 

7 

-1 

Sout^  Africa 

60 

839 

1 

4,108 

4 

19 

11 

USSR. 

4,799 

n 

127 

1,995 

2 

-22 

20 

India 

166 

Euro  Six 

1,170 

3 

TOwal 

45,600 

83,667 

100 

101,862 

100 

4 

1 

'Tteu  flgiir«s  arc  repvtsentAUve  of  liw  lowest  level  of  diM|gre|stion  within  the  GOL  model  and  are  cited  to  illuininatc  the  GOL  methodoioiy  While  Department 
aa«lyst«  are  reaionably  confident  of  the  GOL  model's  compufaikms  at  the  higher  levels  of  aggreption  presented  in  Chapter  6,  they  would  prefier  that  the^  more 
diMgfrHXc^  prosections  not  be  cited  as  Gkioal  2000  Study  proyecitons 


*  Docs  MX  sum  to  100  due  to  rounding 


share  of  international  wheat  exports  growrag  from 
39  percent  in  1970  to  57  percent  in  the  year  ZoOO. 
This  growth  is  based  on  a  109  percent  inc  ease  in 
total  U.S.  wheat  production  between  '970  and 
2000.  Argentina  s  total  wheat  production  is  pro- 
jected to  increase  even  more — 222  percent— over 
the  same  period,  and  South  Africans  total  wheat 
production  is  projected  to  increase  406  percent. 

These  projected  increases  in  total  wheat  pro- 
duction lie  behind  the  projected  123  percent 
increase  in  world  wheat  exports  which  is  associ- 
ated with  the  projected  106  percent  increase  in  the 
real  trade  price  of  wheat  o\er  the  I97O-2000 
period.  Similar  increases  are  also  projected  for 
some  countries  that  are  not  net  exporters.  For 
example,  total  wheat  production  in  East  Africa  is 
projected  to  ^w  128  percent*  and  in  Brazil,  277 
percent,  t 

The  Three  Submodels 

The  arable  area  submodel's  functional  variables 
and  variable  values  for  the  same  case  and  the 
same  region  arc  shown  in  Table  18-9.  Because  of 


*  Deportmrnt  analysts  point  out  that  because  of  interannuaJ 
variation  in  food  proouction  levels,  the  selection  of  1970  as 
a  base  year  for  me  purpose  of  d'xussion  (because  it  was 
us«d  originally  to  calibrate  the  GuL  model)  may  be  some- 
wliat  misleading,  since  1970  tended  to  be  a  year  of  relatively 
low  food  production  levels.  For  example,  the  U.S.  share  of 
world  wheat  exports  was  roughly  45  percent  in  1973-75. 
Similarly,  the  109  percent  increase  in  U.S.  wheat  production 
to  the  year  2000.  ustne  1970  as  a  base,  represents  only  a  45 
percent  increase  in  production  over  the  levels  . of  the  1973- 
75  jperiod.  This  should  be  remembered  in  evaluating  all 
197&.2000  comparisons. 


the  rapidity  with  which  the  submodel  was  devel- 
oped,  Department  of  Agriculture  analysts  were 
reluctant  to  provide  the  exact  form  of  the  function 
for  publication.  But  they  noted  that  the  function 
assumed  a  0.05  price  elasticity  with  respect  ^o 
area  (that  is,  a  I  percent  increase  in  real  returns 
to  farmers  after  costs)  was  projected  to  generate  a 
0.05  percent  increase  in  arable  area— area  in 
crops  as  well  as  area  in  less  intensive  uages, 
including  pasture  —  in  the  absence  of  binding 
constraints.  They  also  noted  that  positive  time 
trends  generally  represented  improvements  in  land 
and  crop  technologies  as  well  as  invt^Jment  in 
reclamation,  development  of  improved  soil  man- 
agement practices,  and  other  improvements.  Neg- 
ative time  trends,  in  contrast,  incorporated  varia- 
bles such  as  urbanization,  which  work  to  cpntract 
rather  than  expand  arable  area  over  time. 

The  projections  for  this  region  are  not,  in  fact, 
calculated  by  this  function  but  instead  represent 
binding  constraints  affecting  the  maximum  arable 
area  assumed  to  be  available.  The  maximum 
arable  area  is  assumed  to  decline  by  3  pt^rcent 
over  the  1971-2000  period,  from  94  million  to  91 
-  million  hectares.  This  decline  reflects  increased 
urbanization  and  its  claim  on  land  in  a  region  with 
a  number  of  countries  with  severe  area  problems. 
Because  the  totJ  grain  area  under  cultivation  is 
projected  to  grow  by  19  percent,  from  24.0  to  28.5 
million  hectares  over  the  sanoe  period — and  since 
only  part  of  the  increase  can  be  expected  to  be  in 
the  form  of  multiple  cropping — the  projections 
imply  the  gradual  switch  of  pasture  and  other  low 
intensity  land  uses  toward  more  intensive  crop 
cultivation.  Although  the  Global  2000  Study*s 
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TABLE  18^ 

Arabk  Area  Submodel,  Low-Income  North  Africa  and  Middle  East 

Medium- Crowth.  Rismu  Energy  Pnce  Case 


Funcuoniii  form: 
1970 
1915 
2000 


Arabic  Area 
91.5  miHion  hectares'* 
^.5  miHion  hectares' 
91.0  million  hectares' 


'  f        (GOL  aggregate  food  pnce  mdex, 
100.0 
112.12 
129.27 


years  since  1971-75) 
0 
12 
27 


^  ^"^^  9''^  P^«'  ^•it^  by  9^^^^  prtMfciccd  ftom     GOL  model  rttidt. 
-ril^^Z^SS^r^     ^^^!;^^'^*;y'^y^^'^  fcr  l»70iobe»4  OiwUton  hecu«,.  byi  lie  poccm»iJ  wa.  not  reached  in  l>70 


TABLE  18-10 

Total  Food  Submodel,  Low-Imtmie  North  Africa  and  Middle  East 

Medium-Crowth,  Rising  Energy  Price  Case 

Functional  Form: 

Total  food  production  index"      «        coefficient''  x 

GOL  food  production  index* 

1970 

102 

"T-M?001 

100 

I9€5 

146 

1.02001 

144 

2000 

253 

1.0200) 

248 

Functional  Form 

Total  food  consumption 

index      a        coefficient x 

GOL  food  consumption  index** 

1570 

102 

1.02001 

100 

I9b^ 

167 

1.02001 

164 

200i« 

276 

1.02001 

271 

*  WciflMed  cakmc  index 

lU-ltlHJmlkp  tttunaitd  bwcd  on  luiaonc  data 
^  A  calork  tadta  oTftaiK.  aito^.  aad  livestock  prv^dncudn.  we^lMad  by^uantittes . 
'AC&Mciiidek  jfriMi  oivMd.  a  ^  Hvat;<xk  coMvmplioa.  w<HflitH  by  qtta.ilitk 


from  GOL  model  results 
from  GOL  model  results 


TABLE  18-11 

Fertiliser  Submodel,  Low-Income  North  Africa  and  Middle  East 

Medium-Growth,  Rising  F nergy  Price  Case 


pjiKUotVju  form.  Fertilize;  Usage  •  =         coefTic  ■'nt''  x  weighted  caloric  value  of  crop  products* 

1971-75  1.950  0.13  15.000 

1985  4.250  0.17  25.175 

2000  e  750  0.24  35.875 


'  In  'hotnaiah     Mtncm  lou* 

"EslMMted.  beer^  on  the  hatortc  rdatni    *d  for       tutors  combined  wich  crm\-urct«onai  relaiionshipi  tnvHvmf  (he  physicat  response  of  crops  to  increasmgly 

intense  frrtif/ef  ap^M.st«Mi  ^h:  mere  ^«  tn  ihe  v  lePicirni  r«pre\€ni\  »he  effecc  of  declining  returns  lo  «:»|e 

'  Caiovk  valM  of  cvoy  piodmton  caknitatad  HWt$  tht  resohs  of  tlie  loul  food  production  svbmodel  (excliKSiflf  hvestock  prodvctkm) 


environmentai  analysis  indicates  that  addttionai  ^ 
laijc-scalc  land  ^egracia  ion  is  occurring  for  rea- 
sons other  than  urbanbation,  this  was  nut  taken 
into  account  in  the  submodel. 

Tht  total  food  submodel's  functional  fofir^  and 
variables  for  the  same  case  and  region  \^tth  regard 
to  totil  food  producijon  are  showr<  in  Table 
10.  As  can  be  seen  from  the  first  hatf  of  the  table, 
(jQL  food  production  is  projected  to  increase  an 
average  7  ^  percent  per  year  during  the  1970^1985 
period  and  to  increase  t^  an  average  3.7  percent 
per  year  during  the  1985^M00  period.  During  the 
.ame  peiiods,  total  food  production  is  expected  to 
iri crease  at  roughly  the  same  rates,  fuggesting 


increased  multiple  cropping  and  increased  cultiva- 
tion of  !and  previously  used  for  pasture.  Total 
food  consumption  is  projected  to  increase  even 
faster,  using  a  function  similar  to  that  for  total 
food  production,  as  may  be  seen  in  the  second 
half  of  Table  l^iO, 

The  fertiluer  use  subnuxlers  functional  form 
and  variables  for  the  sanie  case  and  region  are 
shown  in  Table  18-11.  Fertilizer  use  (for  food 
crops)  for  this  region  is  projected  to  increase  at 
about  5  percent  per  year  throughout  the  1970- 
2000  period. 

Summaries  of  the  key  GOL  model  and  submo- 
del projections  for  this  regfon  are  presented  in 
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TABLE 

Summary  Supply  SUdstks:  Low-Income  North  Africa  ud  Middle  East"* 

Medium-Growth,  Rising  Ene,  gy  Price  Case 

Avenge  Annual  Percent  Growth 

  1970  1985  2000  1970-85  19e5-2000 

Population  and  per  Capita  GNP 


Population  (miitions) 

116.5 

165.1 

770  R 

2.4 

2.2 

— 'a-  r^^tt^k  j                      1Q7il  Anilnrwi 

wt  capna unr  [consiuni  ■dy/u  uouurs) 

188 

306 

663 

3.3 

5.3 

Arable  Area 

Total  arable  MrttL( million  hectares) 

91.5 

92.5 

91.0 

0.1 

-0.1 

Total  grain  area  under  cultivation"^ 

(milUon  hectares) 

24.0 

26.3 

28.5 

0.6 

0.5 

Wheat  area  under  cultivation  (million 

hectares) 

13.2 

16.0 

l0.7 

I  .J 

1.1 

Kivc  wai  unQcr  vuiuvauon  ( ffftiiion 

nrciur€Sf 

0.6 

0.8 

1  n 

1  0 

1.5 

comsc  gnuns  arc*  unacr  vuiiivaiion 

{mttiion  nee  tares} 

10.3 

9.5 

a 

6.0 

—  V.J 

0  7 

pEkTiLiZER  Use  and  Yields 

Fertilizer  use  for  food  crops  (million 

nutnent  tons) 

2.0 

4.3 

8.8 

5.2 

4.9 

Total  grmin  yield"  (tons  per  hectare) 

1  2 

1.6 

2.3 

1.9 

2.4 

Wheat  yield  (ton%  per  hectare) 

1.1 

1.3 

2.1 

1.1 

3.2 

Rice  yield  (tons  per  hectare) 

34 

3.5 

3.6 

0.2 

0.2 

Coarse  grain  yield  (tons  per  hectare) 

1  3 

1.9 

2.6 

2.6 

2.1 

Production 

Total  food  production  f /970  «  /(X?) 

100 

144 

248 

2.3 

3./ 

GOLfood  production  (/97(»  «  100) 

100 

144 

248 

2.5 

3.7 

Total  grain  production'  {million  metric 

tons) 

29.0 

41.9 

64.7 

2.5 

2.9 

Wheat  production  (million  metric  tons) 

13.8 

21.3 

38.8 

2.9 

4.1 

VijiC€  ^f%iidnctMn(million  metric  tons) 

1.9 

2.7 

3.5 

2.4 

1.7 

Coarse  grain  production  (miV/to/i  metnc 

tons) 

13.3 

17.9 

22.4 

2.0 

1.5 

Percent  of  World  Supply 

Percent  of  world  total  grain  production*^ 

2.7 

4.2 

4.7 

Percent  of  world  wheat  production 

4.3 

8.2 

ii.6 

Percent  of  world  rice  production 

0.9 

1.4 

1.2 

Percent  of  world  coone  grain  production 

2.4 

3.3 

2,9 

•TUCM  flfw«t  aM  nyiitm^i  of  the  lowM  Iml  of  Mi^tytUm  witMn  Um  OOL  modti  iM  ut  UwrtRMV  dud  to  ilMiwic  the  OOL  methotfolofy  While 
Dipffil  •mlf¥i  an  wiwhty  coflOdtfll  ot  the  GCl.  Modii't  rnwpntitinM  »t  the  Mffter  Icvth  oC  anrtfitioii  ptttenled  Ib  Chaftrr  6,  they  wq«ld  prtfcr  thai 
tknt  mom  iin(ymiil  pi^Uom  aot  b>  dud  ae  Global  2CO Sfrfy  pfqyctkm 

*Tk0  riMoMUp  «CdM  tM«a«NM  growth  rata  mamt0Uiomt  raportad  fai  the  OOL  modal  oolpiii)  to  ihoM  davvkqiad  for  tht  Global  2000  St«dy  (tae  Chaptar  3)  k 
ptnhlaMattrai  aid  M«ld  men  ba  raoday  raaelvad  by  OapMlawal  aMlyau 

'Total  iraia  hidadtt  whaol,  rko,  aad  coana  i^laa  bat  axdadat  palstt  A«  thown  to  Table  ia>3.  there  are  no  aqaatkmi  Hi  the  GOL  aiodal  thai  rtpiaaant  palMt- 
Mad.  or  aiaal  aad  4ilry  prodaeu  oa  a  iHiaiipiii  baait  Ibr  thia  rapoa 


Tables  18-12  and  1H.-.13.  Since  GOL  meat  projec- 
tions are  genenilly  not  computed  for  individual 
LOC  regions  (but  for  LDCs  as  an  aggregate, 
instead),  they  are  su^nmarized  separately  in  Table 
•8-14.  Over  ;hc  197O-200O  period,  thfc  percentage 


of  total  grain  consumption  (including  pulses)  used 
for  livestock  food  in  the  LDCs  is  relatively 
constant  at  roughly  10  percent,  whereas  it  grows 
from  roughly  70  percent  to  roughly  80  percent  in 
the  industrialized  nations  over  the  same  period. 
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T  *     K  lg-13 

Summary  Denuuid  and  Trade  Statistics:  Low-Income  North  Africa  and  Middk  East ' 

(Hedrnm- Growth,  Rtsmu  En'*ri(\  Prue  Cttsei 


19  ^ 


1985 


2000 


Population  fmUhons)  116  5 

Per  Capita  GNP*^  (constant  1970  dollars)  188 


TotaJ  food  consumption  (/ 970  =  100) 
GOL  food  consumption  (1970  =  100) 
Total  grain  consumption*  fmiilion  metru 
ions) 

Wheat  food  usage  (mitiion  metric  tons) 
Rice  food  usage  imtllion  metru  tons) 
Coarse  grains  food  usage  (milium  metru 
tons) 

Coarse  grains  feed  usage  imilhon  metru 
tons) 

TotaJ  grain  imports'  (mtihon  metric  tons) 
Wheat  imports  fmi//iV^n  metric  tens) 
Rice  imports  f million  metric  tons} 
Coarse  grains  imports  (million  metric 
tons) 


Wheat  trade  price  (constant  1970  dollars 

per  metric  ton) 
Rice  trade  price  d  onstant  1970  dollars 

per  metric  ton) 
Coarse  gram  trade  pnce  (constant  1970 

dollars  per  metric  ton ) 


POPUI  AMON  AND  PER  CaPIFA  GNP 


155  I 
306 


^29.8 
663 


Average  Annua]  Percent 
Growth 


1970-85 


2.4 

3.3 


1^    wi  f  1 1  mr't/^wi 
V^UNSUMr  I  \\JVi 

100 

164 

271 

3.4 

100 

164 

X  /  1 

35  3 

52,8 

77  ^ 

7  7 

19.8 

29,6 

43,0 

2  7 

1  5 

2,2 

3  7 

2,6 

94 

^          14  3 

21,2 

2,8 

46 

6  7 

9  6 

2  5 

Net  Trade 

5  ^ 

11,0 

12  8 

5.0 

5  4 

3.3 

4.1 

2  9 

-0.4 

-0,4 

0  2 

0,0 

0  3 

3  2 

8.5 

17  1 

RiiAi  Prices 

62  90 

86.27 

129  29 

2,1 

204.21 

280,85 

80.03 

125.50 

1985-2000 


2,2 
5.3 


34 
3,4 

26 
2,5 
3,5 

2.7 

24 

10 

-4.6 

6.7 


27 
2  1 
3,0 


•TTlwt  Oturtt  Mt  repr««c«utive  of  the  towe^t  level  of  di«afgre|4Mon  wilhin  the  GOL  model  and  ciled  lo  itiumiiutc  (he  CK)L  meihodotogy  Whck  Depwtmeni 
•>aiy«t  ire  ft«Mw«My  confident  of  '  GOL  model  t  compittitionf  at  the  higher  level*  of  Acgreffttion  pre^nted  m  Chapter  6.  they  would  prefer  that  the«  more 
■■■■riiMif  fnifictiom% oof  be  cited     Global  2000  Study  prelections 

^Tto  retetitmaip  orfh2M  exofenovv  growth  rate  <««umptioni  (a«  reported  it*  the  GOL  model  output)  to  iho%c  developed  for  the  Ctobal  2000  Study  {sn  Oaptcr  ^)  n 
proMtmalicai  aad        oat  be  readily  revolved  by  [>epaf1ment  analysts 

•  TottJ  gn^R  mchMtes  wheat,  rice,  and  coarse  grains  but  excludes  pulses  As  shown  in  TaWe  18~3  there  are  no  equations  in  the  GOL  mode]  thai  fepresem  pyJses 
m€9l.  Of  flbtat  Mid  dairy  products  on  •  disaggregated  basis  for  ths  region 
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TABLE  lft.14 

Summary  Meat  Statistics:  Less  Developed  Countries  and  Industrialiaed  Nations'* 

(M*dium-Growth»  Rising  Energy'Price  Case} 


Average  Annual  Percent  Growth 


1970 


1965 


Less  developed  countries 
Industrializ<Kl  nations 

Less  developet*  countnes 
IndusthaJized  nations 

Less  developed  countnrs 
Industrialized  nations 

Lessxicveloped  countnes 
Industrialized  nations 

Less  developed  countnes 
Industrialized  nations 


2000 


1970^85 


198W00O 


Meat  Pkoduction  (million  metric  tans) 

6.5                10.5                19.6  3  2 

46.6                63.1-                75.2  2  0 

Meat  Consumption  {million  metnc  tons) 

5  6                 9.3                16.1  3.4 

47  3         ,       63.2                77.  t  2  0 

Pe»  Capita  Meat  Consumption  ^  {kilograms) 

3.2                 3  7                 4.6  1  0 

67.6                82  9                94,3  1  4 

Per  Capita  Grain  Consumption  for  Food'  ihlograms) 

J559               181.7               1886  1.0 

172.5               170.2               163.4  -0  1 

Per  Capita  Grain  CoNiUMPTiON  for  Feed'  {kilograms) 

17.0                19,4                23,8  0,9 

362,0              440.1               585.6  1,3 


42 

1.2 

3  7 
1.3 

1.5 
09 

02 
03 

1.4 

1,9 


AsUiowft  w  TaWe  lt-3.-i*eTe      no  e<|utU<««  in  the  GOL  model  ihM  rerrweoi  ir^  va^y  .«!  4kmMd  for  the  centnOly  pUnned  counties  However,  meat 
jro«fcKt.  «e  dMoresaCed  wKbn  xu  GOL  modrl  tor  tlw  leu  developed  couatrie*  and  indtMiialned  ubons,  nJio  »  ttewn  m  Table  lt-3 
*•  No*  perfectly  cofMutenf  with  Tables  6-6  amf  6-4,  dve  to  dncrepuictes  noted  m  (bocnotc  b  of  TaNe  l»-6 

•  Toul  graifl  incMcft  wfceai  net.  and  coarse  |raiRS  but  exchides  pulses  As  sbown  ifl  TaWe  li-3.  tbere  are  no  etvuctioR^  in  the  GOL  model  that  represcm  pulses, 
meal  or  mea*  and  dairy  prodvcit  on  a  dtsaggregaUd  basis  for  tbs  rcfion  v 
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Thejre  is  at  present  no  adequate,  formal  and 
precise  means  of  projecting  world  trends  for 
renewable  resources  such  as  water,  forestry,  fish- 
eries, soil,*aod  the  environment.  In  some  cases 
(fisheries  arid  forestry),  agency  experts  have  hu- 
mored the  staff  of  the  Global  2000  Study  by 
developing  world  forecasts  of  renewable  resources 
to  the  year  2000,  but  with  one  exception  "  none 
has  presented  the  Study  with  a  forecast  based  on 
an  explicit  mathematical  model.  In  fact,  all  were 
convinced  that  in  their  areas  of  expertise  descrip- 
tive and  judgmental  analyses  were  more  accurate, 
objective,  and  illuminating  than  projections  based 
on  mathematical  models,  given  the  present  state 
of  the  art. 

Description  and  judgmeqtal  analyses  are  some- 
times depreciated  as  "unscientific."  However,  it 
is  just  as  possible  to  be  scientific  without  being 
mathematical-  as  it  is  to  be  mathematical  without 
being  scientific.  Indeed,  applying  mathematical 
techniques  (e.g.,  regression  analysis)  prior  to  the 
development  of  an  adequate  conceptual  theory  or 
hypothesis  leads  to  pseudo-scientific  reasoning— 
and  often  to  precise  bui  incorrect  conclusions. 
Therefore,  the  lenewable  resource  projections 
should  not  be  considered  less  credible  or  less 
scientific  be-^use  Ihey  are  not  mathematical.  In 
fact,  it  might  ^be  more  appropriate  to  respect  the 
analysts  for  applying  tools  appropriate  to  piiesent 
Ihnitations  of  knowledge  in  the  areas  in  which 
they  are  working. 

This  chapter  wil'  discuss  tiie  methods  by  which 
the  renewable  resource  projections  in  this  volume 
were  made.  All  such  forecasts  were  derived  from 
verbal  models,  and  each  description  of  the  method 
used  will  be  preceded  by  a  few  generalizations  as 
to  why  verbal  models  were  preferable  and  why 
good  quantitative  forecasts  could  not  be  made  for 
that  particular  resource. 

What  do  wat^,r,  forestry,  fisheries,  soil,  and  the 
environment  have  in  common  that  make  them 
difficult  to  forecast?  For  one  thing,  in  the  United 
States  all  have  historically  been  considered  '*fi-ee 


*Thc  Brookhaven  Nationai  Laboratorv  developed  the  math- 
cmalicaJ  mode!  of  the  the  energy  sector's  impacts  pn  (he 
environment  dfscnbed  at  the  end  of  this  chapter 


goods.''  No  agents  keep  track  of  free  goods,  and 
the  incentive  for  the  systematic  monitoring  of 
renewable  resources,  particularly  on  a  worW  level, 
has  been  almost  nonexistent.  Thus  firm  concepts 
and  data  bases  for  making  forecasts  are  lackiilg.  As 
free  goods  in  our  economic  system,  renew^le  re- 
sources have  been  the  dependent  vari^les  of 
commodities  with  higher  priorities.  The  fate  of 
forest  lands  is  apt  to  be  determined  by  agricultural 
or  grazing  needs;  water,  as  it  flows  from  one  use  to 
another,  becomes  laden  with  wastes;  estuaries  are 
wiped  out  in  the  course  of  urbanization^  All  these 
circumstances  baffle  attempts  at  measurement, 
thwart  record  keeping,  and  make  precision  dif- 
ficult, so  that  the  exact  future  of  things  tends  to 
become  **anybody's  guess.'" 

In  the  last  decade,  local  scarcities  have  wrought 
a  few  changes  in  the  free  goods  mentality.  The 
inclination  to  keep  track  of  water,  forest,  fish,  and 
soil  resources  has  grown  stronger.  New  technolo- 
gies have  made  the  keeping  of  accounts  easier/ 
Satellite  photography  has  proved  useftil  in  gather- 
ing global  data,  and  computer-based  data  process- 
ing has  expedited  the  storing,  sorting,  and  digest- 
ing of  information.  The  primary  bottleneck  to 
effective  analysis  at  this  moment  is  msuflficient 
institutional  recognition  of  ecological  concepts  and 
the  absence  of  stable  analytic  institutions  and 
coordination  of  efforts.  Work  is  being  done  at 
universities  scattered  throughout  the  country  and 
in  various  departments  of  government,  and  con- 
cepts have  been  developed,  but  there  is  often  no 
consensus — and  in  some  cases,  no  communica- 
tion— among  experts  working  on  the  same  re- 
source problem.  Where  there  is  consensus,  the 
means  for  implementing  fmdings  aboijt  effective 
resource  management  are  often  lacking. 

A  seco^  1  trait  of  renewable  resources  that 
thwarts  projection  is  the  tendency  for  one  re- 
source problem  to  become  inextricably  inter- 
twined with  another.  Consequently,  problems  are 
difficult  to  examine  in  isolation.  Hydrologic  re- 
gimes and  soil  problems  are  greatly  influenced  by 
watershed  msmagement,  which  often  is  a  forestry 
matter.  Forestry,  in  turn,  is  influenced  by  at- 
tempts to  extend  agricultural  production  and  by 
mstitutional  questions,  such  as  what  cutting  prac- 
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tices  are  permitted  and  how  much  grazing  is 
pcrmissablc  in  forest  lands.  Where  wood  is  used 
as  a  fuel,  the  prices  and  availabilities  of  alternative 
fuels  is  also  critical  in  predicting  the  future  of 
forestry. 

Lastly,  renewable  resources  are  difficult  to 
forecast  because  their  dynamics  frequently  include 
circumstances  wheret  cause  and  effect  are  widely 
separated,  in  time,  space,  or  in  both.  Trees 
planted  now  will  not  become  harvestable  timber 
until  after  the  ye^  2000.  Gradual  increases  in 
intensity  of  exploita'tion  of  soil  systems  may  have 
no  noticeable  effect  until  a  severe  drought  sets  in. 
Toxins  can  be  carried  through  the  food  cl  ain  for 
long  periods  of  time  until  they  become  sufficiently 
concentrated  in  the  higher  predators  and  cause 
severe  damage.  In  such  situations,  it  is  often  not 
quite  clear  what  is  happening  until  after  it  has 
happened,  and  the  chances  of  subtle  changes  in 
renewable  resource  systems  being  overlooked  are 
high. 

Water 

The  institutional  history  of  water  projections  is 
an  interesting  contrast  to  those  of  other  resources. 
The  U.S.  Geological  Survey  has  taken  an  interest 
in  predicting  water  supply  since  the  time  of 
Theodore  Roosevelt,  and  national  assessments 
have  taken  place  on  a  regular  basis  since  the 
1950s.  The  net  experience  of  these  years  of 
forecasting  has  turned  the  Survey  somewhat 
against  attempting  to  make  forecasts  of  a  general 
nature  over  broad  regions.  us»ng  simple  quantita- 
tive measures.  They  have  found  local  inquiries 
and  ''problem  identification"  approaches  more 
useful.  The  reason,  as  described  in  an  early  draft 
of  the  water  forecast  for  the  Global  2000  Study,  is 
that: 

There  is  really  no  such  thing  as  a  global  water 
economy  in  the  same  sense  as  for  example, 
minerals  and  fuels.  A  surplus  in  one  place  is  of 
litth  use  elsewhere.  Cost  limits  the  transport  of 
water.  \.lcr  problems  are  usually  local,  rather 
than  global. 

Thus,  while  in  other  areas  there  has  been  mount- 
ing pressure  in  the  government  to  keep  rational 
inventories — and  global  inventories  where  there  is 
reason  to — the  trend  in  water  forecasting  has  been 
one  of  increasinjg  emphasis  on  problem-specific 
studies.  Nevertheless,  the  Water  Resources  Divi- 
sion of  the  U.S.  Geological  Survey  provided  the 
Global  2000  Study  with  some  global  water  fore- 
casts, describing  how  they  were  constructed  and 
adding  commentary  for  the  purpose  of  identifying 
the  problems  involved. 
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Water  is  a  fluid  substance  in  more  ways  than 
one.  On  the  supply  side,  it  slips  through  all 
attempts  to  achieve  a  unifoitn  definition  uf  ''sup- 
ply/* Does  one  inventory  surface  water?  Ground- 
water? What  about  multiple  usage?  How  does  on'i 
take  into  account  water  that  would  be  available  if 
the  transportation  system  were  adequate?  A  dif- 
ferent answer  to  any  of  ine  above  questions  couM 
halve  or  double  **water  supply." 

On  the  demand  side,  it  is  difficult  to  hold  water 
to  fixed  relationships.  Where  water  has  been 
considered  a  **free  good,"  the  pattern  of  water 
utilization  is  the  product  of  complex  forces  of 
cultural  and  technological  evolution.  The  amounts 
of  water  required  for  specific  industrial  processes 
often  vary  by  a  factor  of  two  or  more,  without 
significant  cost  savings  associated  with  the  more 
water-intensive  process.  Per  capita  consumption 
in  national  cross  sections  does  not  closely  follow 
per  capita  incomes.  In  short,  there  is  very  little  to 
hang  onto  in  making  predictions;  water  use  pat- 
terns are  highly  variable  and  could  assume  forms 
quite  different  from  those  we  observe  today 
should  water  scarcity  become  a  problem. 

Given  this  nebulousness,  the  methodology  of 
global  water  forecasts  is  quite  arbitrary,  and  the 
forecasts  themselves  not  especially  meaningful — 
which  is  why  Chapter  9,  ''Water  Projections,*' 
confined  itself  largely  to  descriptions  of  the  nature 
of  water  as  a  resource  and  explanations  of  why, 
meaningful  forecasts  are  not  possible.  The  two 
foiecasts  of  global  water  demand  for  the  year  2000 
were  chosen  not  for  their  excellence  but  because 
other  global  water  forecasts  could  not  be  found. 
The  two  estimates  differ  by  more  than  an  order  of 
magnitude,  and  the  assumptions  on  which  they 
were  based  are  not  publicly  documented. 

The  water  forecast  chapter  concludes  with  a 
statement  to  the  effect  that  local  water  shortage 
problems  will  be  much  more  common  by  2000 
than  they  are  now,  but  that  quantitative  forecasts 
on  a  global  basis  are  simply  not  possible. 

Fisheries 

No  U.S.  government  agency  is  vested  with  the 
responsibility  to  make  long-term  global  forecasts 
of  the  fish  catch,  but  the  Global  2000  Study  turned 
to  the  one  agency  capable  of  producing  such 
forecasts:  the  National  Marine  Fisheries  Service 
of  the  Commerce  Depa'tment's  National  Oceanic 
and  Atmospheric  Administration.  It  was  decided 
that,  given  the  present  state  of  the  art  of  fisheries 
modeling,  a  verbal  description  ot  the  operational 
characteristics  of  marine  resource  behavior  com- 
bined with  inferences  drawn  from  historical  data 
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on  the  fish  catch  would  better  serve  the  Study's 
purposes  than  output  from  a  formal  model.  Thus, 
the  fisheries  forecasts  (Chapter  7)  are  based  on 
empirical  evidence  and  on  ecological  reasons  why 
certain  outcomes  can  or  cannot  be  expected. 

Ecological  analysis  can  provide  statements 
about  potential  supply  but  not  about  demand.  In 
the  marine  resources  forecast,  statements  of  de- 
maiid  were  synopsized  from  FAO  sources  and 
from  the  work  of  Frederick  W.  Bell  and  his 
colleagues  at  the  National  Marine  Fisheries  Serv- 
ice. Both  demand  forecasts  were  based  on  as- 
sumptions about  population  and  income  growth 
and  income  elasticities  of  demands  for  marine 
products.  The  B-11  analysis  also  took  into  account 
supply  constraints  and  the  pressure  on  prices 
generated  by  inelastic  supplies. 

The  concepts,  precepts,  and  methodologies  of 
ecology  and  economics  are  fundamentally  differ- 
ent and  stand  at  odds  with  one  another.  This 
disagreement  appears  clearly 'in  the  fisheries  re- 
source forecast.  The  ecologically  derived  supply 
estimates  state  that  it  will  be  reasonable  to  expect 
a  global  catch  of  around  60  million  metric  tons  in 
the  year  2000 — if  environmental  degradation  does 
not  reduce  the  basic  productivity  of  the  oceans. 
The  economically  derived  FAO  projection  states 
that  demand  for  marine  harvests  in  1985  will  have 
reached  106.5  million  metric  tons  with  the  impli- 
cation that  it  will  probably  increase  thereafter. 
The  economic  estimate  by  Bell  projects  that 
demand  in  the  year  2000  will  have  reached  83.5 
million  metric  tons.  It  is  left  to  the  reader  to 
reconcile  the  difference  between  supply  and  de- 
mand forecasts. 

Forestry 

No  U.S.  government  agency  keeps  records  or 
does  analysis  of  forestry  on  a  worldwide  basis. 
The  Global  2000  Study  turned  to  the  CIA  s 
Environmental  and  Resources  Center  for  assist- 
ance. The  projections  provided  by  the  Center 
were  based  on  a  review  of  the  literature  o$  forest 
economics  and  ecology,  combined  with  informed 
judgment.  Where  sources  were  in  conflict — as,  for 
example,  when  ecologic  and  anthropologic  fore- 
casts came  to  different  conclusions  about  sustain- 
ability  of  slash-and-bum  agriculture — the  source 
with  the  stronger  empirical  evidence  was  pre- 
'  ferred. 

The  focus  of  the  projections  presented  in  Chap- 
ter 8  is  the  anticipated  supply  and  demand  for 
forest  products  and  the  costs  incurred  in  supplying 
them.  These  variables  were  considered  separately 
for  each  of  the  major  forest  regions  of  the  world. 


A  separate  section  is  devoted  to  the  problems  of 
the  humid  tropics. 

The  strongest  structural  concept  developed  was 
the  distinction  between  forest  usage  patterns  in 
the  industrialized  countries  and  in  the  less  devel- 
oped countries.  The  former  countries  have  sub- 
stantially more  wood  per  capita  and  use  their 
forest  resources  primarily  in  forest  products  indus- 
tries, while  the  latter,  with  less  wood  per  capita, 
use  a  large  portion  of  their  wood  as  fuel.  The  two 
patterns  are  expected  to  lead  to  very  diflferent 
consequences  by  2000.  No  formal  mathematical 
structure  was  developed. 

Environment 

As  the  Global  2000  Study  was  originally  de- 
signed, each  agency  forecast  was  to  include  an 
analysis  of  the  environmental  ramifications  of  its 
projections.  As  forecasts  were  received,  the  Study 
team  began  to  realize  that  the  original  design  was 
unrealistic.  While  most  agencies  have  some  capac- 
ity to  do  environmental  analyses,  that  capability 
can  seldom  be  adapted  to  maldng  long-term  fore- 
casts on  a  global  basis.  The  analyses  of  environ- 
mental implications  appended  to  most  of  the 
forecasts  were  minimal  or  nonexistent.  As  a  result 
it  was  necessary  for  the  Global  2O0fi  Staff  to 
contract  out  part  of  the  environmental  analysis 
and  undertake  part  of  this  work  itself.  On  the 
basis  of  recommendations  made  by  the  stafft  of 
the  Environmental  Protection  Agency  and  the 
Council  on  E^ivironmental  Quality,  the  water-en- 
vironment forecast  was  contracted  to  Threshhold, 
Inc.,  a  Washington,  D  C,  environmental  consult- 
ing company;  the  marine-environment  section  was 
contracted  to  the  Marine  Laboratory  at  Duke 
University  and  to  George  Wbodwell  at  Woods 
Hole  Marine  Biological  Laboratory;  and  the  sec- 
tion on  habitat  loss  and  species  extinction  w^ 
produced  by  the  World  Wildlife  Fund,  Washing- 
ton. DC.  , 

The  eneigy-environment  forecast  was  alone  in 
proceeding  more  or  less  according  to  the  original 
plan.  The  Department  of  Eneigy  contracted  to 
have  Brookhaven  National  Laboratory  prepare  an 
analysis  of  the  environmental  implications  of  the 
energy  projectioas.  This  was  interpreted  by  the 
Global  2000  Study  Staff  after  receiving  comments 
and  criticisms  from  analysts  at  the  Environmental 
Protection  Agency. 

The  energy-environment  forecast  was  based  on 
a  computer  analysis  of  the  energy  use  figures 
forecast  by  the  energy  model.  The  methodology, 
focus,  and  structure  of  that  model  is  described 
below.  Other  sections  of  the  environmental  fore- 
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casts  were  made  using  the  normal,  judgmental 
techniques  of  scholarly  research. 

Environment  was  defined  for  this  study  as 
''ability  to  support  life,'*  and  emphasis  was  placed 
on  qualitative  and  quantitative  aspects  of  the 
ability  to  support  human  life  and  to  stabilize  and 
sustain  environmental  systems.  Particular  atten- 
tion was  given  to  situations  where  large  portions 
of  the  world*s  population  or  surface  areas  would 
be  affected,  or  where  widespread  irreversible 
damage  might  be  incurred  by  changes  affecting 
the  environment. 

Environmental  forecasts  followed  the  basic 
structure  of  the  other  forecasts.  For  each  main 
forecast,  an  environmental  forecast  was  made. 
Both  the  ways  in  which  the  environment  might  be 
expected  to  be  influenced,  according  to  the  fore- 
cast, and  the  ways  in  which  environmental 
changes  might  influence  the  forecast  were  dis- 
cussed. Where  there  was  a  clear  overlapping  of 
subject  matter,  as  with  ajgriculture,  forestry,  and 
water,  the  subject  matter  was  apportioned  accord- 
ing to  the  analyst's  best  judgment. 

Eiiergy-Environnient  Model 

The  Energy  Systems  Network  Simulator 
(ESNS)  was  developed  at  Brookhaven  National 
Laboratory  in  1974.  The  model  is  designed  to 
permit  highly  detailed  analyses  of  the  environmen- 
tal impacts  of  energy  flows  in  the  U.S.  energy 
system.  It  feeds  on  data  from  the  Brookhaven 
Eneiigy  Data  Base  and  other  data  bases. 

Through  a  process  of  aggregation  of  disaggre- 
gated categories,  simplification  of  mathemat- 
ical structure,  and  replication  of  the  simplified 
structure  for  various  regions,  the  U.S.  ESNS 
model  has  been  adapted  to  interface  with  khe 
International  Eneigy  Evaluation  System  (lEEb) 
described  in  Chapters  10  and  20. 

The  adaptiiion  was  not  made  without  difficulty. 
The  International  version  required  assumptions 
about  emissions  control  standards  on  a  worldwide 
basis.  Without  estimates  of  pollution  control 
measures  to  be  taken  in  other  regions  of  the 
world,  the  Brookhaven  analysts  assumed  i.iat 
U.S.  regulatory  practices  would  be  adopted  on  a 
global  basis.  While  a  few  countries  may  adopt 
more  stringent  regulatory  policies  than  the  U.S., 
most  will  probably  apply  lower  standards.  Thus 
the  model  tends  to  understate  emissions. 

The  output  from  the  lEES  model,  in  particular 
the  estimates  for  fuel  consumption  by  end  uses 
for  the  LDCs,  the  OPEC  regions,  and  the  cen- 
tially  planned  economies,  were  far  too  aggregated 
for  use  in  the  ESNS  model.  The  required  degree 
of  disaggregation  for  the  LDCs  and  OPEC  coun- 


tries was  developed  using  estimates  for  end-use 
distribution  of  fuel  types  from  the  WAES  (Work- 
shop on  Alternative  Eneigy  Strategies)  study.* 
The  WAES  scenarios  used  in  both  these  cases  for 
lEES  low,  medium,  and  high  rates  of  growth 
were,  for  1985: 

Jow  WAES  scenario  D 

medium  Weighted  average  of  high 

and  low 

high  WAES  scenario  C 

and  for  1990: 

low  WAES  scenario  D7 

medium  and  high    Scaled  from  1985  figures  in 

proportion  to  total  fuel 

use 

Estimates  for  the  centrally  planned  economies 
were  based  .on  the  estimates  for  Eastern  Europe 
and  China  presented  in  the  1977  Annual  Review 
of  Enerf^y.f 

Finally,  the  lEES  estimates  included  neither 
base-case  figures  nor  estimates  for  years  after 
1990,  which  limited  the  Brookhaven  analysis  to 
projections  Ibr  1985  and  1990. 

Mechanics  of  the  ESNS  Model 

Mechanically,  the  lEES  adaptation  of  the 
ESNS  model  is  simply  an  accounting  device  that 
calculates  annual  emissions  inventories.  Basically, 
it  entails  no  more  than  repeated  use  of  the 
fdlowing  formula  and  summations  across  end-use 
(sectoral)  categories  and  across  fuel- type  cate- 
gories: 

Total  regional  energy  end  use  (by  fuel  type) 
X  Emissions  generated  (by  emission  type)  per 
unit  of  energy  end  use  (by  fuel  type) 

-  Total  regional  emissions  generated  (by 
emission  type). 

Mathematically,  the  operations  are  carried  out 
using  matrix  algebra;  thus  the  multiplier,  multipli- 
cand, and  product  in  the  nbove  formula  are  all 
tabular  blocks  of  numbers  (matrices)  when  the 
actual  operations-  are  carried  out.  Sample  values 
for  one  of  the  I87t  matrix  multiplications  per- 
fomied  by  the  model  matrices  are  shown  in  the 
accompanying  example. 

Identical  calculations  were  performed  for  each 
of  the  17  regions  considered  in  the  model.  Similar 


*t:nerfi\  Ohhul  Pm\peit\  I m -2000.  New  York:  McGraw- 
Hill.  W7. 

+Jack  M.  Hollander,  eo..  Annua f  Revien  oj  Lnerfi\\  vol  2, 
Palo  Arto^W..  1977.  , 

t Eleven  ^missions  categones  are  estimated  for  each  of  17 
regions' 


OGt; 


RENEWABLE  RESOURCES 
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MULTIPLIED  BY 


EQUALS 


Sulfur  Dioxide  Generation  (in  l(f  short  tons)  oer  Year,  Canada,  1985 
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Fuel  Use,  Canada,  1985  (W»  Btu  perVcar) 
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calcuialions  were  peiformed  for  each  of  the  fol 
Sowing  II  classes  of  environmental  effects: 

Carbon  dioxide 

Carbon  monoxide 

Suiftirdioxide  ^ 

OxidM  of  nitrogen 

Hydrocarbon  emissions 

huliculate/missions 

Land  use  associated  with  fiiel  combustion 

(e.g.,  powerplants) 
Solid  waste 
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Tritium  emissions 

^  Population  exposure  to  ionizing  radiation 
Solid  high-level  (nuclear)  Wastes 

Given  the  uncertain  nature  of  the  lEES  outputs, 
these  calculations  are  only  first  approximations. 
As  the  model's  structure  is  static  and  linear,  ihe^^ 
quality  of  outcomes  are  totally  <|ependent  on  m 
quality  of  the  input  and  the  emissions  coefficients. 
The  model's  structure  will  shed  no  insight  into  the 
dynamics  of  the  question  beiT«  asked.  Much  of 
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the  data  used  for  fuel-specific  ^nd-use  estimates 
of  energy  consumption  for  the  centrally  planned 
economies  has  had  to  be  guessed  at  or  inferred. 
The  reliability  of  the  lEES  inputs  used  to  drive 
the  model  is  not  abeve  question  (as  described  in 
Chapter  20), 

And  it  is  almost  certain  that  the  emissions 
estimates  for  many  regions — because  they  antici- 
pate the  adoption  of  U.S.  new-source  emission- 
standards^are  too  low. 


The  ESNS  results  produced  for  the  Global  2000 
Study  are  little  more  than  a  demonstration  of  how 
global  emissions  inventories  could  be  developed  if 
time,  money,  and  data^were  made  available  to 
undertake  the  Calculations.  Beyond  this,  the 
model  does  provide  a  first-cut  approximation  of 
environmental  effects  of  the  energy  sector.  For  all 
its  arbitrary  assumptions,  this  estimate  may  be 
more  realistic  than  the  intuitive  guesses  that  most 
experts  would  make  without  a  mathematical  cal- 
culating device. 


f 
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The  Energy  Information  Administration  of  the 
U.S.  Department  of  Enerigy  has  lead  responsibility 
within  the  federal  government  for  collecting  and 
disseminating  eneiigy  information  and  performing 
energy  forecasting.  The  agency  produces  short-, 
mid-,  and  long-range  forecasts  both  of  individual 
fuels  and  of  integrated  multifuel,  multisector  bal- 
ances. The  international  forecasts,  which  make 
use  of  both  dbmestic  and  intemationa!  work  done 
by  several  divisions  of  the  agency,  are  the  respon- 
sibility of  the  International  Analysis  Division. 

The  International  Analysis  Division  in  the  Of- 
fice of  Integrative  Analysis  of  the  Energy  Infor- 
mation Administration  produces  forecasts  of  inter- 
national energy  statistics  for  use  within  tVie 
Department  of  Eneiigy.  To  reflect  the  range  of 
uncertainty  in  basic  assumptions,  the  forecasts  arc 
usually  made  in  multiple  sets,  each  based  on 
different  policy  or  scenario  assumptions.  As  in 
most  forecasting  exercises,  the  Division  feels 
more  confident  of  its  methods  in  performing 
relatiV^e  impact  analyses  than  in  making  single 
point  estimates.  Analyses  are  focused  on  the 
industrialized  countries  and  are  done  in  less  detpit 
for  the  entire  world.  The  only  documented  set  of 
forecasts  produced  by  .the  Division  to  date 
those  contained  in  World  Energy  Prospect 
report  prepared  in  what  was  then  the  Fci 
Energy  Administration  (FEA)  and  released 
limited  official  use  in  mid- 1 977. 

To  make  its  forecasts  for  the  Global  2000  Stu  ly, 
the  International  Analysis  Division  '•ecalculated  all 
data  dependent  on  population  or  GNP  as  inputs 
(this  is  much  of  the  demand  sector  data),  using 
the  Global  2Q00  forecasts  for  these  Variables. 
Since  the  demand  sector  forecast  is  based  on  an 
econometric  analysis  of  past  behavioral  response 
to  relative  fuel  prices  and  GNP,  the  Division  did 
not  think  it  appropriate  to  extend  the  forecasts 
beyond  15  years  and  chose  to  Mop  at  1990.  Since 
the  Energy  Information  Administration  is  cur- 
rently developing  a  longrrun  forecasting  capability, 
it  was  unwilling  to  reproduce  any  other  single 
forecast  as  ai;  oflRcial  government  projection. 
Instead,  the  division  surveyed  competing  views 
on  the  international  energy  market  in  the  year 
2000  (see  Chapter  10). 
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Key  Analytic  Methodology 

All  of  the*  international  quantitative  forecasts 
provided  by  'tl^  Energy  Information  Administra- 
tion are  based  on  the  Interriktional  Eneiigy  Evalu- 
ation System  (lEES).  lEES  is  a  mathematical 
representation  of  the  world  eneiigy  market  and  is 
therefore  only  a  partial  equilibrium  model.  The 
heart  of  lEES  is  a  linear  progranuning  matrix  that 
combines  large  amounts  of  inter  »ational  energy 
market  data  to  make  the  final  forecasts.  The  linear 
programming  model  approximates  tl^  workings  of 
a  competitive  economic  market.  Supplying  the 
data  to  the  matrix  are  six  lEES  ^'submodels," 
which  may  themselves  be  forecasting  computer 
models  maintained  by  the  International  Analysis 
Division  or  may  be  simply  procedures  for  obtain- 
ing and  adapting  data  from  outside  sources.  The 
six  submodels  are  namec'  *br  the  type  of  data  they 
yield  for  use  in  the  linear  programming  matrix: 
demand;  supply;  transportation;  electric  utilities; 
refining;  and  miscellapeous  conversions. 

the  methods  used  to  produce  the  input  data  to 
the  linear  program  v)ury  With  the  submodel.  Each 
of  the  six  submodels'^relies  on  considerable  outside 
data;  even  the  submodels  that  consist  primarily  of 
omputer  models  require  input  data  from  outside 
^:  International  An-^ysis  Division.  How  (and 
iOw  much)  each  si  jmodel  proce:;ses  its  mput 
teta  to  produce  data  for  the  linear  program  varies, 
however.  The  demand  submodel  produces  original 
econometric  forecasts  on  the  basis  of  certain 
economic  and  demographic  input  data.  The  elec- 
tric utilities  submod^^l  uses  computer  programs  to 
convert  international  industrial  statistics  into  esti- 
mates of  regional  electric  production  capacities, 
technologies,  and  costs.  The  supply,  irareporta- 
tion,  refining,  and  miscellaneous  conversions  sub- 
models simply  collect  data  from  outside  sources, 
for  the  most  part,  making  adjustments  where 
necessary. 

The  creation  of  the  I€ES  model  was  part  of  the 
federal  government's  response  to  the  exporters' 
oil  embj.go  of  1973-74.  The  embargo  aroufcd 
conceni  within  the  U.S.  over  the  nation's  exten- 
sive reliance  on  imports  for  its  energy  supply. 
That  winter,  President  Nixon  expressed  the  inten- 
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tion  of  the  government  to  help  make  the  country 
energy  independent  by  the  year  1980.  Activities  to 
this  end  were  designated  "Project  Independence." 
The  Federal  Energy  Administration  was  created 
irf  May  of  1974  to  handle  many  of  the  govern- 
ment's energy-related  activities.  Within  it,  severai 
divisions  as  a  group  were  to  handle  all  energy 
data  management  and  forecasting.  Of  these,  the 
Supply  and  Integration  Division  was  responsible 
for  combining  the  information  compiled  by  the 
other  divisions  to  evaluate  both  the  ability  of  the 
nation  to  attain  its  Project  Independence  goal  and 
•  the  impact  of  alternative  policies  and  scenarios  on 
this  ability. 

To  this  end,  it  oigapized  the  quantitative  data 
produced  by  the  various  divisions  into  a  single 
body  according  to  an  accounting  framework, 
which  it  developed,  called  the  Project  Independ- 
ence Evaluation  System  (PIES),  The  staff  of  the 
^upply  and  Integration  Division,  consisting  pri- 
manly  of  economists  and  operations  researchers, 
developed  PIES  into  a  sin^e  linear  programming 
model  of  the  U.S.  national  energy  system  that 
draws  on  the  data  banks  and  quantitative  forecast- 
mg  procedures  developed  by  the  other  divisions 
for  its  input  data. 

Meanwhile  the  FEA  International  Division,  re- 
sponsible for  the  same  types  of  estimates  and 
forecasts  on  a  worldwide  basis,  began  develop- 
ment of  a  parallel  model  called  the  International 
Energy  Evaluation  System,  which  has  been  briefly 
described  above.  lEES  is,'  in  effect,  an  adaptation 
of  PIES  The  International  Division  staff,  also, 
primarily  economists  and  operations  researchers, 
reproduced  the  PlES  methods  and  structure  al- 
most exactly  for  the  sake  Qf  consistency.  Data 
limitations  required  a  few  deviations.  The  model- 
ing capability  behind  PIES  and  lEES  has  survived 
several  reorganizations  of  the  federal  energy  agen- 
cies. The  maintenance  and  running  of  PIES  is 
nov>  the  resfx^nsibility  of  the  Office  of  Analytic 
Methods  within  the  Energy  Information  Adminis; 
tration.  and,  as  already  mentioned,  updating  and 
running  lEES  is  the  function  of  the  International 
Analysis  Division  (IAD). 

fo  make  the  energy  forecasts  for  the  Global 
200()  project,  IAD  earned  through  the  standard 
{KHS  analysis  w^th  the  project's  forecasts  of 
population  and  ON  P.  The  Global  2000  forecasts 
replaced  the  population  and  GNP  estipiates  IAD 
usually  rehes  on.^Qlherwise  thv  special  run  of 
lEES  used  the  input  data  IAD  h,\s  compiled  for 
Its  standard  runs  of  lEES. 

When  all  of  the  necessary  data  of  the  six  types 
have  been  supplied,  the  lERS  linear  program 
matiix  contains  approximately  2,000  rows  and 
6,(XX)  columns   It  is  solved  by  the  WHIZARD 


linear  programming  package  on  an  IBM  370/168 
computer.  Solving  the  matrix  itself  takes  about  30 
minutes  of  computer  (CPU*)  time,  but  arranging 
the  large  volume  of  input  data  for  the  run  and 
printing  out  the  results  in  an  understandable 
format  takes  another  hour  of  computer  (GPU) 
time.  The  model  is  principally  written  in 
GAMMA,  a  matrix  generation  code,  while  the 
econometric  demand  submodel  utilizes  TSP.^ 

Bask  Principles 

I  EES  forecasts  international  energy  market  var- 
iables by  mathematically  representing  the  world 
energy  system  as  a  competitive  market.  Demand 
and  supply  are  assumed  to  equilibrate  through  the 
price  mechanism.  In  addition,  the  I  EES  organizes 
the  energy  flows  that  equilibrate  supply  and 
demand  so  that  the^  total  cost  of  the  processes  that 
convert  primary  fuels  to  delivered  consumable 
energy  products-^|fensportation,  refining,  conver- 
sion, and  electrical  generation — is  minimized,  un- 
der the  assumption  that  this  is  approximately  how 
a  real  competitive  market  operates.  The  data 
quantifying  world  energy  supply,  demand,  and  the 
costs  necessary  for  these  calculation?  are  supplied 
by  the  six  lEES  submodels,  which  act  largely 
^  independently  of  one  another  and  draw  on  their 
own  outside  data  sources.  The  data  are  arranged 
into  a  single  linear  programming  matrix,  which  is 
solved  to  meet  the  world's  final  energy  demands 
at  the  minimum  cost.  If  supply  and  demand  do 
not  balance  in  the  solution,  the  matrixes  rerun 
iteratively  with  adjustments  in  the  input  data  until 
the  two  are  nearly  equal. 

The  final  forecasts  made  by  lEES  consist  of  an 
**energy  balance''  for  each  separate  world  region. 
This  is  a  table  that  includes  the  quantities  of  each 
primary  fossil  fuel  the  region  will  produce  and  the 
quantities  of  each  final  energy  product  it  will 
consume.  Prices  are  also  determined  by  the  IRES 
but,  to  an  extent,  hese  arc  not  forecasts  unless 
some  constraint  is  placed  on  OPEC  production. 
^^The  demand  and  supply  quantities  are  forecasted 
initially  from  an  exogenously  assun[ied  set  of 
prices.  These  prices  are  adjusted  in  the  process  of 
equilibrating  supply  and  demand,  and  the  adjusted 
prices  are  output  by  lEES.  Thus  the  price  fore- 
•  casts  are  partially  dependent  on  the  assumption  iif 
price  used  a*  input  in  the  lEES  an<ilysi>. 

Ljkc  PIES,'  lEES  is  fiyant  to  simulate  a  modem 
competitive  energy  martet  that  deals  pnmarily  in 
fossil  fuels.  Member  countnes  of  the  ()rganiziition 
for  Economic  Cooperation  and  Development 
(OECD),  which  consume  SO  percent  of  the 
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world's  oil  production  and  are  generally  the 
world's  most  industnali^ed  nations,  are  treated 
nu)st  extensively  in  the  submcxiel  analyses,  though 
the  ^ubmooels  produce  data  for  every  part  of  the 
world.  (The  draereni  treatment  lEES  gives  to 
various  regions  of  the  world  is  depicted  graphi-  * 
cally  in  the.  color  map  section  in  the  map  entitled 
"Energy  Projections:  hitemational  Energy  Evalu- 
atioiT  ^>ystem  Methodology/^)  Pfetroleum,  natural 
gas,  and  cvsd  are  the  only  fuels  explicitly  modeled 
in  I  EES.  .Estimates  of  electrical  capacity  from 
nuclear,  hydro,  and  geothermal  power  made  by 
outside  sources  are  entered  into  the  calculations 
for  any  one  year  as  constants.  The  model  does 
not  forecast  their  growth,  but  by  making  multiple 
mns  with  different  nj^clear  anil  hydro  capacity 
assumptions  lEES  can  evaluate  the  impact  of 
different  growth  patterns  of  these  energy  sources. 
Because  the  so-called  soft  energy  sources— wood, 
solar  and  vvind — are  not  traded  internationally, 
they  are  not  explicitly  represented  in  lEES;  nor 
are  they  ordinarily  the  subjecti  of  impact  analyses 
made  with  lEES. 

Actual  market  perturbations  are  inc^luded  m 
lEES  wherever  possible,  TheriC  are  two  ways  in 
which,  the  actions  of  the  OPEC  countries  are 
represented.  In  any  one  run  it  is  assumed  either 
(1)  that  OPEC  sets  its  oil  production  at  a  definite 
amount  and  takes  whatever  price  for  oil  pkcvails, 
or  (2)  that  OPEC  sets  a  price  on  all  of  its  oil  and 
sells  as  much  at  that  price  as  is  needed.  In  the 
first  ca3e,  lEES  assumes  that  the  world  buys  all 
of  the  OPEC  oil,  then  resorts  to  other  sources  for 
the  rest  of  its  needs.  The  market  sets  oil  price.  In 
the  second  case,  the  OPEC  oil  price  is  automati- 
cally assumed  to^Re  the  price  for  all  oil  in  the 
worid.  To  meet  demand,  the  worid  buys  as  much 
OPEG  oil  as  it  needs  to  supplement  other  produc- 
tion. In  neither  type  of  run  is  OPEC  assumed  to 
have  any  direct  control  over  the  natural  gas  or 
coal  markets.  U.S.  price  controls  are  represented 
extensively.  There  is  also  some  average  pricing  of 
natural  gas  and  electricity  throughout  the  worid. 
IH  the  case  of  electricity,  the  cost  of  electrical 
generation  in  I  EES  depends  on  the  marginal  cost 
of  its  fuef  inputs,  but  the  price  of  electricity 
depends  on  the  average  cost  of  generation.  Price 
cotitrols  in  foreign  countries  are  also  included,  but  , 
less  comprehensively  than  those  in  the  U.S. 
because  information  on  them  is  less  complete. 

The  assumptions  of  supply-demand  equilibnum 
and  cost  minimization  are  what  justifies  calling 
IE£S  a  model  of  a  ^^competitive"  energy  market. 
As  explained  later,  the  I  EES  linear  programming 
matrix  is  solved  several  times  until  supply  and 
demand  arc  equal  (or,  technicalb^,  until  the  sum 
of  consumers'  and  producers'  surplus  is  maxi- 


mized). In  each  solution,  including  the  final  one 
used  as  the  basis  for  the  forecasts,  the  linear 
program  selects  the  fuel  sources,  transportation 
routes,  and  processing  procedures  that  make  the 
total  worid  cost  of  all  of  these  things  together  an 
absolute  minimum.  This  fomulation  follows  clas»- 
sical  micro-econbtnic  th^ry  in  that  demand  an(f 
suppiv  quantities  at  the  point  in  time  under^ 
analysis  are**  assumed  to  balance  exactly,  and  the 
human  actors  involved  are  assumed  to  act  so  as 
to  minimize  cost  (they  are  implicitly  assumed  not 
only  to  want  to  keep  energy-related  costs  at  a 
minimum,  -but  to  actually  have  the  knowledge, 
ability,  and  motivation  to  do  so).  The  lEES 
formulation  differs  from  classical  economics  in 
that  individuals  or  firms  are  not  necessarily  as- 
sumed to  be  minimizing  their  own  costs  or  maxi- 
mizing profits,  /ill  chbices  of  production,  transpor- 
tation, and  conversion  are  made  and  coordinated 
around  the  worid  to  minimize  the  total  global  cost 
of  these  activities.'The  profits  and  eosts  of  individ- 
ual persons  or  firms  are  not  explicitly  modeled. 

Issues  not  directly  related  to  the  international 
market  for  fossil  fuels  are  generally  neglected  by 
lEES.  It  does  ^not  include  political  factors  or 
evaluate  the  social  or  environme.ital  effects  of  the 
energy  industry.  Nor  is  resource  depletion  mod- 
eled. Gross  national  product  (GNP),  is  included 
as  one  of  the  major  determinants  of  energy 
demand,  but  within  lEES  no  energy  market 
variables  influence  it  in  turn;  GNP  is  implicitly 
treated  as  independent  of  the  energy  market. 
lEES  does  include  energy "xonservation,  which  is 
represented  as  a  reduction  in  energy  demand. 

Tht  six  submodels  that  ..upply  data  to  the  linear 
program  operate  largely  independently.  Each 
works  under  its  own  set  of  assumptions  about 
how  the  sector  it  models  operates.  Data  are  not 
typically  passed  between  the  submodels  while 
they  are  making  forecasts  that  will  go  intp  the 
integrating  linear  program. 

The  demand  submodel  yields  one  forei^ast  of 
quantity  demanded  for  each  final  fuel  product  and' 
each  region.  For  each  OECD  region  except  the 
U.S.-,  it  also  produces  one  estimate  of  the  price 
elasticity  of  demand  for^ach  final  fuel,  pr6duct; 
these  elasticities  are  not  .entered  into  the  linear 
programming  matrix  but  are  used  later  in  the 
equilibration  of  supply  and  demand.  The  data  are 
all  forecasted  for  the  year  under  analysis.  If  the 
run  of  the  linear  .program  is  to  produce  forecasts 
for  1985,  the  demand  data  must  pertain  to  1985 
also.  Thf  methods  used  to  obtain  the  demand 
forecasts  differ  significantly  t>etween  regions  and 
fuels,  with  by  far  the  more  extensive  analysis 
devoted  to  the  OECD  countnes  and  the  major 
fuels.  The  energy  demand  quantities  of  noncom- 
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njunist,  non  OECD  regions  are  simply  assumed  to 
be  a  constant  frac\<on  of  GNP;  the  modelers 
estimate  this  ratio  from  historical  consumption 
and  GNP  data.  For  the  U.S.  and  the  communist 
regions,  the  IAD  staff  (jollects  forecasts  of  net 
infiports  from  butside  purees.  These  are  mter- 
preted  as  the  amounts  of  energy  fiiels  the  regions 
will  export  or  import;  their  demand  is  not  explic- 
itly modeled.  No  demand  elasticities  are  calcu- 
lated for  the  U.S.  or  the  non-OECD  countries; 
these  regions  are  assumed'  to  consume  a  quantity 
of  energy  that  is  fixed  relative  to  price. 

The  non-U. S.  OECD  demftnd  data  come  from 
an  iterative  econometric  forecasting  model.  The 
model  itself  forecasts  only  demand  quantities,  but 
by  varying  the  price  inputs  to  the  model  and 
comparing  the  resulting  quantity  forecasts,  the 
model  is  used  to  estimate  price  elasticities,  too. 
The  quantities  of  major  fuels  demanded  by  impor- 
tant economic  sectors  (iron  and  steel,  other  man- 
ufacturing, residential/commercial)  are  forecasted 
by  ^'budget"  equations,  the  most  sophisticated 
type  used  in  the,  demand  model.  In  the  budget 
formulation,  regions  determine  first  how  many 
British  thermal  units  (Btu)  of  fuel  per  capita  they 
want  . to  buy  based  on  an  enei:gy  price  index,  on 
gross  domestic  product  (GDP)  per  capita,  and  on 
last  year's  BTU  per  capita  fuel  budget.  Then  they 
decide  what  fraction  of  the  total  budget  to  devote 
to  feach  fuel,  based  on  individual  fuel  prices  and 
last  year's  purchase  of  the  fuel.  The  budget 
formulation  allows  for  product  substitution  by 
consumers.  For  (ess  important  fuels  and  olher 
sectors,  quantity  demanded  is  generally  forecasted 
by  a  single  equation  in  which  demand  is  a  function 
o^  thpe  or  GDP,  and  substitution  is  not  modeled. 

Because  it  uses  the  lagged  vaiiabies  mentioned 
above  (last  year's  BTU  budget,  last  year  s  fuel 
purchase),  the  demand  model  must  forecast  itera- 
tively.from  a  base  year.  The  base  year  forecasts 
are  made  with  historical  daia.  For  the  Global  2000 
Study  run,  1975  price,  GDP,  and  population  data 
were^used  to  make  1976  demand  forecasts.  From 
these  1976  forecasts  the  model  made  1977  fore-  \^ 
casts,  and  from  these,  1978  forecasts,  and  so  on  ^ 
out  to  1990,  The  demand  forecasts  are  driven 
largely  by  the  input  forecasts  of  price,  GDP,  and 
population.  These  dat^  all  come  from  outside 
sources,  including  nongovernment  computer  fore- 
casting models  and  from  experts  both  inside  and 
outside  the  federal  government  working  from  • 
judgment.  Noi|e  of  the  input  data'  sources  refer 
routinely  to  the  IAD  econometric  demand  model 
or  to  the  dat-^  of  the  other  lEES  submcxJels  m 
making  their  forecasts.  The  U  S.  demarxl  quan- 
tities are  taken  from  the  output  of  PIES 


The  econometric  TfifoBel  captures  behavioral' 
response  to  prices  but  not  policy-mandated  con- 
servation strategies.  Conservation  per  se  is  repre- 
sented by  exogenous  adjustments  of  the  demand 
data  to  reflect  estimates  of  the  savings  in  energy 
fuels  resulting  from  specific  OECD  policies. 

The  supply  data  passed  to(the  lEES  liqear 
program  also  consist  of  a  quantity  for  each  region 
and*  each  primary  energy  product  and  of  a  price 
elasticity  for  some  regions  and  each  primary 
product,  but  the  method  of  their  derivation  is 
generally  simpler.  The  U.S.  and  communist  region 
quantities,  like  demand,  are  taken  from  forecasts 
of  net  import  positions.  But  for  all  other  regions, 
outside  experts  arc  asked  for  estimates  of  1975 
regional  energy  ^oduction.  With  historical  well- 
head prices,  these  establish  a  single  point  on  each 
supply  curve.  The  elasticities  of  supply  for  these 
regions  are  assumptions  of  the  IAD;  for  most 
energy  types  and  regions,  the  elasticity  is  assumed 
to  be  0.1  when,  forecasts  are  made  for  1985  and 
0.26  when  forecasts  are  made  for  1990.  ' 

The  transportation  costs  are  actual  current  costs 
as  reported  by  outside  sources.  TKey  must  be 
adjusted  slightly  because  the  lEES  does  not 
represent  every  major  port  in  the  world;  instead, 
each  region  has  one  location,  called  a  centroid,  to 
and  from  which  all  fuels  are  assume  '  to  be 
shipped.  Re  J  transportation  costs  are  ^umed 
constant  rcgardli^of  how  far  in  the  future  the 
forecasts  are  made. 

The  electric  utilities  submodel  includes  a  com- 
puter program  to  convert  outside  plant  data  into 
estimates  of  regional  generation  capacities  and 
costs.  Nuclear  and  hydro'capacities  are  then 
added;  they  are  not  variable.  These  da^a  are  given 
to  the  linear  program,  which  rhen  interprets  them 
as  a  description  of  the  limitations  on  the  con  .;^mp- 
tion  of  electricity:  The  data  teli  the  ^rogr  ^m  that 
getting  more  electricity  from  an  oilbuming  plant 
means  taking  more  oil;  total  consumption  within  a 
region  cannot  excled  total  plant  capacity;  and  so 
on.  'ncluded  in  these  data  are  limits  on  the 
permissible  rates  of  reti/ement  of  generation  ca-  fi 
pacity;  generally,  plants>cannot  be  removed  at  a 
rate  faster  than  3  percent  per  year.  There  is  no 
limit  on*the  creation  of  ne\^'  productive  capacity 
in  the  data.  The  absolute  amount  of  productive 
capacity  that  can  be  removed  and  created  in  one 
run  thus  varies  with  |he  time  period  of  the 
forecasts.  The  utilities  data  do  not  vary  from 
lEES  run  to  lEES  run  otherwise.  Hence  average 
electrical  generation  costs  vary  in  real  terms  only 
as  the  mix  of  new  and  old  plants  varies. 

The  refining  and  miscellaneous  conversions 
data  are  similar  to  the  utilities  data.  They  describe 
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the  processes  by  which  raw  fuels  are  converted  to 
vanous  refined,  derivative,  and  synthetic  fuels. 
No  upper  bound  is  put  on  refining  capacities,  but 
the  miscellaneous  conversions  data  include  limits 
on  the  volume  of  conversions  the  LP  (linear 
program)  matrix  can  select  to  achieve  its  lowest 
cost  solution,  to  make  surd  it  does  not  become 
unreasonably  high.  In  a  run  of  the  lEES  to  make 
forecasts  for  19P5,  miscellaneous  conversions  are 
allowed  to  be  no  mote  than  twice  their  hrslorical^ 
1975  level;  for  forecasts  of  later  years,  the  con  vet-* 
sions  are  given  a  higher  limit.  All  other  data  in  the 
submodels,  including  costs  and  technology  speci- 
fications, remain  the  same  for  each  lEES  run. 

When  the  final  LP  matrix  is  filled  wi  h  the  data 
from  each  of  the  submodels  and  solved  for  the 
first  time,  supply  and  demand  probably  will  not 
match.  Supply  and  demand  quantities  are  deter- 
mined by  the  exog^nously  estimated  future'prices. 
The  c!iances  that  the  quantities  so  derived  will 
match  exactly  after  the  LP  matrix  works  out  the 
details  of  transportation  and  conversions  are  slim. 
So  prices  are  adjusted  and  demand  and  supply 
quantities  are  recalculated  with  thc^  new  prices 
and  the  supply  and  demand  elasticities.  The 
demand  model  is  not  rerun  with  the  new  prices  to 
get  the  new  demanil  quantities;  presumably  the 
elasticities  derived  from  it  are  a  sufficiently  accu- 
rate reiyesentation  of  its  response  to  jprice 
changes.  The  LP  matrix  is  then  resolved  winAhe 
new  supply  and  demand  quantities  replacing  the 
old.  This  process  is  repeated  until  supply  and 
demand  in  the  solved  matrix  are  acceptably  close. 

Basic  Components 

The  focus  of  the  lEES  model  makes  it  ex- 
tremely useful  to  the  Qlobal  2000  Study  in  some 
international  energy  issues,  especially  those  deal- 
ing with  the  developed  world,  but  less  so  in  other 
issues.  The  lEES  forecasts  are  for  international 
fossil  fuel  production  and  trade,  and  to  that  extent 
are  most  valu^le  for  assessing  the  future  market 
energy  position  of  industrialized  regions.  The 
implications  of  Xltt  forecasts  for  nonenergy  global 
sectors,  such  as  environment  and,  agriculture,  - 
must  be  made  judgmcntally.  The  level,  of  detail 
contained  within  the  model  varies;  it  is  generally 
finer  for  the  OECD  countries  and  the  economi- 
cally more  important  fuels.  The  detail  of  the 
output  (the  forecasts)  is  roughly  the  same  for  all 
regions  of  the  world  and  all  energy  forms  repre- 
sented in  the  I  EES. 

To  describe  the  variables  used  in  the  lE^S,  it  is 
most  convenient  to  group  them  by  submodel. 
Though  the  submodels  need  be  run  in  no  particu-^ 


lar  order,  it  is  easiest  to  catalogue  t)ie  v^ables  of 
the  lEES  by  going  through  the  submodels  as 
energy  fUels  factually  flow  through  the  market: 
from  supply  to  transportation,  through  the  various 
conversions,  to  demand. 

Ihe  supidy  subnxxlel  yields  one  quantity--4he 
estimated  quantity  that  will  be  supplied  in  the 
forecast  year— ^or  each  of  33  world  regions  and 
the  primary  energy  fuels  the  region  produces,  as 
listed  in  Tables  20-1  and  2&-2.  in  addition,  an 
estimate  of  the  price  elasticity  of  supply  to  per|^n 
to  all  fuels  and  regions  is  made  by  the  IAD  supply 
staff.  Where  there  is  evidence  that  the  elasticity 
for  a  particular  fuel  aad  a  particular  region  is 
likely  to  be  quite  different  from  this  worW  esti- 
niate^^a  separate  estimate  is  made.  All  of  the  data 
produced  by  the  submodel  art  thus  judgmental 
estimates  either >from  outside  agencies  or  the  IAD. 

The  transportation  submodel  yields  one  vector 
of  descriptive  data  for  each'  ordered  pair  of  the 
workl's  33  regions  and  each  of  some  13  modes  of 
transportation  that  apply  to  the  region  paif.  For 
example,  for  any  two  regions  in  Europe  there  are 
two  vectors*  one  corresponding  to  rail  and  one  to 
barge  transpSrt.  Each  vector  consists  of  one  code 
numbe^  for  each  of  the  two  regions,  one  for  the 
mode  of  transport,  and  an  estimate  of  the  unit 
cost  of  shipping  fuel  by  that  mode  from  the 
"centroid**  of  the  originating  region  to  that  of  the  ' 
terminating  region^  Each  mode  of  transport  is 
available  in  the  model  to  ship^only  certain  fuel 

TABLE  20-1    .  ? 

The  33  lEES  Regfons,  Grouped  According 
*  to  Energy  Plosition  Classifkatfon 


OECD  Region: 
U  S.  East  Coast 
U  S,  Gulf  Coast 
U.S.  West  Coast 
Puerto  Rico/Virgm  Islands 
Canada 
Japan 

Australia/New  Zealand 
Scandinavia 

OPEC  Region. 
Venezuela/ Ecuador 
Libya/Aljgeria 
Nigena/Gabon 

LDC  Oil  Exporters  Region. 
Bolivia/Peni 
Egypt/Syria/Bahratn 

Other  Regions. 
Latin  America 
Africa 
Mexico 
Asia 


United  Kingdom/ 1  re  land 
Berfei  ux/De  n  mark 
West  Germany 
France 

Australia/Switzerland 
Spain/ Portugal 
Italy 

Grrcce/Turkey 


Indonesia 
Iran 

Persian  Gulf- 


Arab 


Angola/Congo/Zaire 
Asian  Exporters 


Smo- Soviet 
Sumed  Pipelme 
Caribbean 
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TABLE  20-2 

The  59  Primary  Fud  Types  in  tiie! 
lEES  Supply  Sulmiodel 


Fuel  Type 


Applicable 
Region* 


CRUDE  QU-. 
A^ab  OPEC  and  OAFEC  Cnide!^.^  - 


Algeria  [ 
Egypt/Syria/Bahrain 
•  Iraq 
Kuwait 
Libya 

Qatar/United  Arab  Emirates 
SaMi  Arabi»  li^t 
Saudi  Arabia  heavy 

Non-Arab  OPEC  Crudes. 
Ecuador 
Indonesia 
Iran  light 
Iran  heavy 
Nigeria/Gabon 
Venezuela 

Other  Export  Crudes: 
Angola/Congo/Zaire 
Bolivia/Peru 
Canada 
China 
Mexico 
Norway 
Russia 

South  Asia  qfitx 
-  Trinidad 
United  Kingdom 

Nonexport  Crudes* 
Austfalia 
Tar  Sands 
Japan 
Denmark 
West  Germany  . 
France 

*  .Austria 
Spain 
Italy 
Turkey 

U.S.  Domestic  Crudes: 
Alaska  North  Slope 
Alaska  South 
Pacific  offshore 
Wyoming  mix 
Shale  oil 

Louisiana  bnshore 
Louisiana  offshore 
Texas  Gulf  Coast 
East  Texas  mix 
West  Texas  mix 
Padd  I!,  indigerfous 
Oklahoma  mix ' 
Padd  I.  indigenous 
Heavy  crude.  V 

*  Heavy  crude.  IV 
Heavy  crude,  III 
Heavy  crude,  II 
NPR-I 

Synthetic  crude 


Libya/ Algena 
Egypt/Syria/Bahrai 
Persian  Gutf^Arah 
Persian  Gulf— Arab  - 
Libya/Algeria 
Persian  Gulf-— Arab 
Persian  Gulf— Arab 
Persian  Gulf— Arab 

Venezuela/I^cuador 

Indonesia 

Iran 

Iran  ^ 

Nigeria/Gabon 

Venezuela/Ecuador 

Ahgola/Congo/Zaire 

Bolivia/Peru 

danada 

Sfno-Soviet 

Mexico 

Scandinavia 

Sino-Soviet 

Asian  Exporters 

Caribbean 

United  Kingdom/Ireland 

Austraha/New  Zealand 

Various* 

Japan 

Benelux/Denmark 
West  Germany 
France 

Austria/Switzerland 

Spain/Portugal 

Italy 

Greece/Turkey 

US  West  Coast 
U  S  West  Coast 
U  S-  West  Coast 
US.  Gulf  Coast 
U.S.  Gulf  Coast 
U.S  Gulf  Coast 
U.S.  Gulf  Coast 
U  .S.  Gulf  Coast 
U  S,  Gulf  Coast 
U  S.  Gulf  Coast 
U.S.  Gulf  Coast 
U.S  Gulf  Coast 
U.S.  East  Coast 
U.S.  West  Coast 
U  S.  Gulf  Coast 
U  S.  Gulf  Coast 
U  S.  Gulf  Coast  . 
U  S.  W^st  Coast, 
U  S  Gulf  Coast 


Fuel  Type 


Applicable 
Region* 


San  Joaqutn  Valley 
Los  Angeles  Basin 


Metallurgical' coal 
Steam  coal 
Lignite 


U.S.  West  Coast 
U.S.  West  Coast 


COAL 


Various* 
Various* 
Various* 


Natural  gas 


NATURAL  GAS 

Vanous* 


■  ApplicaWe  Region  is  !h<  lEES  region  from  whvb  the  fuel  lype  n  titpphed 
*  '  VBnous"  indtcttev  thit  (he  fuel  a  suppled  from  more  Ihui  one  region  within 
the  lEES  • 

types;  the  13  modes  and  the  fuels  they  can  be 
used  to  ship  are  listed  in  Table  20-3.  Because  no 
.  limit  on  shipping  capacity  is  assumed  in  most 
\cases,  the  vectors  include  no  capacity  entry.  The 
input  data. to  the  transportation  submodel  are 
themselves  estimates  of  transportation  costs  pf 
different  modes  between  ports;  the  IAD  staff 
adjusts  them  to  account  for  the  difference  in 
distance  between  the  routes  for  which  they  were 
made  and^  the  hypothetical  centroid  to  centroid 
routes  used  in  lEES. 

The  refining  submodel  produces  data  vectors 
distinguished  according  to  43  types  of  crude  oil 
refinq^,^  regions.  6  final  product  types,  and  10 
markets.  The  43  crude  oil  types  are  a  subset  of 
those  listed  in  Table  20-2.  The  eight  regions  are 
the  regions  thar*  actually  do  significant  refining, 
including  some  OECD  regions  and  some  otheri. 
The  six  product  types  modeled  are  liquid  gas, 
gasoline,  jet  fuel,  distillate  fuel,  residual  oil,  and 
**other  refined  products."  The  vector  for  any  oi!e 
type  of  refinit^  with\p  a  region  includes  data  on 
the  technology  used  (quantities  output  per  unit 
.  input),  the  productive  capacity  forecasted  to  exist, 
and  the  costs  of  building  and  operating  plants.  No 

TABLE  20-3 

The  13  lEES  Transport  Modes  and  the. 
^  Fuels  Carried 

Mode  Fuel 


Medium  tanker 
Medium  tran&htp 
U  S. lanker 
targe  tanker 
VLCC  (^pertanker) 
Product  tanker 
Crude  pipeline 
Product  pipchne 
Bulk  carrier 

Liquid  natural  gas  carrier 

Gas  pipeline 

Rail 

Barge 


Crude  oil 
,Crude  oil 
'Crude  oil 

Crude  oti 

Crude  oil 

Refined  products 

Crude  oil 

Refined  products 

Coal 

Natural  gas 
Natural  gas 
Coal 
Coal 
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limit  on  the  creation  of  new  capacity  is  included, 
so  it  can  increase  in  any  lEES  run  to  meet 
refining  demand,  albeit  at  a  cost.  The  data  neces- 
sary to  construct  the  refinery  data  vectors  are,  as 
in  the  case  of  transportation,  the  same  types  of 
data  actually  in  the  vectors;  they  require  for  the 
most  part  only  compilation  and  adjustment  to  be 
ready  for  use  in  lEES.  * 

The  misc^laneous  conversions  submodel  pro- 
duces a  data  vector  for  each  OECD  region  and 
conv^rsipu  process  contained  within  the  region. 
The  four  conversion  processes  treated  are  metal- 
lurgical coal  to  coke,  lignite  to  briquettes,  liquid 
oil  fuels  and  coal  to  synthetic  gases,  and  coke  to 
blast  furnace  gas.  Each  vector  includes  data  that 
quantifies  the  technology  used  within  the  region 
in  the  process  (physical  input-output  ratios)  and 
the  estimated  1975  productive  capacity.  In  addi- 
tion, an* upper  limit  on  increases  in  productive 
capacity  is  supplied  in  lieu  of  any  other  restric- 
tions on  new  capacity  construction;  costs  of  the 
plants  or  production  are  not  included  in  the  data. 
The  input  data  to  the  miscellaneous  conversions^ 
suumodel  are  international  statistics  from  outside 
sources;  they  are  collected  and  a/ijusted  for  use  in 
the  I  EES  linear  program. 

The  electric  utilities  submodel  pro^J^'-zes  a  vec- 
tor for  each  OECD  region  and  fossil  fuel  plant 
type  found  within  the  region.  The  generation  plant 
types  are  residual  oil  crude  oil,  distillate,  hard* 
coal,  lignite,  blast  furnace  gas,  and  natural  gas. 
Each  vector  includes  data  on  generation  effi- 
ciency, capacity,  and  dest.  A  maximum  capacity 
retirement  amount,  usually  corresponding  to  a  3 
percent  per  year  retirement  of  total  plant  capacity, 
is  also  included.  No  limit  on  increases  in  electrical 
generation  capacity  is  made.  !n  addition,  estimates 
of  nuclear  and  hydro  generation  capacity  are 
produced.  No  variations  in  these  capacities  are 
allowed.  The  data  sets  corresponding  to  one 
generation  type  are  also  assigned  a  load  type  or 
load  types.  Nuclear  plants  are  always  base  loac^ 
plants;  distillate  plants  are  always  p^k  load; 
hydro  and  existing  oil  and  coal  plants  can  be  base,  - 
intermediate,  oi;^peak,  depending  on  co^  con- 
siderations  in  the  running  of  the  linear  program; 
new  oil  and  coal  plants  can  be  base  or  interme- 
diate. I 

One  set  of^jpf^  numbers — one  for  base*  load, 
one  for  interrtl|||Jftie  load,  anc^  qne  for  peakVare 
also  produce(r1|L>  tell  what  percentage  of 
region*s  total  genpration  capacity  must  come  frft 
-each  Ijad  type.  The  data  for  the  electrical  utilities 
subnuxlel  com^s  from  various  outside  sources  and 
consists  primarily  of  powerplant  statistics  for  the 
OECD  countries.  They  are  adapted  for  |EES 


linear  program  use  by  a  separate  computer  pro- 
gram:^ 

The  demand  submodel  produces  one  demand 
quantity  forecast  and  detiiand  elasticity'for  each 


non-U.S.  OECD  region 
and  one  demand  quan 


fid  final  energy  product, 
for  each  product  for  all 


other  regions.  The  fmal  energy  products  included 
in  the  demand  forecasts  used  in  the  I  EES  linear 
program  are  listed  in  Kible  20-4.  The  input  data 
required  to  produce  these  differ  widely  from 
region  to  region.  The  U<S.  demand  quantities  are 
output  of  a  run  of  Pl£S  that  uses  price  and  GNP 
inputs  consistent  with  those  used  in  the  lEhS.run. 
Tfie  U.S.  demand  quantities  require  no  other  data 
collection  by  the  IAD,  but  ultimately  depend  on 
all  of  the  input  data  to  PIES.  The  other  OECD 
regions'  data  are  estimated  econometrically  for 
the  major  fuels  from  energy  prices,  population, 
GNP,  and  historical  demand  quantities.  For  other 
fuels  the  input  data  are  usually  time  or  GNP. 
Demamtfor  hon-OECD  regions  is  generally  taken 
directly  from  outside  sources  with  adjustments 
made  as  necessary.  Because  refining,  misCell^^ 
neous  conversions,  and  electrical  generation  are 
•not  modeled  for  non-OECD  regions,  the.demands 
for  such  converted  products  from  these  regions 
are  changed  to  their  primary  fuel  equivalents. 

Bask  Procedures 

A  run  of  the  lEES  be^ns  with  the  collection  of 
the  input  data  to  the  six  submodels.  Much  of  this 
actual^  remains  the  same  fran^run  to  run  and  so 
need  not  be  redone  for  eaca;  data  already  com- 
piled can  tre  used.  These  data  must  then  be 
adjusted  for  use  in  the  linear  programming  matrix. 
Again,  much  of  this  docs  not  change  between 
runs  and  so  can  draw  on  past  work.  Lastly,  the 
linear  program  is  ruq  iteratively  until  a  world 
energy  market  solution  with  demand  and  supply 
neariy  equal  is  reached.  By  virtue  of  the  way  the 

TABLE  20-4  ' 

Final  Energy  Products  in  the  lEES 
Linear  Program 


Petroleum  Products 


Coal 


Natural  Gas 
Electricity 


Residual  oil 
^Gasoline 
Distillate 

Liquid  p  opane  gas 
Jet  fuel 

Hard  coal 
Lignite 
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linear  programming  problem  is  set  up,  the  energy  all  demand  data  are  in  hand,  the  dernand  quan- 

flows  between  supply  and  demand  that  the  lEES  tities  are  reduced"  by  standard  percentages,  to 

relies  y  to  Equilibrate  the  two  arc  the  flows  that  reflect  the  effects  of  ♦conservation.  To  establish 

minimize. the  costs  of  transportation  and  conver-  these  percentages,  the  IAD  commissioned  a  study 

sion.  The  entire  process  is  depicted  diagrammati-  By  the  private 'consulting  firm  Resource  Planning 

caliy  in  Figure  20-1.  Associates.               ^            '  ' 

The  .demand  data  for  the  U.S.  are  taken  frofn'  The  supply  quantity  estimates  for  oil  and  natu- 
the  PIES  output.  In  the  case  of  the  lEES  runs  raLgai  are  taken  from  the  Department's  Office  of 
made  for  the  Global  2000  Siudy^  the  PIES  runs  International  Affairs  and  from  the  International 
from  w^ch  demand  data  were  |aken  were  done  ^Coal  Federatio'n  for.  coal.  The  estimates  apply  to 
with  stoMard  PIES  assumptions,  except  that  the  1975  and  so  must  be  adjusted  to  give  an  initial 
U.S.  GNP  forecasts  and  fuel  price  forecasts  supply  quantity  for  the  forecast  year  with  which 
provided  by  the  Global  2000  project  were  used  in  the  linear  program  can  begin  its  iterations.  This  is 
place  of  the  standard  PIES  data  for  those  varia-  done  with  price  elasticities  (assumed  for  alm.ost  all 
bles.  The  OECD  demand  data  are  estimated  from  fuels  and  regions  to  be  0.1  for  a  forecast  year  of 
GNP,  population,  and  price  forecasts.  The  GNP  I985  and  0.26  for  1990)  and  with  forecasted  prices, 
and  population  forecasts  for  the  Global  200O  runs  The  prices  are  th^  ones  used  in  econometric 
were  those  supplied  by  the  Study,  as  listed  in  demand  forecasting,  with  estimated  average  trans- 
Chapter  3  of  this  volume.  For  Marge  countries,  portation  and  refinery  costs  subtracted.  This  is 
lEES  normally  uses  GNP  forecasts  taken  from  meant  to  yield  ^'wellhead"  primary  fuel  prices 
DRI  (Data  Resources,  Incorporated)  econometric  that  correspond  to  the  final  product  prices  used  in 
projection  service^  DRI  is  a  Boston-based  firm  the  demand  submodel. 

that  provides  ^economic  data  and  forecasts  to,  a  Transportation  costs  are  taken  mostly  from' the 

broad  business  and  research  clientele.  The  GNP  *  '  rafes  published  by  the  Association  of  Ship  Brokers 

forecasts  for  the  remaining  OECD  regions  are  and  Agents.  Like  the  costs  for  electrtt  utijkiess 

taken  from  official  OECD  publications.  The  pop-  refining,  and  miscellaneops  conversions,  they  W 

ulation  ^forecasts  are  normally  taken  from  United  .assumed  to  be  constant  in  real  terms  in  the  future 

Nations  estimates.  The  price  forecasts  are  typi-  and  so  need  not  be  recalculated  for  separate  lEES 

cally  an  assumption  rather  than  something  esti-  runs.  The  data  from  these  four  submodels,  as  well 

.mated  from  detailed  background  information.  The  as  the  •supply  data,  were  neariy  identical  in  all 

Global  2000  Study  runs  of  the  lEES  incorporated  runs  made  for  the  Global  2000  Study, 

two  different  oil  price  assumptions^.  The  first  had  The  plant  data  necessary  for  the  electric  utilities 

OP^C  holding  the  world  oil  price  constant  at  $13  submodel  comes  primarily  from  publications  of 

per  barrel  indefinitely.  The  second  assumed  that  the  European  Economic  Community.  These  are 

worid  oil  prices  would  start  at  $13,  then  rise  at  a  entered  into  a  computer  model  that  compiles  them 

rate  of  5  percent  annually  beginning  in  1981.  In  into  lEES  regional  data,  and  adds  data  describing 

both  cases,  as  is  customary  in  lEES  runs,  the  load  types  and  load  type  distributions, 

prices  of  non-oil  fossil  fiiels  were  assumed  to  start  The  refining  data  come  primarily  from  two 

at  zixpi  present  leVels  and  then  to  vary  according  n^jor  sources.  The  capital  expenditure  and  yield 

to  |i^ket  forces,  as  represented  in  the  linear  (input-output)  data  are  taken  from  the  RPMS*  oil 

program.  industry  computer  model  developdl  by  Bonner 

The  communist  region  demand  data  are  taken  and  Moore  of  Houston.  Capacity  and  operating 

fit)m  forecasts  made  by  the  International  Affairs  cost  data  are  from  the  Oil  and  Gas  JournaL 

Office  of  the  Department  of  Energy,  (or  some-  These  are  adjusted  for  use  in  the  lEES  linear 

times  from  CIA  forecasts),  of  the  regions*  net  program. 

import  positions.  If  a  region  is  cited  by  these  Miscellaneous  conversion  data  for  fuel  gas, 

sources  as  being  a  net  importer  of  a  fuel,  its  blast  furnace  gas.  etc.,  come  from  1975  OECD 

imports  are  entered  into  the  lEES  as  its  demand  statistics.  Costs  for  the  processes  are  assumed  to 

for  fuel  on  the  World  market.  Demand  quantities  be  at  U.S.  values  when  data  from  outside  sources 

for  the  noncommunist  non-OECD  regions  are  are  not  available. 

alculated  from  theGOp  forecasts  by  assuming  Once  it  contains  all  necessary  data,  the  lEES 

that  energy  demandisaconstant  fraction  of  GDP.  linear  program  is  solved.  However,  in  the  solution 

Because  refining,  conversions,  and  electrical  gen-  demand  and  supply  may  not  match.  This  is  not 

eration  are  not  modeled  for  the  non-OECD  coun-  something  that  can  be  foreseen  because  of  the 

tries,  their  demands  mustyBe  expressed  as  de-  

mands  for  primary  fuels,  n/t  final  products.  Once  *  Refinery  Petrochemical  Modeling  .System 


I  Jt^t.  Structure  of  tlic  liltemttHMMl  EACffy  Evstuatibn  System  UEES)  {In  all  runs  made  for  iht  Global  2000  Study, 
population  and  GNP  data.camt  from  Stttdy  sourcts,  not  the  customary  I  EES  data  sources  described  in  the  text,  supporting 
NES  runs  mada-foe  the  Study  used  the  Study's  VS  GNF  forecasts  ) 


) 
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complications  of  transportation  and  conversion 
processes  that  lie  between  primary  fuel  production 
and  final  product  sale.  So  prices  are  adjusted  in  a 
fashion  that  is  expected  to  bring  the  two  quantities 
closer  together.  Supply  and  demand  quantities  for 
the  OECD  regions  are  4hen  recalculated  from  the 
old  quantities,  new  prices,  and  price  elasticities. 

llie  PIES  and  the  econometric  demand  model, 
which  originally  produced  t]ie  OECt)  demand 
data,  are  not  rerun  to  cet  the  new  demand 
quantities.  The  lEES  liiSear  program  is  resolved 
with  the  new  demand  and  supply  quantities.  The 
process  of  estimating  new  quantities  and  resolving 


the  linear  program  is  repeated  until  supply  and 
demand  are  acceptably  close. 

Documentation  and  Validation 

'  The  Department  of  Energy  has  engaged  a 
private  firm  to  completely  document  the  Interna- 
tional Energy  Evaluation  System.  Thi  docu- 
mentation was  published  in  1978  lri*two  voU 
umes.  ^ 
The  econometric  demand  model  estimates  have 
b^n  compared  to  actual  historical  data  with 
generally  satisfactory  results. 


ERIC 


/ 


21  •  Faei  I4inerals 


No  one  federal  Agency  has  exclusive  responsi- 
bility for  producing  estiniates  of  world  fuel  nurieral 
^  reserves  and  resources.  Parts  of  this  task  have 
been  handled  in  the  past  by  the  Bureau  of  Mines 
and  the  United  States, Geological  Survey  (both  *n 
the  Department  of  the  Interior  and  by  the  Depart- 
ment of  Energy.  In  addition,  s9me  private  oiigani* 
zations,  jnost  notably  the  Wortd  Lnergy  Confer- 
ence, publish  estimates  wid^l/  regarded  as 
authoritative.  The  Geological  Survey  estimates  the 
resources  of  the.  United  Stated.  The  Departmvnt 
of  Energy  is  responsible  for  U.S.  reserve  esii- 
mates.  The  Worid  Enetgy  Conference  periodically 
estimates  both  world  reserves  and 'world  re- 
sources.* 

Estimates  of  the  energy  production  potential 
from  renewable  sources,  such  as  solar  radiation, 
tides,  and  waterways,  are  not  as  frequently  made 
by  established  agencies  or.  organizations,  and  so 
mL^l  be  gathered  from  diverse  sources. 

To  compile,  compare,  a.id  interpret  the  data 
from  a|l  of  tht  above  sources,  the  Global  2000 
Study  engaged  Walter  G.  Duprcc  (formerly  in  the 
Department  of  Energy  and  presently  with  the 
Bureau  of  Mines)  as  an  independent  expert. 

Key  Analytic  Methodology 

The  methods  used  to  derive  fuel  resource  and 
reserve  estimates  differed  to  some  extent,  depend- 
ing on  the  organization  that  gathered  th^*  esti- 
mates. Actual  field  estirhates  come  from  a  comN- 
nation  of  sample  drilling  and  expert  judgment. 
However,  the  organizations  cited  here  did  not 
generally  do  this  geologic  research  themselvv  . 
Rather,  they  surveyed  corporations  and  other 
piganizations  to  obtain  size  estimates  of  various 
mineral  deposits  and  totaled  them,  or  adapted  the 
estimates  that  other  organizations  had  fierived  in 
this  manner.  , 

An  exception  is  the  United  States  Geological 
.  Survey,  which,  in  addition  to  conducting  surveys, 
has  been  doing  its  own  original  geological  research 


•The  estimates  of  resour'es  and  reserves  uwd  in  the 
nonfuci  minerals  analysis  appear  in  vanous  official  publica- 
tions, as  referenced  in  Chapter  22  ("Minerals  and  Mate- 
^  rial  ") 


to  make  U.S.  resource  estimates  for  decades. 
Since  before  World  War  H,  the  World  Energy 
Conference  (WEC)  has  done  wurid  resource  and 
reserve  estimation  by  survey  and  published  com- 
plete sets  of  estimates  periodically.  The  Congres- 
sional Research  Service  in  the  Library  of  Con- 
gress commissioned  a  similar  set  of  resource  and 
reserve  estimates,  which  were  released  in  1977, 
because  no  recent  WEC  Pgures  were  available  at 
tht'^time,  ahhough  new  ones  have  since  been 
published.  The  estimates  were  commissioned  after 
the  Congressional  Research  Servicr  had  received 
a  request  for  a  set  of  such, estimates  from  the 
House  Subcommittee  on  Energy  and  Power  and 
the  Senate  Committee  on  Energy  and  Natural 
Resources.  When  the  Department  of  Energy 
(DOE)  was  formed  out  of  various  other  federal 
agencies,  it  inherited  the  U.S.  reserve  estimate 
responsibilities  of  those  agencies.  DOE  makes  its 
own  estimates  of  U.S.  coal  reserves.  For  oil  and 
natural  gas  reserve  figures,  it  relies  largely  on 
estimates  mad*,  by  the  American  Petroleum  Insti- 
tute and  the  American  Gas  Association. 

Ba^ic  Principles 

Th'wKh  min<.  al  resources  and  re'^  cs  are 
physical  quantities  that  can,  theoretically,  be 
nieasuted  at  any  point  in  time,  there  is  no  one 
standard  and  infallible  method  of  measuring  them. 
Because  the  organizations  providing  resource  and 
reserve  estimates  in  Chapter  1 1  do  not  completely 
coordinate  their  data,  assumptions,  and  proce- 
dures, they  have  obtained  diiiferent  results.  Fur- 
thermore, refinements  in  procedure  over  time  may 
result  in  significant  revision  of  previous  estinr^ 
as,  for  example*  when  the  Geological  Survey  in 
1975  reduced  its  estimate  of  U  S.  oil  resources  by 
over  one-half  (in  the  publication  cited  in  "r\Ku- 
mentation  and  Validity,"  below).  Nonetheless* 
some  general  description  of  the  geological  testing 
methods  and  other  techniques  on  which  the  esti- 
mates presented  in  Chapter  1 1  are  based  is 
possible. 

Oil  and  Gas.  The  primary  oil  and  gas  resource 
numbers  used  were  complied  by  M.  King  Hubbert 
for  the  Congressional  Researc^jfcrvice.  As  Hub- 
bert pointed  out,  potential  oil-lSaring  regions  may 
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be  classified  according  io  their  degree  of  explora- 
tion into  three  groups: 

1.  Regions  in  a  mature  state  of  exploration.  For 
these  regions,  reasonable  estimates  of  ultimately 
recoverable  oil  can  be  made  by  use  of  the 
s^  istics  on  the  quantity  of  drilling  and^lhe 
curresponding  oil  discoveries  per  well  or  per  tbot. 
This  is  basically  the  fTuicroanalytical  approach, 
v/hich  models  empirical  relationships  in  aggre- 

•  gated  discovery  or  production  data. 

2.  Regions  in  an  early  stage  of  exploration.  For 
these  regions,  estimates  of  ultimately  recoverable 
oil  can  be  based  on  early  successes  or  failures  in 
drilling.  Early  successes  imply  significant  quan- 
tities of  oil  (or  gas).and  vice  verea. 

3.  Virgin  undrilled  territories.  According  to 
Hpbbert,  the  only  basis  for  judgment  as  to  re- 
sources is  geological  analogy.  If  the  viipn  area  is 
found  by  geological  and  geophysical  surveys  to  be 
very  similar  to  a  productive  mature  area,  then  the 
virgin  area  it  expected  to  yield  compariible  quan- 
tities of  oil  and  gas  per  unit  of  area  or  volume. 
This  is  basically  the  microanalytic  approach, 
which  models  structural  relationships  in  the  explo- 

N  ration  process. 

Solid  Fuels.  The  resource  figures  for  solid  fuels 
used  in  this  study  are  based  on  World  Energy 
Conference  estimates.  The  WEC  sends  question- 
naires to  th?  participating  countries,  requesting 
information  on  reserves,  resources,  maximum 
depth  of  deposit,  minimum  seam  thickness,  and 
the  like.  How  each  country  estimates  its  reserves 
and  resources  will  differ — and  in  some  instances 
the  resulting  differences  in  data  may  bf  significant;* 
hence,  it  is  impossible  to  describe  the  methodol- 
ogy used.  It  should  be  pointed  out,  however,  that 
the  geology  of  coal  is  elatively  simple  and  uni*- 
form  over  wide  areas,  and  most  coal  deposits  are 
closer  to  the  surface  than  oil  c  gas.  Thus,  data 
on  solid  fuels  are,  in  general,  based  on  more 
accurate  geological  data  thar  otK  and  are  less 
subject  to  revision. 

Urahium.  The  resource  figt  ^  uranium 
used  in  this  study  are  also. u^.^d  on  WEC 
estimates.  As  with  solid  fuels,  questionnaires  are 
sent  to  ihe  participating  countries,  and  the  returns 
tabulated.  Differences  in  methodology  make  gen- 
cializations  difficult. 

Hydro,  GeothermaL  and  Solar  flower.  Proce- 
dures for  estimating  the  energy  potential  of  these 
power  sources  are  less  well  established,  and 
re»H>urce  and  reserve  estimates  tend  to  be  less 
certain  than  those  made  for  fuel  minerals.  In 
general,  estimates  of  potential  are  derived  from 
spot  measurements  of  the  relevant  variables,  such 
as  streamflow  for  hyciropower,  tide  volume  for 


tidal  power,  subsurface  temperature  for,geother- 
mal  power,  and  solar  insolation  for  solar  power. 
Discussions  of  these  power  sources  in  this  study 
take  their  estimates  of  potential  from  other  publi- 
cations, which  base  their  estimates  on  such  spot 
measurements. 

Basic  Components 

^Chapter  n,^Tuel  Minerals' Projections,"  fo- 
cuses on  world  resources  and  reserves  of  fuel 
minerals  and  on  power  potential  estimates  of  the 
renewable  energy  sourc  s  competing  with  them. 
Fine  regional  disaggregations  of  the  data,  which 
are  no!  consistendy  available,  were  generally  not 
presented.  Consideration  of  ener^gy  production, 
'  consumption,  and  trade  ./as  left  to  the  ener^gy 
analysis  in  CHapter  10. 

Basic  Procedures 

Aside  from  general  geological  considerations, 
the  relevant  assumptions  for  the  estimation  of  the 
reserves  of  a  minetiad  are  the  current  product  price 
and  extraction  technology  within  the  industry. 
Assessing  these  items  is  left  primarily  to  the 
geologist  making  the  estimates.  Resource  esti- 
mation theoretkally  depends  on  assumptions  of 
potential  future  prices  and  technology.  The  U.S. 
oil  and  gas  estimates  (made  by  the  U.S.  Geologi- 
cal Survey)  assume  a  continuation  of  price-cost 
relationships  and  technological  trends  generally 
prevailing  in  recent  years  prior  to  I974.  Price-cost 
relationships  and  production  since  1974  were  not 
taken  into  account,  nor  was  an  explicit  assumption 
about  future  prices  made.  The  price  and  technol- 
ogy assumptions  underlying  th^  world  resourx:e 
estimates  have  not  be  en,  made  explicit  by  their 
various  authors. 

Documentation  and  Validation 

The  U.S.  Geological  Survey,  discusses  its  re- ' 
source  estim{»**on  methods  in  USGS  Circular  725. 
Geological  Estimates  of  U ndiscovered  Recovera- 
ble Oil  and  Gas  Resources  in  the  United  States, 
published  in  1975.  The  Worid  Energy  Conference 
outlines  its  data  collection  methods  in  WEC 
Activities  in  the  Field  of  Surveying  World  Energy 
Resources,  published  in  M.  Grenon,  ed..  First 
1 1  ASA  Conference  on  Energy  Resources,  Inter- 
national Institute  for  Applied  Systems  Analysis, 
Laxenburg,  Austria. 

The  Bureau  of  Mines,  USGS,  DOE,  and  the 
WEC  have  made  no  formal  tests  of  the  reliability 
of  their  respective  resource  and  reserve  estimation 
methods. 


22  Nonfiie!  Minerals 


The  Bureau  of  Mines  of  the  U.S.  Department 
of  the  Interior  is  re^nsible  for  helping  to  ensure 
the  continued  strci^  of  the  domestic  minerals 
and  materials,  economy  and  the  maintenance  of  an 
adequate  minerals  and  materials  base.  In  carrying 
out  this  responsibility,  the  Bureau  develops  fore- 
casts of  rjture  tren€|&  in  the  supply  and  demand  of 
minerals  and.  materials  on  a  global  basis  for  the 
purpose  of  iclentifVing\phanges  that  might  affect 
the  national  interest.  These  forecasts,  published  in' 
the  Secretary  of  the  Interior's  annual  report  to 
Congress^  assist  the  Secretary  in  carrying  out  his 
responsibilities  lender  the  Strategic  and  Critical 
Materials  Stock  Piling  Act,  which  directs  him  to 
investi^te  the  production  and  utilization  of  min- 
erals and  materials. 

Projections  of  future  consumption,  referred  to 
by  the  Bureau  as  demand  forecasts,  are  published 
every  5  years  in  detail  in  the  Bureau's  Mineral 
Facts  and  Problems  and  in  sumtnary  form  in  its 
Mineral  Trends  and  Forecasts.  The  last  complete 
set  of  these  forecasts  was  published  in  1975. 
Recent  forecasts  for  selected  minerals  and  mate- 
rials are  published  in  an  interim  report  series 
entitled  Mineral  Conmodity  Profiles, 

The  ofTicial  Bureau  forecasts  provide  high,  low, 
and  most  probable  projections  of  minerals  and 
materials  consumption  for  1985  and  2000  in  (I)  the 
United  States  and  (2)  the  rest  of  the  world  as  a 
whole.  The  latter  forecasts  are  based  in  large^part 
on  a  study  prepared  in  November  1972  for  the 
U.S,  Commission  oo  Materials  Policy  by  Profes- 
sor Wilfred  Malenbaum  of  the  University  of 
Pennsylvania's  Wharton  School  of  Finance  and 
Commerce.* 

This  study  (known  as  the  1972  Malenbaum 
Report)  divided  the  world  into  10  regions  and 
projected  trends  in  overall  economic  growth,  pop-' 
ulation  growth,  and  growth  in  primary  consump- 
tion of  1 1  minerals  and  materials  for  each  region. 


^'  Materials  Requirements  in  the  Uni!ed  States  and  Abroad 
in  the  Year  2000.**  National  Commission  on  Materials 
Policy.  Mar.  1973  (the  onginal  report  was  submitted  Nov 
30,  1972).  The  Bureau  of  Mines*  use  of  this  report  is  briefly 
discussed  in  the  Introduction  to  the  Bureau  s  Mineral  Facts 
and  Problems,  1975  edition  (p  21.  as  preprinted  in  the 
BwcMS  Bulletin  i)67) 


It  presertted  a  single  set,  rather  than  a  range,  of 
forecasts.  In  (Xtober  1977  Malenbaum  updated 
his  1972  study  at  the  request  of  the  National 
Science  Foundation,*  dropping  some  of  his  origi- 
nal commodities  and  adding  others. 

Current  Bureau  of  Mines  forecast's  arc  loosely 
based  on  the  1972  Malenbaqm  Report,  judgment 
tally  adjusted  and  extrapolated  by  ntembers  of  the 
Bureau  staff,  using  basic  arithmetical  procedures. 
Members  of  the  Bureau  iitaff  expect  Jiat  (iiturc 
official  Bureau  projections  will  "  be  based  on  the 
1977  Malenbaum  Report.  Therefore,  on  the  rec- 
ommendation of  Bureau  staff  members,  the  Global 
2000  Study  pnyections  in  Chapter  12  substitute 
the  latest  Malenbaum  figures  in  place  of  current 
Bureau  figures  where  this  is  feasible.t 

A  comparison  of  the  projections  in  the  1972 
Malenbaum  Report,  used  in  current  Bureau  of 
Mines  publications,  with  those  in  the  3977  Malen- 
baum Report  is  piesented  in  Table  22-1.  The  table 
shows  that  the  1977  Malenbaum  projections  are 
significantly  lower  than  earlier  projections  made 
Malenbaum  or  the  Bureau  of  Mines  for  a  few 
commoditi«?s  (aluminum,  cobalt,^  copper,  and 
qickel)  and  significantly  higher  for  a  few  others 
(manganese,  tin,  and  tungsten). t 

Key  Analytic  Methodology 

Prior  to  1968,  the  Bureau  of  Mines  did  not 
make  long-range  projections  of  minerals  and  ma- 
terials consumption,  either  for  the  U.S.  or  on  a 
global  basis.  In  1968,  using  1966  data,  the  Bureau 
began  making  projections  internally,  relying  on 
the  judgment  of  Bureau  analysts  and  simple  nile- 


*  "World  Demand  for  Raw  Materials  in  !985  and  2000.** 
Philadelphia.  Oct.  1977 

t  Maleribaum*s  latest  projections  cover  12  minerals  and 
male  Hi  Is:  10  of  these  12  are  considered  in  Chapter  12. 
t  An  extensive  comparison  between  the  methods  used  by 
Malenbaum  in  making  regional  forecasts  and  the  methods 
used  by  the  Bureau  in  making  **rest  of  the  worW**  forecasts, 
with  respect  to  projecting  copper  and  aluminum  consump- 
tion, is  conUined  in  a  paper  presented  to  the  Eighth  World 
Mining  Congress  in  Lima.  Peni,  by  Uie  Bureau*8  Sbekion 
Wimpfen  and  Alvin  Knoerr.  entitled  "  World  Resources  vs. 
Copper  and  Aluminum  Demand  to  the  Year  2000.'*  Nov, 
1974. 
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TABLE  22-1 

World  CoiKumption  of  14  Mfaierab  ioid  Materials  in  ihe  Year  2000 


Malenbaum 

'71 


Bureau  of 
Mines 
Current 


Maienbaum 
•77 


Percent 
Change 
Maienbaum  *77 
vs. 

Maienbaum  '71 


Percent 
Change 
Maienbaum  *77 

vs. 
Bureau  of 
Mines 


Primary  aluininiiin 
Chrome  ore 
Cobalt 

Refinesd  coppet  / 

Fluorspar 

Iron  ore 

Maaganete 

Kkket 

Platinum  group  (thousand  troy  ounces) 

<"nide  steel  - 

Sulfiir 

Tin 

Tungsten 

Zinc 


46.761 


1^:693 
15.870 
1.086»000 


1.332,000 
100.424 


I\448 


i thousands  of  Metric  tons) 


11.200*' 


36.516 
1M18 
58- 
16.839 

919.000 
48.060 
1.314 
14.030 
1.315.000 

393 
93 
12.022 


-22 

-14 

-15 


-If 


-33 
-9 
-19 
-24 

-10 
15 

-15 
7 
3 

12 
18 

7 


MMc  MM.  Tfct  «^  exce^  m  tkt  ptatiMMi  ^oup  dMA,  wWcJi  u  i^illcd  is  tbouund*  of  troy  ounces 

in  on  to  units  of  ore  as  specified  tn  the  Melcnbfum  Rcpoit.  usumii«  n  ftv«n«t 


^TMt  flpira  ommls  Hm  Sonwi  ot  Mines  fifiire  for  conuumd  cKomiuai  metal 
^Sni*orckoflHoi«iotMr.4  pereeal  elmiiMin 
'BnfiniioriiiMtte  •    ^  oU  cofper.  wlicfMt  ftfined  coMw  tn  the  liita 


httwmm  T^Hmmd  nU  «i      «  L^"^'^  liil«ib«iffl  Reports  tnchKles  secondary  old  copper  Theitfon.  b«ed  of  tlie  tndMonal 

^  fcrtcaett (i.e..  17^  x  t  25    n.tO  tlwMiand  metrk  torn) 

^-Tt._  ^  for  mansaaese  ore  raUier  tten  mansanesc  To  be  comparable  to  Maienbaum  dnU.  the  Bureau  of  Mines  dau  on  conlnM  ni«meae 

rUllSI^Cr     "^"^  m«ns»oe.e  (20.049  metm  ions  oUonlau»ed  Mn»/0  4S  -  41,770,  wh^K^is  comparmNeVThe 

'  Ma  iadudM  sncondary  aictAl 


•  Data  IncMtt  Iran  and  sleel  foundry  products  Md  steel  miN  prviducis 

•  CMlooMrity  •pwHaed'in  Ions  tons,  convertml  Iwre  to  metric  ton« 

» IncMi  only  priaHvy  tin.  converted  from  lof«  tors  lo  metric  ton* 

•  IncMes  only  iWmar;  tumsten,  conver.nl  from  t.OOO  pounds  to  metrw  ions 

•  IncMet  only  primwy  sine 


of-thumb  relationships.  These  relationships  were 
based  on  leading  U.S.  economic  indicators  and 
historic  patterns  of  global  minerals  and  materials 
production  and  consumption.  Presented  in  the 
1970  edition  of  Mineral  Facts  and  Problems  (and 
sumnuuized  in  the  1970  edition  of  Mineral  Trends 
and  Forecasts),  they  included  price  as  well  as 
consumption  projections.  Supply  was  assumed  to 
equal  demand  at  the  prices  specifieH. 

The^ methodological  procedutes  on  which  these 
initial  1970  projections  were  ba^  were  severely 
criticized,  particularly  those  \jsed  in  developing 
price  projections.  As  a  result,  different  procedires 
were  followed  in  the  1975  edition  of  Mineral  Facts 
and  ProbleflUB^^^x  U.S.  consumption  forecast*, 
reliance placed  on  the  use  of  leading  U.S. 
economic  indicators  in  elaborate  linear  regre^ion 
equations.  For  consumption  forecasts  for  the  rest 
of  the  world  (treated  as  an  aggregate),  reliance 
was  iriaced  on  making  use  of  trends  in  world 
economic  growth,  population  growth,  and  gi^wtli 
in  consumption  of  selected  minerals  and  'nate- 


rials,  as  projected  in  Hiel972  Maienbaum  Report; 
however,  aiithmetic  remtlrmships  were  estimated 
using  procedures  less  complex  than  those  used  to 
prciiect  U.S.  consumption.  No  explicit  pmt  ptx>- 
jections  were  in  making  forecasts  either  for 
U.S.  cohsumnlKMi  or  consumptkm  in  the  rest  of 
the  world,  a^  no  price  forecasts  were  published. 

Both  the^l972  MalenbLam  Report  and  its  1977 
reviston  are  based  on  a  methodol^  known  as 
intensity^>fmse  aOU)  analj^s.*  This  metbodol- 
ogy  produces  lower  projections  of  growth  ip 
gk>bal  minerals  and^naterials  consumption  by  the 
year  2000  than  the  simfrie  trend  extrapolations 
used  prevkxisly  by  the  Bureau  of  Mines.  It  also 
tends  to  produce  lower  projections  for  U.S.  min- 
eral consumptk>n  than  most  other  methodok)gies,  ^ 
as  they  have  been  used  to  date  by  groups  outside 


*The  dtvelopment  and  several  applkationt  of  the  lOU 
methoddlQgy  are  briefly  discussed  in  D.  B.  Brooks  and  P. 
W.  Andrews*  **Mineral  Resources,  Economic  Growth*  and 
World/0pulation/*5d*rtc^.  July  3, 1974*  p.  I3. 
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furet). 
nade  extensive  use  of 
in  revising  its  own 
future  use  of  the 


the  Bureau  (foi*  exainple,  the  Input-output  tech- 
niques used  by  Resources  forf  the  Future  in  its 
1972  report  to  the  U.S.  Comnjjtsion  on  Population 
Growth  and  the  American  Fi 

Although  th^  Bureau  has 
the  1972  Mijlenbaum  Repoi 
projections -and  pians  to  m; 
1977  Malenbaum  Report,  the  Bureau  did  not 
commission  either  report.  The  earlier  report  was 
pre))ared  for  the  U.S.  National  Commission  on 
MiUerials  Policy »  which  was  responsible'  for  ex- 
amining J)e  feasibility  of  striking  a  balance  be- 
tween the  national  n^  to  produce  goods  on  the 
one  hand  and  to  protect  the  environment  on  the 
other.  The  Malenbaum  projections  helped  the 
Commission  demonstrate  the  feasibility  of  striking 
such  a  balance,  sinca  lOU  analysis  assumes  that 
increasing  economic  growth  in  the  industrialized 
nations  requires  increasin^y  less  intensive  con- 
sumption of  min<hnals  and  materials  per  unit  of 
economic  growth.  The  iong-term  environmental 
implications  of  the  other  m^r  assumption  of  lOU 
analysis— that  increasing  economic  growth  in  the 
less  devek)ped  countries  (LDCs)  requires  increas- 
ingly more  intensive  consumption  of  minerals  ^tnd . 
materials  per  unit  of  economic  growth — ^were  not 
examined  by  the  Commission.  The  environmental 
impacts  of  such  increasingly  intensive  use  of 
minerals  and  materials  by  the  LDCs  coukl  rapidly 
escalfit^^  in  the  period  ^yond  the  year  2000^ 
recent  rates  of  LDC  economic  growth  are  s)fs 
tained  into  thatperiod. 

Events  surrounding  the  1973  oil  embargp  c; 
forth^tneigy  analyses  that  differ  significantly  soi 
of  the  projections  contained  in  the  H972  Malen 
baum  Report.  For  example »  according  to  that 
report,  U.S.  energy  /consumption  in  the  year  2000 
was  projected  to  r^ch  levels  almost  three  times 
as  great  as  those ^ the  196^-69  perio<l,  including 
a  doubling  of^.S.  natural  gas  consumption. 
Japan energy  consumption  was  projected  to 
increase  by  a  factor  of  six  over  the  same  period. 
Most  subsequent  energy  studies  project  much 
tower  rates  of  growth  for  energy  consumption, 
based  on  considerations  involving  limited  supplies, 
increasing  prices,  and  strategic  and  balance-of- 
payment  positions.  These  factors  are  not  explicitly 
t&ken  into  accbunt  in  Malenbaum *s  methodology, 
although  the  basic  principles  of  JOU  analysis 
couU  be  adapted  t3  methodologies  that  do  take 
those  factors  into  account.  It  was  against  the 


background  of  the  changes  taking  place  in  the 
eneigy  sector  and  the  intensifying  debate  regard- 
ing potential  limits  to  economic  growth  that  thie 
National  Science  Foundation  asked  Malenbaum 
to  revise  his  original  report. 

The  1977  Malenbaum  Report  did  not  re-examine 
the  former  projections  regarding  solid  fuels,  liquid 
fuels,  natural  gas,  and  other  energy  sources,  but  it 
did  re-evaluaie  projections  regarding  the  consump- 
tion of  aluminum,  copper,  iron,  steel,  and  zinc. 
All  were  revised  downward,  as  shown  in  Table 
22-1,  using  the  same  procedures  that  \yere  used  in 
the  197^rReport.  As  Malenbaum  pointed  out  in 
his  revis^  report,  these  lower  projections  were  in 
no  way  based  on  the  argimients  advanced  by  the 
limits-to-grov^  proponents,  since  both  the  1972 
and  1977  Repots  assume  that  the  commodities 
whose  consumption  is  being  forecast  will  essen- 
tially be  inexhaustible  and  available  at  current  real 
prices  throughout  the  period  of  the  forecast. 
Instead,  the  revised  report  reflects  lower  exoge- 
nous'projections  of  economic  growth  rates  in  both 
the  industrialized  nations  and  LDCs  and  lower 
exogenous  projections  of  the  intensity  with  which 
minerals  and  materials  are  likely  to  be  used  by 
nationi/in  both  categories. 

The  exogenous  ecoriomic  and  population 
growth  xates  used  in  the  1977  Malenbaum  Report 
differ  from  those  provided  to  the  .Global  2000 
Study.  The  Global  2000  Study's  economic  growth 
rates  are  significantly  higher  for  Africa,  Asia,  and 
Latin  America  and  significantly  lower  for  Eastern 
Europe,  Japan,  and  the  U.S.S.R.,  as  shown  in 
Table  22-2^ The  economic  growth  rates  used  in 
hese  t^o  studied  are  not  sfnctly  comparable, 


t  Leon  Fischman  and  Hans  H.  Landsbcrg.  -Adequacy  of 
Nonfuel  Minerals  and  Forest  Resources."  in  Commission 
on  Population  Growth  and  the  Amerit.an  Future  Population 
Resources  and  the  Environment,  Washmgton,  1972 


iwrter,  since  they  are  applied  to  different  his- 


toric base  estimates,  with  somewhat  different 
pnHX>rtionalities  (see  Table  22^3).  The  pppulation 
'  projections  also  differ,  but  the  differences  appear 
to  be  less  significant  (Table  22-4). 

The  1977  Malenbaum  Report  cites  the  following 
sources  for  historical  gross  domestic  product 
(GDP)  data:  United  Nations,  Statistical  Yearbook 
(annual);  U.N.,  Yearbook  of  National  Account 
Statistics  (annual);  International  Bank  for  Recon- 
struction and  Development,  World  Bank  Atlas* 
1975.  The  1977  Malenbaum  Report,  in  addition, 
cites  the  following  sources  for  historical  popula* 
tion  data:  U.N.,  Demographic  Yearbook*  various 
issues  (194H974);  U.N.,  Population  by  Sex  and 
Age  for  Regions  and  Countrieis,  1950-2000  as 
Assessed  in  1973:  Medium  Variant  (1976);  U.N., 
World  Population  Prospects  as  Assessed  in  1968 
(1973).  Chapter  III  of  the  1977  Malenbauin)  Report 
explains  in  some  detail  how  "the  projected  growth 
rates  reflect  the  judgment  of  the  |»incipal  invesu- 
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Avcrate  Annual  Ecoaomic  Growth  to  the  Year 
2000 

(Peneni) 


Malen- 
tMuim 
72 

Malen- 
baum 

•77  ' 

Global 
2000 
Study 

GlOCMl 

5tudy 

• 

^  Minus 

GDP 

GDP 

GNP 

Maien- 

1975- 

1975- 

2000 

2000 

'77- 

Africa 

3.4 

3.4 

4.9 

1.5 

Asia 

3.5 

5.2 

4.8 

1.6 

China** 

4.2 

3.3 

3.7 

.4 

Eastern  Europe 

3.5 

3.5 

2.9 

-.6 

Japan 

5.0 

4.1 

3.5 

-.6 

Latin  America 

3.7 

3.6 

5.0 

1  4 

U.S/  , 

3.8 

3.2 

3.5 

.3 

U.S.3.R. 

4.0 

3.4 

2.9 

-.5 

Western  Europe 

3.5 

3.2 

3.5 

.3 

Other  industrial' 

ized  n^ions 
World 

3.7 

3.3 

3.5 

.2 

3.8 

3.3 

3.6 

.3 

M.  due  to  drfhrcnl  base  yean!  base  estisutei. 

iKMhn  Momoha.  Monk  Korta.  and  htorik  Vieiitam 
'  IfclMHai  PiMfto  RicaaMi  otiwr  ovmaat  U  S  islands 

i 

f 

TABLE  22-3 
Base  Year  Natiodal  Income 

i  Billions  of  doiiars) 


MaJen- 


Malen- 


Global 
2000 


l>aum  '72 

baum  '77 

Study 

CDP** 

% 

GDP" 

% 

GNP« 

% 

Africa 

65 

2 

71 

2 

128 

2 

Asia 

236 

6 

.  201 

5 

348 

6 

China' 

137 

4 

144 

4 

30k 

5 

Eastern  Europe 

195 

5 

227 

6 

330 

5 

Japan 

240 

7 

258 

7 

493 

8 

Latin  Anterica 

202 

6 

200 

5 

319 

5 

U.S.' 

1.025 

28 

1.122 

28 

1.516 

25 

U.S.S.R. 

510 

14 

617 

16 

666 

11 

Western  Europe 

900 

25 

936 

24 

1.634 

27 

Other  industrial- 

ized nations 

160 

4 

183 

5 

288 

5 

World 

3,670 

101' 

3,960 

102' 

6,025 

99* 

•  IfTOIIiwnii  lf7lc  

^  An  of  1971-75  flpm  ta  1971  4oitan 

'  l97Sl|pmt.inl975  4Mvi. 

*  IneMini  lMpNia,  Movlli  Km,  and  North  VMaam 
*laMl||rMotie*andoCkiroman»US.  Wanda. 
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gator,  with  Ml  regard  to  other  research  and 
appraisab  available  on  the  current  scene  with 
reqxct  to  world  economic  devek^ient.** 


TABUE;  22^ 
Representaeive  IH>|Milaiion  Projections 


(Millions) 


|4aSenbai>m 
•72 


Malenbaum 

'  '77 


Global  2000 
Study 


197l\ 

^2000 

1971-75 

2000 

*>75 

2000 

U.S. 

210 

1  300 

.  214 

281 

^  216 

248 

U.S.S.R. 

245 

375 

250  ^ 

336 

254 

309 

japan 

105  1 

140 

108. 

133 

112' 

133  ^ 

All  other 

nations 

3.224  ^ 

y5.615 

3.SP6 

5.608 

3,506 

5.66r  • 

World 

3.784 

)6.430 

3.348 

6.358 

4.090 

'6.351 

The  methooology  and  assumptions  undtriying 
the  Global  2000  Study's  GNP  projections  are 
^[Hiesented  in  Chapter  16,  which  notes,  reganUng 
the  LDCs,  that  io  most  cases,  GNP  and  GDP  art 
virtually  equivalent  and,  therefore,  used  inter- 
changeably by  the  Global  Study.  The  methr 
odology  and  assumptions  underlying  the  Study's 
population  projections  are  presented  in  Chapter 
15.  ' 

The  Global  2000  staff  investigated  the  feasibility 
of^  recalculating  the  ^minerals  and  materials  con* 
sumption  forecasts  of  the  1977  Malenbaum  Report 
on  the  basis  61  the  Study  s  economic  growth  and 
population  projections.  E^ecause  Malenbaum X  his- 
torical GDP  data  are  not  consistent  wi^  the  GNP 
figures  obtained  by  the  Global  2000  Study  from 
the  Vor/c/  Bank  Atlas  of  1976,  because  the  lOU 
methodology  requires  consistent  figures,  and  be- 
cause th6  differences  could  not  be  reconciled  in 
the  tiniie  available  for  the  Global  2000  Study,  a 
new  set  of  consumption  projections  for  minerals 
and  materials,  consistent  with  the  project's  eco- 
nomic growth  and  population  projections,  could 
not  be  developed. 


Basic  Principles 

The  purpose  of  intensity-of-use  analysis  is  to 
project  the  consumption  of  a  given  mineral  or 
material  within  a  given  region  in  a  given  year.  The 
analysts  considers  only  primary  use  and  disregards 
subsequent  shipments  of  processed  or  manufac- 
tured minerals  or  materials  to  other  regions. 
Hence,  Japan,  for  example,  is  represented  as  i 
having  exceptionally  high  consumption  levels,  / 
since  Ja|^r«se  exports  are  disregarded. 

Total  world  consumption  of  a  ^ven  mineral  or 
material  is  calculated  as  the  sum  of  the  Consump- 
tion levels  for  that  commodity  projected  for  each 
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region.  Calculations  regarding  future  consumption 
levels  are  independent  of  similar  calculathins  m- 
volving'  that  region's  consumption  of  any  other 
mineral,  material,  or  comnlodity.  and  independent 
of  any  other  region's  consumption  levels  oT  any 
commodity.  TheV  are  al»o  independent  of  any 
explicit  considerations  regarding  potential  changes 
in  suj^ply  levels,  prices,  or  sjrategic  or  balance-of- 
f>ayment  positions. 

According  to  thi  principles  of  lOU  analysis, 
consumption  of  a  given  mineral  or  material  within 
a  given  year  can  beNieliably  calculated  on  the 
-y     basis  of  just  three  components: 

•  An  exogenous  projection  of  the  level  of  overall 
economic  activity  (GDP)  within  a  given  region 
in  a  given  year. 

•  A^  exogenous  projection  of  the  total  population 
within  the  same  region  in  the  same  year. 

^  i 

•  An  "lOU  table*'  showing  the  quantity  of  a 
given  mineral  or  m4terial  likely  to  be  consumed 
within  that  region  per  unit  of  that  region's  total 
GDP  (a  ratio  known  as  the  commodity's  inten- 
sity of  use)  at  various  levels  of  regional  per 
capita  GDP. 

A  relatively  high  lOU  statistic  for  a  particular 
commodity  (in  a  given  region  at  a  given  level  of 
per  capita  GDPJ  indfcates  that  a  relatively  large 
quantity  of  that  commodity  is  projected  to  be 
consumed  per  unit  of  total  GDP  (in  that  region  at 
(hat  level  of  pei  capita  GDP).  According  to 
theory,  LDCs  that  are  industrializing  require' 
creasing  amounts  t)f  minerals  and  materials  per 
unit  of  total  GDP  as  their  economies  expand' and 
per  capita  inconles  grow  (that  is,  their  lOU 
statistic  increases  as  a  function  of  increasing  per 
capita  GDP).  However,  industrialized  nations  that 
are  moving  Jp ward  postindustrial  service  econom- 
ies require  decreasing  amounts  of-  minerals  and 
matenals  per  unit  of  total  GDP  as  their  economies 
ejj^and  and  per  capita  incomes  grow  (that  is,  their 
•  lOU  statistic  decreases  as  a  function  of  increasing 
per  capita  GDP).  Thus,  mineraj  and  metal  con- 
sumption levels  within  a  region  whose  economy  is 
moving  from  industrialization  to  postindustrializa- 
tion  arc  projected  using  lOU  statistics  at  various 
levels  of  per  capita  GDP  that  form  the  inverted 
U-shaped  curve  shpwn  in  Figure  22-1 . 

Mathematically,  the  computations  used  to  pro- 
ject worldwide  consumption  of  a  given  mineral  or 
material  in  a  given  year,  according  to  lOU  analy- 
sis, can  be  summarized  by  the  following  three 
equations,  where  nt  represents  a  particular  mate- 
nal.  r  represents  a  particular  region,  and  y  repre- 
sents a  particular  year: 
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ngMK  22-1,  lnten$ity-of-use  curve  of  a  nation  whose  economy 
ts  moving  from  an  industrializing  economy  to  a 
pott-indiutrialization  Krvice  economy. 

Consuml)Hon^,„=  GDP,,  x  !0U^,„  \ 
Worldwide  conMjmplion,„„=     consumptionmr«  \ 

According  to  the  1977  M^jlenbaum  Report,  the 
lOU  statistic  has  several  noteworthy  aspects: 

First,  it  is  readily  available  over* past  years, 
given  [reliable]  statKfic^on  a  nation's  use  of  (the 
commodity  In  quesl_  .,  _ 

Second,  the  veny  concept  of  an  input  and 
output  relationshiomas  a  technological  dimension. 
It  must  reflect  <;Hanges  in  use  and  efficiency  of 
inputs  to  yield  outputs,  with  account  taken  of 
changes  in  techniques  (for  input  or  output)  and 
changes  in  market  relationships  asscKiated  with 
supply,  demand,  and  public  policy  bearing  on 
inputs  and  outputs. 

Third,  and  of  particular  interest,  the  historical 
evidence  on  intensity  of  use  suggests  there  are 
patterns  of  behavior  of  the  measure.  And  these 
patterns  be  identified  with  underlying  theory  and 
empirical  time  ohservaticn^^4'*^ccd,  it  is  this 
systematic  behavior  of  thelfileasure  that  indicates 
its  potential  usefulness  in  demand  analysis  for  raw 
materials. 

However,  the  1977  Male)ibaum  Report  also 
points  out  that  application  of  lOU  analysis  is  still 
preliminary  and  that  "there  femain  further  and 
additional  tasks  to  pursue,  particularly  with  re- 
spect to  the  specific  causes  of  differences  in 
intensityn^f-use  measures  over  time  an^  among* 
regions/' 

The  actual  estimation  of  lOU  statistics  to  be 
associated  with  future  levels  of  per  capita  GDP 
(for  various  commodities  within  various  regions) 
is  based   on   historic  data  but   is  highly 
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judgmental.*  Historic  lOUs  are  plotted  as  a  func- 
ticn  of  per  capita  GDP  cor  each  region  and 
commodity,  and  apparent  trends  are  extrapolated 
more  or  less  linearly.  According  to  the  1977 
Malenbaum  Rcfport,  these  cxtra^lations  reflect 
"consistent  judgments,  conditioned  by  a  vast 

'  assembly  of  pertinent  data  (and  published  and 
other  expert  opinion),  the  economic  rationale  of 
past  performance,  and  theories  of  economic  equi- 
librium change  and  growth/* 
^  It  is  relatively  simpb  to  make  new  consumption 
^  ,  projections  for  minerals  and  materials  for  regions 
for  which  lOU  relationships  have  already  been 

*  defined,  based  on  new  GDP  and  population  pro- 
{  iections,  which  must  be  consistent  with  the  his- 
toric GDP  and  population  data  used  to  develop 
the  lOU  tables.  Considerably  more  effort  and 
sophisticadon  arc  needed  to  make  new  projections 
that  require  the  formulation  of  new  lOU  tables.  A 
*  rcpres^rttative  lOU  table  from  the  1977  report 
(shcwing^he  lOU  relationships  for  refined  copper 
for^jO  regions)  is  reproduced  graphically^  in  Figure 

The  somewhat  different  curves  for  Ciach  mineral 
or  material  m  each  region  are  explained  by  the 
unique  economic  characteristics  of  each  region; 
ii)fluenc,ed'  by  three  economic  determinants  pecu- 
liar tojeach  mineral  and  material.  The  three 
, determinants  cited  by  Malenbaum  arc: 

1,  Demand  forces.  These  change  the  composi- 
tion of  GDP.  In.  rich  lands,  the  tendency  toward 
relative  expansion  of  the,  services  component  of 
GDP  will  persist,  perhaps  increa^;  materials  use 
per  unit  of  GDP  will  on  the  whole  tend  to  decline. 
In  poor  lands,  modernization  will  continue  and 
with,  it  the  creation  of  a  higher  proportion  of  total 
Output  \ti  industrial  sectors.  Both  considerations 
suggest  the  persistence  of  a  relationship  in  which 

V  lOU  first  increases  with  per  capita  income— per- 
ha|^  rapidly— «nd  sconer  qr  later  decline  with  per 
capita  income— perhaps  slowly. 

2.  Technoloffical  prof^ress.  This  i)lays  an  impor- 
tant role  in  Intensity  of  use,  serving  to  lower  it. 
On  the'  whole,  throughout  the  world  we  can 
expect  continuation  of  a  trend  >vhere  the  net  effect 


^Malenbaum  cites  a  wide  iange  of  sources  for  his  hisioncal 
data  regarding  minerals  and  materials  consumption  Metal 
Bulletin  Limited.  Metal  BuHettn  Handbooks  (1909-76). 
National  Commission  bn  Materials  Policy:  Overseas  Geo- 
logical Surveys.  Mineral  Resources  Div  .  Statistual  Sum- 
mary of  the  \f intra!  Industry  Production,  Expttrts.  and 
Imports.  (1934-71);  and  the  following  annuals  Metalgcsells- 
chaft  Aktiengeseilschaft.  Af^'fu/  StatistUs:  Unitt  *  Nations 
The  Steel  Market:  United  Nations.  Worid  Trade  At^  i 
and  Its  Supplement  (1971-74);  U  S  Bureau  of  Mtncs. 
Minerah  Kror/xwAs  (1934-74) 


is  that  smaller  inputs  of  material  accomplish 
essentially  what  laiger  inputs  did  earlier— more 
efficient  fuel  utilization,  development  in  alloys, 
precision  designing,  and  the  Hke,  as  the  U.S. 
experience  has  demonstrated. 

3.  Substitution,  The  substitution  of  one  malerial 
for  another  and  of  synthetic  fdvvnatural  materials 
will  continue  to  characterize  economic  groAth. 
These  forces  will  |HX)ceed  as  technology,  demand, 
and  supply  Bear  upon  relative  market  prices  and 
publk:  poncy.  T)fese  are  probably  universal  forces, 
although  special  circumstances  (relative  impor- 
tance of  domestic  production,  for  example)*  may 
govern  the  liming  if  not  the  direction  of  the  shift 
pattern  in  some  parts  of  the  world.  In  the  past, 
this  substitution  process  contributed  to  marked 
downward  moveitients  in  lOU  in  some  niaterials 
and  to  decisive  upward  movements  in  others/ 
Broadly  speaking,  these  trends  are  projected  to 
continue,  althou^  at  more  moderate  rates. 

One  fundamental  premise  underlies  the  way  the 
1977  Malenbaum  Report  takes  these  determinants 
into  consideration,  namely:  \ 

.  The  growth  of  nations  has  an  internal  dynamic,  . 
That  is,  long-term  growth  is  not  governed  by 
supply  limitations  of  any  specific  input  materials 
nor  is  it  limited  by  any  inelasticity  of  total  output 
imposed-  by  suppfc^  or  demand  of  materials.  This 
assumption  [hasj  made  it  possible  to  project 
national  and  world  economic  growth  in  one  part  of 
the  Research  effort  without  regard  to  the  material 
nec  js  appraised  in  the  other  part  of  the  study. 

The  existence  and  independenc:^  of  this  internal 
dynamic,  as  described  by  Malenbaum,  is  thus 
clearly  identified  as  a  premise  rather  than  a 
conclusian  of  Malenbaum's  study.  The  theory  of 
lOU  analj'sis  also  assumes  that  (1)  the  countries 
comprising  a  region  for  whidi  each  lOU  function 
is  developed  have  historically  liad  comparable 
economies  with  respect  to  the  mineral  or  material 
for  which  the  fiinction  is  developed,  (2)  the  same 
countries  have  also  had  comparable  per  capita 
GDP  levels  and  will  maintain  roughly  identical 
growth  rates  during  the  forecast  period,  and  (3) 
their,  various  commodity  consumption  ratesHcan 
be  projected  independently  of  each  other,  without 
explicitly  accounting  for  interregional  competition 
or  cdmmodity  substitution. 

In  addition  Malenbaum  assumes  that"  environ- 
mental constraints  will  not  limit  the  future  availa- 
bility of  minerals  and  materials.  Thus,  the  1977 
Malenbaum  Report  observes: 

The  fact  that  the  presen*  ;rojections]  represent  a 
15  percent  reduction  [fro.n  the  projections  made 
in  t;ie  1972  Malenbaum  Report]  must  be  attributed 
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to  a  judgitient  on  man's  aspirations  for  progress 
and  the  skiUs  he  employs  to  that,  end;  the  fact 
cannot  be  attributed  to  ihe  weight  of  imminent 
materials  resource  exhaustion  or  of  environmental 
detenonation. 

However,  the  report  also  notes,that  expectations 
Of  bask,  materials  scarcities  have  "undouctediy 
encouraged  man  and  society-io  cope  with  shortage 
through  more  intensive  materials  use." 

M^lenbaum's  analysis  .also  disregard  sociopol- 
itical factoid  that  might  influence  future  consump- 
tion levels.  Thus,  factors  involving  produc«r  con- 
tral  (for  example,  ^ntial  cartelization  arising 
from  the  irregular  global  distribution  of  resources 
among  countries)  or  prodflcer-imtotence  (for 
example,  potential  civil  disruption  arising  from 
resistAnce  to  increasing  levels  of  polhition  associ- 
ated with  increasifig  extraction  activities  or  from 
resistance  to  uncompensated  boom-bust  cycles) 
are  ignored.,  as  are  any  potential,  changes  in  the 
international  ecdbofoic  or  political  ^ordrf!  Eco- 
•  nomic  cycles  are  also  disre^irded' (including  their 
destabilizing  impaets  6n  demand  and  prices). 

Malenbaum's  analysis  furthermore-assumes'that 
future  consifflption  of  minerals  and  materials  is 
independent  (rf  price,  except  to  the  very  limited 
extent  that  pri*  changes  are  implicitly  considered 
in  extrapolating  historic  lOU  relationships.  To  the* 
d^ree  they  are,  they  are  pfttjected  to  decline  in 
real  terms.  The  1977  Malenbaum  Report  projects 
a  gKtdual  weakeniM  of  demand  forces  relaUvt 
to  supply  forces"  and  corichides,  therefore,  that 
the  long  tenn  tendency,  1985  and  2000,  may  thus 
be  for  lower  materials  prices  relative  to  priced  of . 
'the  final  products  in  which  they  are  used." 

This  price  prediction  is  a  judgmental  interpreta- 
tion of  the  results  of  the  lOU  analysis  contained 
in  the  1977  Report  gather  than  a  direct  lOU 
calculation,  since-  the  lOU  methodology  does  not 
prpjcct  prices,  demand  curves,  or  supply  curves. 
The  price  prediction  is  based  instead  on  compar- 
ing pest  growth  rates  in  minetals  and  )naterials 
consum^tioil  (5-10  percent  per  year)  with  pro- 
jected gro\^h  rates  in  minerals  and  materials 
coimimption  (M  percent  per  year)  and  inferring 
a  reduction  in  demand  pressure  relative  to  supply 
calculating  these  rates  as  the  sum  of  non-U  S 
demand  and  U.S.  net  imports. 

This  price  projection  directly  contradicts  the 
price  projections  foi*  minerals  and  mat^s  that 
were  used  in  jirojecUng  <vorldwide  GNRrowth 
rates  for  the  Global  2000  Study.  These  assumed, 
tor  example,  that  average  prices  for  copper  and 
tin  will  increase  by  roughly  5.2  and  2.5  percent 
per  year,  .respectively,  in  constant  dollars,  during 
the  1975-1985  period.  However,  this  difference 


..  may  be  explained  "in  part  because  the  GNt» 
projections  also  assumed  higher  annual  growth 
rates  in  worid  trade  in  most  minerals  and  materials 
than  the  1977  Malenbaum  Report.  For  example, 
trade  in  bauxite,  phosphate,  silver,  ani  ziiic  was 
collectively  prpjected  to  increase  at  6.3  percent 
per  year  over  the  1975-1985  period,  whereas  the 
I  «f77  Malenbaum  Report  projects  average  annual 
world  consumption  of  primary  aluminum  to  in- 
crease at  4.2  percent  and  of  zinc  at  0.3  percent 
over  the  same  period. 

,  One  of  Malenbaum's  tWo  most  basic  lOU 
a:>sumptions— that  as  LDCs  progressively  indus- 
tna^ize.  they  require  increasing  amounts  of  min- 
erals and  matenals  per  unit  of  total  GDP— seems 
to  beinconsistent  with  an  assumption  underiying 

-^^Tu  ,5^"'*"'  °^  Energy's 'pibjections  for  the 
Global  2000  Study.  The  Study's  energy  methodol- 
ogy assumed  that  LDC  energy  imports  (measured 
in  Btu  s)  would  be  a  fixed  percentage  of  GDP. 

Historical  lOU  statistics  for  the  LDCs  generally 
seem  lo  support  MalenbaumV  position-  -at  l&st 

,01  the  case  of  Africa  (Table  22-5).  However,  past 
Africa/.  lOU  statistics  for  cobalt  and  tin  represent 
ujportant  exceptions  to  this  rule  since  they  did 
not  increase  steadily  over  time.  Moreover,  Mal- 
enbaum appears  to  violate  his  own  rule  in  project- 
ing African  lOU  statistics  for  nickel  and  tin  since 
the  lOU  statistics  for  these  metals  are  projected 
to  decline  rather  than  increase.  He  explains  this 
anomaly  in.the  case  (rf  tin  but  not  in  the  case  of 
nickel. 

The  other  basic  lOU  assumptioiv— that  as  indus- 
trialized natrons  progressively  develop  postindusC 
tnal  service  economies,  they  require  decreasingf 
amounts  of  minerals  and-materials  per  unit  of  total 
GDP— is  contradicted  by  the  Global  2000  Study's 
GNP  projections.  The  GNP  methodology  assumed 
that,  ir  general.  LDC  mineral  and  metal  export 
volume*:  to  the  industrialized  nations  would  in- 
crease faster  than  economic  growth  in  the  indus- 
tralized  nations  < 

Historical  lOU  statistics  for  {he  industrialized 
nations  do  not  offer  the  same  degree  of  support 
for  Malenbaum's  position,  at  least  not.  for  example, 
in  the  case  of  U.S.  refined  copper  consumption. 
Table  22-6  presents  U.S.  refined  copper  lOU 
^tistics  on  both  an  average  and  incremental  basis 
(incremental  lOU  can  be  defined  as  incremental 
mineral  consumption  divided  by  incremental  GDP 
growth— i.e..  the  amount  cf  additional  mineral  con- 
sumptk>n  associated  with  an  addit'onal  unit  of  GDP 
growth).  While  average  lOU  values  have  generally 
declined,  supporting  Malenbaum's  position,  incre- 
mental lOU  values  have  not  exhibited  a  continuous 
pattern  of  decline.  Thus,  at  least  in  the  case  of  U.S. 
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TABLE  22-5 

Ihtciuity  or  Uk  StatMcs:  Africa  (excluding  South  Africa),  1951 

(unils  per  bttUon  dollars  GDP,  in  constant  1971  dollars) 


-mi 


1951-55 

1961-65 

1971-75 

1985 

2000 

36.7 

'  163.2 

'  559.2 

600.0 

900.0 

346.0 

416.0 

486  0 

750.0 

8C0.0 

13.3 

12.0 

^.9 

10.5 

H.O 

217.8 

266.7 

291.4 

3}0.0 

400.0 

46.4 

57.9 

1 

53.2 

70.0 

80.0 

3.8 

4.9 

6.7 

7.5 

8.5 

3.9 

16.0 

49.4 

55.0 

50.0 

11.0 

95.0 

534.0 

600.0 

725.0 

49.3 

57.6 

68.9 

75.0 

85.0 

46.6 

64.2 

,  21.6 

60.0 

55.0 

2.i 

.  .1.7 

9.6 

10.0 

10.2 

22.9 

122.0 

327.5 

350.0 

400.0 

.Primary  aluminuin  {metric  ions} 
Chromcrort  [metric  tons) 
CoMt  {metric  tonsY 
RcfiiMd  copper  {metric  tons) 
Iron  ore  {thousand  metric  tons) 
MaAfUieic  {thousand  metric  tons) 
Nickel  {thousand  metric  tons)** 
PUttnum  poup  {frcy  ounces) 
Crude  steel  {thousand  metric  tons) 
Tin  imttric  tonsY 
Tuoflten  {metric  tons) 
Zinc  {metric  tons) 
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» mmmk pamw  iipp  m  KHJ  A>cry;  •iUn»ohHkw  cotradictt  iOU  Uwory  DMa iiwludtf  Soiitli  Afhci. 
I  it  — bifiWii:  ♦itffifototo  comrMicti  lOU  tl^ory:  iy7t-75  flairt  ii  letmtfv. 


refined  copper  consumption,  the  general  decline  in 
average  IOU  values  since  I936can  be  accounted  for 
arithnie^cally  as  due  solely  to  the  high-IOU  com- 
position of  the  U.S.  industrial  base  pfrior  to  1936, 
since  the  average  value  always  incorporates  this 
donninating  component.  It  dearly  does  not  decline 
jirithmeticaUy  because  of  a  consistent,  continuing 
trend  of  bwer  and  lower  IOU  increments  to  that 
base. 

This  naturaUy  raises  questions  regarding  the 
extent  to  which  continuing  declines  in  average 
IOU  vahies  for  the  industrialized  nations  can  be 
projected  indefinitely  into  the  future  with  a«iy 
confidence.  It  may  well  be,  for  example,  that  even 


though. gains  in  technologic^  efficiency  can  signif- 
icantly reduce  mineral  consumption  (as  industrial- 
ization progresses),  the  increasing  use  of  technology 
by  an  industrialized  society  (in  more  and  more 
areas  of  human  activity  from  which  it  was  previa 
ously  excluded)  at  some  point  more  than  compen- 
sates for  gains  in  technological  efficiency.  Under 
these  circumstances,  the  average  IOU  statistic'  for 
an  industrialized  nation  might  well  begin  to  in- 
crease (in  the  absence  of  supply  constraints  or 
price  restraints).  But,  of  course,  this  is  merely  a 
speculation  neither  confirmed  nor  denied  by  Mai- 
enbaum's  analysis,  since  Malenbaum  did  not  pro- 
vide extensive  analytic  support  for  the  basic 
premises  of  his  methodology. 


V.  TABLE  22^ 

Intensity  of  Use  Staf  :slic8:  United  SUtes,  Refined  Copper,  1934-7S 

'  Averaec  Values'  1934^38  1951-56         195^^1  1961-65  196^70  N971>75 

Refined  copper  consumption'*  5^1.38  1298.12  1258.64  1681.26  1891.06  1886.06 

ODF      f  213.396  557.108  640.160  773,222  942.137  U22.094 

Intensity  of  use''  2724.0  2330.1  1966.1  ?174.4  2006.8  1680.9 


Incrci^ntel  Values' 

Refined  copper  consumption^ 
GDF 

Intensity  of  use' 


1936^3 

716.74 
343.712 
2085.3 


1953^58 

-39.48 
83.052 
-475.4 


1958-^ 

422.62 
133.062 
3176.6 


1963-68 

209.80 
169^095 
1240.7 


t968->73 

-4.98 

179.777 

-27.7 


*  liiltaM  if  «c<fte  lOM. 

r  MMmm  of  if7i  eoMiMi  Mlwt 

*  Milfte  MM  pm  MHOM  of  tfTi  comimi  Mtor* 


^rtdaion  is  it  tlw  1977  MaltnbMiM  Mport 
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Although  the  lOU  methodology  assumes  that 
the  intensity  and  rate  of  consumption  of  various 
minerals  and  materials  within  a  region  will  change 
over  time  fin  response  to  chants  in  the  region's 
rates  of  GDP  and  pcqxilation  growth),  it  does  not 
assume  that  these  intensities  and  rates  will  change 
m  the  same  way  for  all  minerals  and  materials. 
This  may  be  seen,  for  example,  in  the  prt)jections 
developed  for  Africa,  whicl^  are  presented  in 
Table.  22-7.  In  these  projections  the  average  annual 
economic  growth  rate  for  j\fnca  declines  during 
the  1975-2000  period  to  only  70  percent  of  tlie 
rate  during  the  1951-1975  period.  Also  during  the 
197S-2000  period,  the  average  annual  population 
growth  rate  declines  to  90  percent  of  the  rate 
durii^  the  1951-1975  period.  Associated  with 
these  deoce^  is  a  wide  range  of  changes  in 
consumption  growth  rates  for  minerals  and  mate- 
rials. Some  new  rates  arc  over  80  percent  below 
previoifs  rates  (aluminum  and  platinum);  one  is 
over  500spercent  higher  than  previous  rate)S  (tin/ 


which  is  clearly  an  exception).  In  all  cases,  as 
shown  in  the  same  table,  the  African  share  of 
world. mineral  and  material  consumption  is  pro- 
jected to  change  very  little. 


Basic  Components 

In  terms  of  the  requirements  of  the  Global  2000* 
Study,  lOU  analysis  produces  explicit  estimates 
of  future  resource  consumption  related  to  minerals 
and  materials,  based  on  exogenous  estimates  of 
economic  and  population  growth.  As  already 
stated,  resources  are  generally  assumed  to  be 
inexhaustible  and  available  at  constant  real  prices. 
No  explicit  account  is  taken  of  environmental 
factors. 

Specifically,  lOU  analysis  is  an  uncomplicated 
arithmetic  procedure  for  using  lOU  tables  (which 
estimate  the  intensity  with  which  minerals  or 


TABLE  22-7 

Minerals  and  Materials  Consumption:  AlHca,  (excluding  South  Afrfca),  1951-2000 

Share  of  World  Total 


4 

c 


Commodities 
Primary  aluminum 
Chrome  or^ 
Cobalt 

Refined  copper 
Iron  ore 
Manganese 
Nickel*  « 
Platinum  group 
Crude  steel 
i  Tin 
Tungsten 
Zinc 

Economic  Growth' 
Malenbaum  'li  (GDP) 
Glotml  2000  Study 
(GNP) 

Population  Growth: 
Malenbaum  '77 
Global  2000  Study 


Average  Annual  Growth 
{pen  em) 


1951-75 


20.5 
8.8 
3.6 
6  7 
6.0 
8.2 
19  8 
27  4 
6  9 
1.2*^ 
12.8 
20.4 

5.1 


2.4 


1975-85 


40 

4.2 
3  9 
J  9 
(.2 
44 
4.3 
^  4.3 
40 
12.9*^ 
3.8 
36 

3  5 
55 

2.7 
2.9 


•  Aa  «vmwi  of  IMI-55  f^**"  \ 

*  A«  avtniit  ct  lf7U75  flfurcf 

*  MakitaiMi  M4t»  Umh  the  I97I-/1  nturt  for  Un  ii  lenutiv? 

•  If75 


1965.2000 

1^53- 

1973*' 

1965 

2000 

6.2 

.3 

.4 

3.7 

3 

.7 

.8 

.9 

3.7 

3.8 

3,0 

3  1 

3.4 

4.3 

.2 

.3 

.3 

.4 

3  8. 

8 

9 

!  3 

1.5 

42 

M 

24 

27 

3,1 

2.7 

.7 

8 

.8 

4.7 

7 

J 

9 

4.3 

6 

8 

9 

1  1 

7.0 

8 

J'* 

2  3 

2.5 

^  34 

.3 

1.7 

1  8 

20 

4.3 

0 

4 

5 

.6 

3  3 

.  1.6 

1  8 

1.8 

1.8 

46 

2,1' 

2.4 

2.9 

2.2 

8.4 

9.2 

10.0 

10.7 

2.9 

9.r 

10.2 

120 
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materials  will  be  consumed  within  a  given  country 
or  region  relative  to  per  capita  GDP  levels)  to 
translate  exogenous  GDP  and  population  projec- 
tions into  minerals  and  materials  consumption 
pi  ejections.  Such  tables  could  be  developed  for^ 
any  mineral  or  material  with  rfespect  to  aay  given 
country  or  region^  However,  the  only  lOU  tables 
currently  cor^idmd  tc*  be  timely  and  useful  by 
members  |l!iir  ^  Qureaii  of  Mines  staflf  are  those 
contained  in  the  1^  Malenbaum  Report.  That 
report  contains  lOU  *tiibles  for  the  fdlowing  12 
minerals  and  materials,  which  are  said  in  the 
report  to  account  ^llectivciy  for  80-90  percent  of 
the  value  of  lotal  world  mineral  production: ' 

aluminum     copper    .     nickel  t|p 
chrome        iron    .        platinum  tungsten 
cobalt         manganese    steel  zinc 

^fach  lOU  table  presents  separate  lOU  curyes  for 
ei^h  of  the  following  10  cbunfries  or  groups  of 
countries,  as  did  the  lOU  tables  contained  ip  the 
1972  MalenbdUm  Report: 

•  Africa  (except  Souths  Africa) 

•  Asia  )(except  Israel,  Japan;  China,  and  the 
countries  listed  with  China  below) 

•  China,  Mongolia,  North  Korea,  and  North  Viet- 
nam' 

•  Eastern  Europe  (Soviet  bloc  countries  plus 
Albania  and  Yugoslavia) 

•  Japan 

•  I  ^tin  America 

•  United  States  (including  Puerto  Rico  and  other 
overseas  U.S.  islands) 

•  USSR. 

•  Western  Europe  Tthat  is.  Western  European* 
members  of  the  Organization  for  Economic 
Cooperation  and  Development) 

•  Other  industrialized  nations  (Australia,  Canada, 
Israel,  New  Zealand,  and  South  Africa) 

A  geographical  perspective  on  the  methodology 
underlying  these  projections  is  provided  in  one  of 
the  coioftd  maps  used  to  illustrate  the  discussion 
in  Chapter  14  on  the  Government's  Global  Model 


^  Bask  Procedures 

Given  ah  existing  t^ble  of  lOU  relationships, 
the  following  sequence  of  steps  is  followed  in 
executing  an  lOU  analysis  based  on  new,  exoge- 
nous GDP  and  population  projections: 

1.  Obtain  an  existing  lOU  table  that  relates  the 
quantity  (per  unit  of  re{jonal  OPP)  of  a  mineral  or 
material  likely  to  be  consumed  within  that  region 
to  the  per  capita  GDP  of  the  region. 


2.  Obtain,  for  the  y^ar  in  which  the  projection 
is  to  be  made,  exogenous  regional  {a)  GDP  and 
{b)  population  projections  and  calculate  regional 
per  capita  GDP  for  that  year.  These  exogenous 
projections  must  be  consistent  with  the  historical 
GDP  and  population  data  used  in  developing  the 
lOU  table. 

3.  Dctcmiine  from  the  lOU  table  the  appropri- 
ate lOU  value  (expressed  in  tenns  of  commodity 
units  per  unit  of  total  GDP)  for  the  regional  per 
capita  GDP  level  just  calci|lated.  interpolating  or 
extrapolating  as  necessary. 

4.  Multiply  this  lOU  value  by  the  exogenously 
estimated  total  regional  GDP  for  )tbat  year,  in 
order  to  calculate  the  estimated  regional  mineral 
or  material  consurpption  for  .the  year  for  which 
the  projection  is  being  developed. 

An  example  of  how  the  1977  Malenbaum  Re- 
port projected  African  copper  consumption  for  the* 
year  2000  is  pHnovided  below: 

1.  Refer  to  the  lOU  table  for  copper  in  Figure 
22-2. 

2.  Assume  an  annual  African  GDP  growth  rate 
of  3.4  percent  and  an  annual  African  population 
growth  rate  of  2.4  percent  for  1975^2000.  This 
yields  a  total  African  GDP  in  the  yeat  2000  of 
$178  billion  (denominated  in  constant  1971  dollars) 
and  an  African  population  of  680  million  in  the 
year  2000.  Per  capita  GDP  is  thus  $262.* 

3.  From  Figure  22*2,  assuming  an  African  per 
capita  GDP  of  $262,  it  can  be  determined  that  the 
appropriate  lOU  value  for  this  pel*  capita  GDP 
level  is  approximately  400  metric  tons  per  billion 
dollars  of  GDP. t 

4.  Multiply  the  exogenously  estimated  total 
African  GDP  level  ($178  billion)  by  the  converted 
lOU  value  (400  metric  tons  per  $1  billion  of  GDP) 


*  The  actual  calculahon  in  the  1977  Malenbaum  Report 
estimated  that  average  annual  African  GDP  was  $71  billion 
during  the  period  I971>75:  economic  growth  at  3.4  percent 
per  year  was  then  calculated  for  27.5  years:  the  same 
calculatf<m  was  made  with  respect  to  population.  Roughly 
comparable  calculations  using  {}/k  Global  2000  project's 
medium  projections  would  forecast  an  African  GNF  level  of 
$427  billion  in  constant  1975  dollars,  a  population  level  of 
497  million,  and  a  resulting  per  capita  GNF  of  $859  by  the  year 
2000. 

fit  would  be  jnisleading  to  apply  the  Global  2000  StudyS 
per  capita  GNP  projections  to  the  chart  in  the  figure,  since, 
as  previously  noted, 4he  historical  figures  used  in  developing 
the  chart  tould  not  be  made  consistent— in  the  time  avail- 
,able— with  the  GNP  figures  used  by  the  Global  2000  project. 
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in  order  to  obtain  estimated  African  refined  cofh 
•  per  consumption  in  the  year  2000  (71  thousand 
metric  tons).* 

In  the  absence  of  an  existing  table  of  lOU 
relationships,  there  are  apparently  no  explicit  rules 
to  follow  in  developing  new  lOU  tables,  other  than 
to  begin  by  plotting  historical  experience  and  then 
to  use  judgment  in  proceeding.  In  the  case  of  the 
copper  lOU  table  shown  in  Figure  22-2,  several 
factors  are  cited  in  the  1977  Malenbaum  Report  ks 
influencing  the  way  the  histojica!  relationships 
have  been  extrapolated  for  the  various 
industrialized  nations  and  LDCs.  These  factors  do 
not  explain,  however,  why  the  extrapolated  lOU 
curves  are  linear,  why  they 'have  the  paaicular 
slopes  shown,  or  why  particular  Variations  exist 
among  the  industrialized  nations  or  among  the 
LDCs.  The  primary  explanatory  factors  cited  in  the 
1977  Malenbaum  Report  ai*fe: 

Mostly,  copper  use  has  been* affected  by  the 
substitution  potential  of  other  metals,  notably 
jduminum,  for  use  in  producer  durables,  construc- 
tion, motor  vehicles  and  especially  in  electrical 
transmission.  ...  For  the  most  part,  these  dis- 
placetpents  are  irreversible  in  a  given  installation. 

Prices  of  aluminum  and  plastics  have  bern 
adverselj^  affected  by  energy  and  especially  petro- 
leum costs.  ...  For  these  and  perhaps  other 
reasons  not  ye{  clear,  copper  use  seems  to  have 
stabilized. 

[Projected]  declines  [in  the  lOU  of  copper]  in 
rich  lands  are  moderate. 

There  is  as  yet  little  evidence  of  rapid  shifts 
away  from  copper  that  [would]  impede  the  grow- 
ing [lOU  of  copper]  of  poor  lands. 

The  explicit  af^ication  of  lOU  theory  in  devel- 
oping lOU  tables  is  even  less  clear  in  the  case  of 
sonk  other  metals  and  materials.  For  example,  in 
the  case  of  the  steel  lOU  table  presented  in  the 
1977  Malenbaum  Report,  the  projected  lOU  rela- 
tionships depart  sharply  from  historical  experience 
in  many  cases,  as  shown  in  Figure  22-3. 

As  in  the  case  of  copper,  several  factors  have 
been  cited  to  explain  the  way  the  historical  lOU 
relationships  for  iteel  have  been  extrapolated  for 
the  various  industrialized  nations  and  LDCs. 
However,  these  factors  do  not  explain  why  an 
abruptly  lowered  lOU  relationships  (with  rising 
per  capita  GDP)  as  estimated  for  China.  Nor  do 


•  This  represents  0  4  perLcnt  of  world  copper  consumption 
m  the  year  2000.  as  compared  to  0  3  percent  in  1973—but  a 
76  percent  increase  m  African  per  capjta  copper  consump< 
tion  over  the  period  1973-2000  (to  0  I  kg  per  person,  as 
compired  to  0.3  kg  per  person  as  a  world  average  m  the 
year  2000) 


they  explain  why  sudden  somewhat  less  abrupt 
downturns  were  estimata.i  for  the  U.S.S.R.,  and  ' 
"Other  Industrialized  Nations,"  in  sharp  contrast 
to  historical  experience  in  those  regions.  As  in  the  ' 
case  of  copper,  they  also  Jo  not  explain  why  the 
extrapolated  lOU  curves  are  linear,  why  they 
have  the  particular  slopes  showq,  or  why  particu-  ^ 
lar  v^ations  exist  among  the  industrialized  na- 
tions oramong  the  LDCs.  The  explanatory  factors 
cited  in  the  1977  Malenbaum  Report  are: 

Substitution  and  displacement  forces  have  .  .  . 
had  iin  important  [role  in  reducing  the  lOU  of  * 
steel  in  developed  nations],  probably  from  the 
early  1950s.  On  the  one  side  there  was  continuous 
technical  innovation  from  mining  ^^lomeration 
and  beneficiation  of  iron  ore)  through  processing 
(basic  oxygen  converters,  electric-arc  ifurnacei) 
and  final  goods  production  (alloying,  light  ste^l). 
On  the  other  side,  there  are  inroads  from  substi- 
tute materials,  notably  concrete,,  plastics  and  par- 
ticularly aluminum. 

These  technological  forces  are  expected  to  be 
present  but  with  less  weii^t  in  the  poor  nation 
world  than  in  today's  rich  lands.  While  open 
hearth  processes  have  become  of  much  smaller 
importance  everywhere  and  while  hydro  power 
and  low  capital  costs  encc»urage  electric-arc  and 
direct  reduction  processes  in  some  poor  nations, 
the  prospect  of  parallel  apfDiication  of  new  meth- 
ods remain  much  smaller  over  the  next  decade 
and  generation.  Alternative  products  are  less  com- 
petitive, steel  scrap  is  less  available,  iron  ore  is 
often  mined  directly:  such  considerations  weigh  in 
favor  of  a  lower  technological  horizon  in  many 
poor  nations  over  the  years  to  1985  and  2000. 
[lOU  relationships  are]  thus  projected  at  higher 
levels  in  the^  years. 

The  most  difTicult  case  for  the  application  of 
lOU  theory  is  in  the  development  of  TOU  tables 
for  aluminum.  Aluminum  is  the  one  major  com- 
modity whose  historical  10  U  relationships  do  not 
exhibit  the  inverted-U  pattern  found  for  other 
minerals  and  materials.  However,  in  accordance 
with  lOU  theory,  the  e:;tr,ipolated  lOU  relation- 
ships for  aluminum  in  the  r>77  Malenbaum  Report 
have  been  estimated  to  exhibit  significantly  lower 
slopes  than  historical  experience  alone  would 
suggest  (see  Figure  22-4). 

As  in  the  cases  of  copper  and  steel,  several 
factors  are  cited  to  explain  the  way  the  historical 
lOU  relationships  for  aluminum  have  been  extrap- 
olated for  the  various  industrialized  nations  and 
LDCs.  However,  there  is  no  explicit 'quantitative 
accounting  of  the  extent  to  which  the  higher 
energy  prices  mentioned  (t  hough  how  much  higher 
is  unspecified)  are  expected  to  affect  aluminum 
prices.  Nor  is  there  a  quantitative  accounting  of 
the  extent  to  which  higher  aluminum  prices  are 
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expected  to  moderate  consumption  leveb,  either 
through  abstinence,  improved  cfTicicncy  of  use,  or 
substitution  of  other  materials.  An  explicit  quanti- 
tativc  accounting  is  also  missing  with  regard  to 
the  extent  to  which  decreasing  lOU  values  for 
copper  and  steel  in  the  industrialized  nations  are 
more  property  explained  by  aluminum  substitution 
(which  could  account  for  the  increasing  lOU 
values  for  aluminum  in  the  industrialized  nations) 
rather  than  by  ihe  transition  of  industrialized 
nations  to  postindustrial  service  economies  (which 
is  a  basic  premise  of  lOU  theory).  These  more 
general  assumptions  are  not  discussed  in  detail  in 
the  1977  Malenbaum  Report,  although  the  follow- 
ing points,  among  others,  are  made: 

There  remains  an  impressive  and  still  widening 
technical  scope  for  further  displacement  by  alu- 
minum of  iron  ore,  nickel,  tin,  and  zinc  in  metal 
production,  and  of  steel  and  copper  metal  goods 


.  .  .  [especially  with  regard  to]  the  expanding  role 
of  aluminum  in  transmission.  Construction  and 
transportation  equipment  (automobiles  particu- 
larly) and  an  expanding  anay  of  consumer  goods 
have  become  greater  users  of  aluminum  in  most 
parts  of  the  world. 

The  rapid  growth  in  [the  intensity  of  use  of 
aluminum]  in  poor  lands  combines  a  high  income 
efTect  as  the  economies  develop  (or  at  least 
industrialize),  supplemented  by  what  is  generally 
a  positive  substitution  effect.  [However,]  ,  .  . 
there  is  as  yet  little  evidence  of  rapid  shifts  away 
from  copper  [in  the  less  developed  nations].  .  .  . 
The  copper  prospeci  and  especially  the  uncertain 
price  prospect  for  aluminum  over  the  next  dec- 
ades of  energy  shortage  are  consistent  with  [the 
extrapolation]. 

For  the  rich  world  negative  income  effects  are 
more  than  offset  by  substitution.  It  is  hard  to 
visualize  a  turning  point  for  [the  lOU  of 
aluminum]. 
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No  government  agency  is  uniquely  responsiUe 
for  developing  consistent  assumpt^ns  regarding 
future  rates  of  technological  change  for  use  in 
official  forecasts.  The  'DflBce  of  Science  and  Tech- 
nology Policy  and  the  Office  of  Technology  As- 
sessment are  responsible  for  advising  the  Presi- 
dent and  the  Congress,  respectively,  on  particular 
aspects  of  technology  and  for  assessing  probable 
social  and  economic  impacts.  No  federal  agency 
routinely  assists  other  iigencies  in  preparing  con- 
sistent assumptions  about  future  rates  for  techno- 
logical change  to  be  used  in  official  quantitative 
projections.  As  a  result,  the  agencies  contributing 
to  the  present  study  nriade  their  own  assi  'otions 
regarding  rates  of  technological  change,  as  neces- 
sary, when  they  developed  their  prelections. 

While  each  agency  has  made  technological 
assumptions  over  the  years  in  forecasting  o-.her 
variables  of  interest,  ihere  is  no  well-delineated 
history  of  technoiogic:al  forecasting,  nor  is  any 
well-established  methodology  in  widespread  use. 
Several  methodologies,  of  course,  are  in  use  by 
federal  agencies  for  projecting  rates  of  technologi- 
cal change,  based  on  rates  of  public  and  pri«rate 
expenditure  for  research  and  development,  past 
ratcs^of  technological  change,  and  other  factors, 
but  because  such  projections  do  not  make  use  of 
a  consistent  set  of  assumptions,  their  methodolo- 
gies cannot  be  used  collectivelv  to  evaluate  the 
relative  impact  of  different  levels  of  public  and 
private  investment  in  research  and  development. 

Key  Analytic  Methodologies 

Four  basic  methods  of  determining  the  direc- 
tions and  rates  of  the  development  and  adoption 
of  technology  were  used  by  the  agencies  contrib- 
uting to  the  Global  2000  Study:  implicit  and 
explicit  endogenous  calculations  and  implicit  and 
explicit  exogenous  calculations. 

Implicit  Endogenous  Calculations 

Almost  all  Global  IMXX)  Study  prelections  are 
based  to  a  considerable'  extent  on  historic  relation- 
ships  (e.g.,  in  the  fonn  of  regression  equations), 
which  implicity  incorporate  historic  rates  of  tech- 


nological change.  In  projecting  the  future  based 
on  a  continuation  of  these  historic  relationships, 
the  agencies  implicitly  assume  that  technological 
change  will  continue  to  contribute  to  the  correla- 
'  tion  of  variables  in  the  future  as  it  has  in  the  past. 
Four  explicit  quantitative  methodologies  used  in 
developing  the  Global  2000  Study  projections 
mnke  particularly  extensive  use  of  historic  rela- 
tionships: the  SIMUNK  (SIMulated  trade  LINK- 
agei)  RKxlel  in  the  GNP  projections;  the  lEES 
(Intemationzl  Energy  Evaluation  System)  model 
in  the  energy  projections;  the  GOL  (grain,  oilseed, 
livestocic)  model  in  the  food  and  agricultural 
projections;  and  the  regression  equations  used  by 
the  Bureau  of  Mines  in  the  nonfuel  minerals 
projections.  The  projection  of  historic  rates  of 
teohnolpgical  change  is  also  implicit  in  the  less 
systematic  procedures,  for  example,  those  used  to 
develop  the  environmental  projections. 

An  example  of  how  a  more  systematically 
specified  model  makes  implicit  endogenous  calcu- 
lations of  rates  of  technological  change  is  provided 
by  the  way  the  GNP  projections  nncorporate 
assumptions  regarding  the  productivity  of  new 
capital  investment — assumptions  th^it  implicitly 
incorporate  factors  related  to  technological 
change.  Within  SIMLINK,  the  mc4ei  used  to 
develop  the  GNF  projections,  linear  (.^uations  are 
used  to  relate  new  gross  investment  to  total  GDP 
for  each  LDC  group.  A  variable  incremental 
capital  output  ratio  (as  if  new  investment  were 
related  to  incremental  GDP  instead  of  total  GDP) 
can  be  inferred  from  the  model's  results.  Such  an 
incremental  capital  output  ratio  pn>vides  a  meas- 
ure of  the  implied  assumptions  regarding  chcnges 
in  the  productivity  of  investment  capital  associ- 
ated with  ojie  unit  of  additional  GDP.  These 
changesare  due  to  many  factors,  including,  im- 
plicitly, p^ected  rates  of  technological  chai\ges. 

For  almost  all  LDC  groups,  the  incremental 
capital  output  ratio  is  projected  to  decline  any- 
where from  roughly  5  to  40  percent  over  the  1977- 
85  period,  indicating  mjyor  increases  in  the  pro- 
ductivity ^f  investment  capital.  For  example,  the 
GNP  projections  assume  that,  in  the  case  of  the 
**Other  South  Asian  LDC"  group  (with  an  incre- 
mental capital  output  ratio  declining  from  roughly 
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4.1  to  2.S).  a  given  investment  can  be  thought  of 
as  producing  60  percent  rnore  incremental  GDP  in 
I98S  than  in  1977  (in  constant  dollars). 

ExplicU  Endogenoufi  Calcinations  • 

Some  projections  make  use  of  explicitly  speci* 
fled  cost  factors,  in  conjunction  with  explicitly 
specified  maximum  market  penetration  rates.  The 
lEES  energy  model,  in  particular,  makes  exten- 
sive use  of  endogenous  calculations  involving  the 
development  anj^  deployment  of  various  eneiigy 
technologies  not  currently  in  widespread  use.  For 
example,  with  the  lEES  model,  the  deployment 
rate  for  technologies  capable  of  producing  syn- 
thetic gas  from  coal  is  explicitly  modeled  endoge- 
nously. 

First,  a  maximum  level  of  deployment  is  speci- 
fied exogenously  for  each  year  for*  which  a 
projection  :s  developed.  For  1985,  this  maximum 
level  is  twice  the  19^/5  p7x>duct*on  level  and,  for 
1990,  three  times  the  1975  production  level  in  the 
case  of  coal  and  gasification  technologies. 

Then  the  model  calculates  endogenously  the 
economic  competitiveness  of  this  synthetic  gas  in 
relation  to  alternative  fuels  in  each  region  repre- 
sented in  the  model. 

Those  electrical  generation  plants  represented 
in  the  model  that  can  bum  synthetk:  gas^jcan  also 
use  natural  gas  and  sometimes  other  fw^s.  The 
model  projects  them  to  use  the  fuel  that  adds  thr 
least  cost  to  tlie  global  energy  production  system. 
This  is  only  rarely  coal*derived  gas  because  of  the 
efficiency  losses  and  extra  transportation  involved 
in  the  process.  Demand  for  the  gas  from  other 
sectors  cannot  always  be  satisfied  with  other 
fuels,  but  it  is  likely  to  be  small,  though  growing. 
As  a  result,  the  deployment  of  synthetic  gas 
technologies  rai^ly  reaches  the  maximum  levels 
specified. 

Implicit  Exogenous  Caicuiattons 

All  the  methodologies  used  in  devek)ping  the 
Global  2iX0  Study  projections  make  extensive  use 
of  judgmental  adjustments  to  infonnation  ei.vered 
into  the  model.  Often  these  adjustments  implicitly 
incorporate  projections  of  future  rates  of  techno- 
logical change.  For  example,  the  population  pro* 
jections .incorporate  input  da^a  (mortality  and 
fertility  assumptions)  based  on  demographers*  ex- 
pectations regarding  Ihe  development  and  deploy- 
ment of  medkal  and  birth  control  technologies. 
These  assumptions  are  then  reflected  numerically 
in  the  mode'*s  calculation  procedures. 

In  the  case  of  the  Census  Bureau's  population 
projections,  for  example,  these  projected  fertility 
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rates  are  based  on  the  assumption  that  the  LDCs 
wiji  continue  to  make  moderate  progress  in  social 
and  economic  development  during  the  1975-2000 
period.  As  the  LDCs  progress  in  social  and 
economk:  development,  the  fertility  level  is  ex- 
pected to  decline  more  o*  less  continuously  but 
with  some  temporary  platea  js.  This  decline  is  due 
to  many  fiictors,  including  the  increasingly  wide- 
spread (kployment  of  birth  control  technologies, 
as  methods  of  family  limitation  become  better 
known  and  are  accepted  by  couples  wishirig  to 
reduce  their  fertility. 

As  a  result  of  these  implicit  assumptions  involv- 
ing tne  rates  at  which  tiK:hnological  change  is 
adopted  over  the  1975-20(0  period,  fertility  rates 
in  Bangladesh  are  projected  to  decline  39  percent. 
In  Mexico,  the  projected  decline  is  37  percent 
over  the  same  period  and  in  the  People's  Republic 
of  China,  38  percent.  Projected  fertility  declines 
are  generally  even  greater  in  the  case  of  the 
projections  made  by  the  Community  and  Family 
Study  Center  of  the  Univer«»ity  of  Chicago. 


ExpIkH  Exogenous  Calculations 

A  few  projections  make  use  of  exogenous  time- 
trend  variables  lo  capture  explicitly  the  impact  of 
technologkal  change.  Coefficients  for  these  varia- 
bles are  generally  derived  from  the  statistical 
measurement  of  historical  data,  although  they  are 
also  subject  to  meyor  judgmental  adjustment.  The 
(jOL  model,  in  particiilar,  makes  extensive  use  of 
this  approach  to  explicitly  modeling  technological 
change  in  making  the  food  |>rojections. 

Unexplained  variations  in  historic  yields  from 
those  implied  by  the  modePs  regression  equations 
are  assumed  to  be  attributable  to  technological 
change  rei^uxiing  both  the  development  and  de- 
ployment of  the  technologies.  These  historically 
derived  rates  then  serve  as  the  basis  for  projecting 
future  change.  To  project  future  technological 
change,  analysts  enter  coefficients  for  time-de- 
pendent variables  into  the  model's  yield  equa- 
tions. M^jor  adjustments  to  the  historically  re- 
gressed coefficients  are  made  by  expert  analysts 
to  ensure  that  the  model  produces  results  that 
they  consider  reasonable. 

In  the  case  of  wheat  pnxluction  in  low-income 
North  Africa  and  the  Middle  East,  for  example,  a 
coefficient  is  applied  to  a  lime-trend  variable  to 
project  growth  in  wheat  production  due  to  th^ 
combined  influence  of  treiid  growth  and  tcchno- 
k)gical  growth.  Over  50  pc^rcent  of  the  growth  in 
wheat  production  in  this  region  over  the  1970-45 
period  is  due  to  this  factor,  and  an  even  larger 
percentage  over  the  I985-7000  period. 
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Basic  Principles 

Although  many  difTerent  methods  are  used  by 
the  agencies  in  developing  their  technological 
assumptions,  a  few  generalizations  can  be  made 
about  philosophical  approach. 

In  general,  the  agencies  assume  a  continuation 
of  past  technological  trends  with  no  surprise 
developments.  For  example,  the  rapid  rates  of 
change  associated  with  the  Green  Revolution  of 
the  1960s  arc  projected  to  continue  unabated  to 
the  year  2000,  None  of  the  projections  assumes 
that  any  technologies  not  now  conceived  will  be 
F.vailaWe  and  in  widespread  use  by  2000.  All  the 
projections  assume  that  currently  acceptable  tech- 
nologies will  continue  to  be  acceptable  in  2000 
(e.g.,  birth  control  pills  will  not  be  found  tO^ cause 
cancer,  nor  will  insects  develop  further  immunities 
to  pesticides). 

The  many  factors  that  directly  influence  the 
rate  at  which  technological  change  and  its  con- 
comitant effects  take  place  are  usually  not  given 
explicit  consideration.  For  example,  the  various 
resource,  environmental,  economic,  social,  and 
institutional  conditions  necessary  for  the  develop- 
ment and  widespread  deployment  of  mayor  tech- 
noiogicai  chan^  are  rarely  explicitly  analyzed. 
Instead,  the  projections  simply  assume,  implicitly, 
tteit  these  conditions  will  not  represent  a  future 
barrier  to  a  continuation  of  past  rates  of  change. 
Similarly,  the  resource,  environmental,  economic, 
and  social  consequences  of  developing  and  de- 
ploying emerging  technologies  are  also  rarely 
explicitly  analyzed.  However,  ^most  projections 
implicitly  assume  that  the  impact  of  technological 
change  on  whatever  variables  are  represented  in 
the  projection  models  will  be  similar  to  such 
impacts  in  the  past. 


Basic  Components 

The  procedures  used  t9  choose  the  indicators 
and  variables  representing  technological  change 
are  not  consistent.  In  the  case  of  the  more  explicit 
quantitative  methodologies,  the  procedures  cho- 
sen tend  to  focus  on  variables  of  traditional 
interest  rather  than  on  variables  likely  to  be  of 
concern  in  the  fixture.  For  exam^e,  in  developing  \ 
the  food  projections,  the  technological  variables 
chosen  primarily  focus  on  yield  per  acre  (and  do 
not  address  technological  indicators  related  to  the 
energy  and  water  required  per  unit  of  production). 
In  contrast,  the  nonquantitative  projections  were 
able  to  take  into  account  more  recently  proposed 
measures  of  technological  prog^ss. 

The  geographic  focus  of  the  technological  pro- 
jections varies  with  the  particular  projection.  Most 
of  the  mathematical  projections  (energy,  food, 
population,  GNP,  and  nonfuel  minerals)  adjust 
their  measures  of  technological  progress  for  each 
geographic  region  considered.  However,  the 
model  used  in  the  Global  2000  Study  to  make 
global  projections  of  the  residuals  and  pollutants 
associated  with  eneigy  conversion  processes  as- 
sumes the  complete  adoption  of  U.S.  new-source 
emission-standards  uniformly  throughout  the 
world  by  1985. 


Documentation  and  Validation 

No  published  documentatioa  of  the  methods 
used  by  the  agencies  to  project  rates  of  techn^og- 
ical  change  is  currently  available.  No  formal 
validity  tests  of  the  technological  projections  have 
been  made  by  the  agencies. 
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24  Introduction 


The  Global  2000  ^nlUy  utilizes  the  following 
standard  institutional  nneans  of  problem-solving.  A 
policjrmaker  needing  information  gives  a  question 
toan  analyst  (referred  to  as  the  primary  analyst). 
TIk  question  is.  either  too  large  for  the  primary 
analyst  to  answer  personally,  or  else  the  analyst 
feels  that  it  would  be  politic  to  involve  other 
analysts  in  whose  ji^sdictions  parts  of  the  ques- 
tion fell.  The  question  is  therefore  divided  into 
subquestions  tailored  to  fit  the  bureaucratic  fi*ame- 
work.  These  are  handed  over  to  secondary  ana- 
lysts in  various  bureaus  whose  fields  are  appropri- 
ate to  the  subquestions.  Some  ground  rules  are 
set  fofth  to  avoid  inconsistencies.  If  the  primary 
analyst  is  worried  about  consistency,  he  may 
provide  opportum'ties  and  incentives  for  the  sec- 
ondary analysts  to  receive  input  from  each  other's 
analyses.  However,  the  secondary  analysts  are 
not  likely  to  be  enthusiastic  about  incorporating 
inputs  torn  other  secondary  analysts  into  their 
<Twn  analyses,  so  the  gain  in  consistency  is  often 
mininrud. 

When  the  secondary  analysts  have  completed 
their  work,  they  deliver  their  results  to  the  pri- 
nuuy  analyst,  who  then  pieces  together  the  re- 
sponses to  subquestkms.  In  the  process,  he  will 
have  to  edit  out  much  of '  hat  has  been  saki,  fdl 
in  things  that  have  not  been  said,  and  stretch 
meanings  here  and  there  so  as  to  bring  the 
subanalyses  into  a  cojent  whde. 

This  an>roach  works  reasonably  well  for  nor- 
mal, short-term  problem-solving  and  gives  the 
ovcrbusy  polk:ymaker  a  reasonably  concise  anal- 
ysis Teased  on  a  broad  spectrum  of  infomiation. 
However,  it  has  two  serious  shortcomings  for 
'long-temi  analysis. 

First,  over  the  long  term,  the  relationships 
between  subquestions  become  increasingly  impor- 
tant' to  the  uhole  question.  For  example,  the 
linkage  between  energy  questk)ns  and  economic 
questions  is  critically  important  to  agriculture, 
(because  of  increased  input  prices  and,  if  econ- 
omies are  adversely  affected,  reduced  demand  for 
agricultural  products)  and  environment  (inf!atk)n 
ifi  the  commercial  system  causes  the  world's  poor 
rural  communities  to  lean  more  heavily  on  their 
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natural  environment  for  fulfillment  of  basic  needs, 
resulting  in  increased  grazing  and  firewood  gath- 
ering and  more  overall  pressure  on  the  land) 
Environmental  degradation  caused  by  economic 
and  population  pressures  have  serious  conse- 
quences for  agriculture  and  water  availability. 
Food  shortages  and  environmental  degradatk)n 
have  significant  effects  on  human  health,  and  thus 
on  populatk>n  dynamics.  By  the  year  2000  this 
crisscrossing  of  influences  may  have  put  the  gk)be 
into  a  state  quite  different  fix>m  that  predicted  by 
the  sepaiate  answers  to  suhqi^estk)ns  on  popula- 
tion, GNP,  enetgy,  agricuUvre,  water,  and  envi- 
ronment. After  2000,  the  effect  will  be  even  more 
profound. 

Second,  piecemeal  bureaucratk:  analysis  tends 
to  understate  diffk:ult  but  critk:al  questk)ns — such 
as  technok>gical  change,  attitude  shifts,  and  insti- 
tutional change — that  do  not  fall  into  someone's 
tidy  jurisdiction  but  affect  the  outcomes  of  alt 
secondary  analyses.  The  primary  analyst  tries  to 
fill  in  the  gaps  as  best  he  can  but  seldom  has  time 
to  do  a  thorough  job  and  is  likely  to  understate 
the  importance  of  the  intangibles.  In  the  long- 
term,  these  factors  will  be  critk^al.  If  in  the  next 
decade  the  nations  of  the  worid  make  a  commit- 
ment to  decentralized  renewable  eneigy  supply 
systems,  we  or  our  descendents  will  live  in  quite 
a  different  world  zO  or  100  years  hence.  Which 
way  the  energy  system  goes  will  be  determined 
by  public  opinion  and  technok)gkal  and  institu- 
tional fetors  that  the  Global  2000  Study  has  not 
been  able,  for  the  reasons  given  above,  to  incor- 
porate into  its  analyiNs  in  a  consistent  and  inte- 
grated fashion. 

One  way  of  circumventing  these  shortcomings 
is  to  supplement  the  piecemeal,  subquestion  anal- 
yses with  an  integrated  analysts,  performed  by  a 
single  analytic  group  using  appropriate  inputs  fit)m 
related  analytic  groups.  There  are  obvious  dangers 
in  thizk  approach.  If  used  as  a  primary  mode  of 
analysis,  it  would  concentrate  politkal  power  by 
giving  the  integrated  analysis  group  a  direct  line 
to  the  polkymaker,  while  making  it  only  margin- 
ally answerable  to  outside  analyses.  However,  the 
need  for  integrated  analysis  in  long-term  planning 
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does  justify  the  experimental  use  of  such  an 
approach.  It  may  err  due  to  deficiencies  in  ana- 
lytic methodology  or  to  the  analysts*  personal 
biases.  But  the  system  of  divided  analysis  is 
almost  certain  to  err  due  to  its  neglect  of  system 
linkages.  Moreover,  it  too  will  be  subject  to  the 
biases  of  the  primary  analyst's  personal  judgment.  ' 

The  next 'five  chapters  will  be#  devoted  to  long- 
term  global  models  ihat  look  at  the  woHd  on  an 
integrated  basis.  The  models  represent  a  variety 
of  analytic  approact^s  for  making  integrated  fore- 
casts  and  serve  as  case  studies  to  highlight  some 
of  the  prpblems  encounterec^  in  managing  inte- 
grated forecasting  groups.  The  case  study  an^yses 
will  be  followed  by  cross-section  analyses  of  what 
the  models*  reveal  about  trends*  in  population, 
resources,  and  the  enviromrient  to  the  year  2000. 
The  discussion  will  be  prefaced  by  a  review  of 
ecological  concepts,  because  ecology  is  the  sci- 
ence that  deals  with  the  relationships  among 
populations,  resources,  and  environments.  (It  is 
assumed  that  most  readers  are  already  familiar 
with  the  economic  concepts  introduced  into^the 
discussion.)  Some  of  the  ecological  concepts  will 
be  manifested  in  Ihe  models  to  be  analyzed. 
Others  will  be  conspicuous  by  their  absence,  and 
their  absence  should  be  considered  as  a  significant 
deficie'^^y  in  the  integrated  models. 


Carrying  Capacity 

If  a  population  require sje sources  in  proportion 
to  its  numbers,  and  if  resources  are  limited,  then 
the  population  cannot  grow  beyond  the  size  estab- 
lished by  the  resource  limit.  Economists  refer  to 
this  ^'carrying  capacity"  as  Malthusian  logic; 
biologists  think  of  it  as  commonsense.  Population 
biologists  have  developed  the  concept  in  many 
directions  and  subjected  it  to  empirical  and  exper- 
imental testing.  The  basic  theory  has  been  ex- 
tended to  include  cases  with  more  thaa  one 
resource,  with  different  sorts  of  resources,  and 
more  than  one  population — competition  models 
and  predator-prey  models  being  common  in- 
stances of  multiple  population  forms. 

In  simplified  terms,  the  insights  shed  on  the 
question  of  populatioHy  resources,  and  environ- 
ment by  the  carrying  capacity  concept  are  as 
follows. 

First,  three  basic  patterns  of  population  growth 
can  evolve  in  populations  operating  within  the 
confines  of  a  finite  carrying  capacity:  stabilization  * 
at  or  below  the  carrying  capacity;  oscillation 
around  or  below  capacity:  and  overshooting  the 
capacity,  w^^ich  is  followed  by  extinction  or 


incomplete  recovery.  Stabilization  is  likely  when 
the  resource  is  self-renewing  and  the  population  is 
kept  in  check  by  predation,  parasitism,  or  species 
behaviors  tljat  limit  reproduction,  such  as  territo- 
riality. Oscillation  results  whenMhe  dynamics  of 
interdependent  populations — particulariy  predator- 
prey  systems — put  them  out  of  phase  with  one 
another.  When  predators  overexploit  thefr  prey, 
they  bring  on  the  demise  of  their  own  populations 
and  create  an  opportunity  for  thi  prey  to  recover 
its  numbers  and  restart  the  cycle.  Human  interfer- 
ence commonly  disrupts  the  checks  and  balances 
that^^ntrol  such  interdependent  populations.  Prey 
whose  pr^dator^i  have  been  eliminated  by  man 
conunonly  increase  to  the  point  where  they  be- 
come pests  in  managed  ecosystems  (e.g.,  erup- 
tions of  insect  populations  in  agiicultural  crops)  or 
to  the  point  where  they  overexploit  the  environ- 
ment that  supports  ^hem  aftd  starve  in  great 
numbers  (e.g.,  grazing  mammals  when  lai^e  tar- 
nivores  are  exterminated).  In  the  latter  situation, 
oscillations  are  converted  to  overshoot  and  col- 
lapse. The  overshoot  mode  will  also  be  observed 
when  a  population  depends  on  a  resource  that 
cannot  be  replenished---as  in  the  bloom  and  bust 
of  a  test-tube  yeast  cllture. 

Second'  many  popjlations  sffcSmit^  by  multi- 
ple r^urce  constraints.  For  plants,  light,  water, 
ai}d  aiiumber  of  soil  nutrients  are  limiting.  Often 
one  r^purce  is  .much  more  limiting  than  another 
(in  desert  environments  it  is  usually  water).  The 
availability  of  this  most  limiting  resource  will 
detennine  the  system's  carrying  capacity.  Should 
the  mosT  limiting  resources' become  suddenly 
available,  as  when  phosphorus  is  made  available 
to  fresh  water  algae  cultures,  the  population^  will 
grow  until  it  encounters  some  other  resource 
limitation.  In  the  process,  it  may  seriously  disrupt 
other  populations  that  share  its  local  environ- 
ment— a'^  happens  in  the  case  of  an  algal  bloom 
produced  by  phosphorus  infusion  into  a  phospho- 
rus-limited fiesh  water  system. 

Simple  mathematical  m^els  of  population  dy- 
namics based  on  carrying  capacity  concepts  have 
been  around  since  the  1950s.  These  are  as  familiar 
to  the  ecologist  a§  supply-demand  curves  rxe  to 
the  economist.  Many  ecologists  will  put  human 
population  into  a  carrying  capacity  model  just  as 
readily  as  they  will  any  other  specie  and,  at  least 
in  conversation,  many  will  express  Mhe  opinion 
that  we  are  in  danger  of  exceeding  the  global 
carrying  capacity  for  our  species. 

Carrying  capacity  concepts  will  show  up  in  all 
models  discussed  in  the  next  five  chapters,  except 
the  U.N.  world  model,  and  will  be  responsible  for 
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virtiially  aU  oflhe  pessimistic  outcomes  generated 
by  thefunlodel  set.  In  two  caae»-.4he'Latin.Ameri- 
can  ivdUioode;  .a^  MOIRA  (model  (rf  intema- 
t|oiia£  miitioiis  in  agriculture)— canyiog  capacity 
wiU  be  reduced  to  a  curve  showing  diminishiiv 
relum#'  to  tnvestm^  and  labor  in  the  agricultural 
^^Gtbr^WorU  2  and  Worid  3  and  the  Mesaiovic- 
Pestel  ^^carid  model  have  much  more  complex 
foimulatioQs  of  the  concept,  inchiding  interdepen- 
«dent  pop(i|atioii»  (human  and  machine),  multiple 
ji^nitrtin^  (particularly  the  World  2  and  ^ 
,  iqodelD;  the  ftmction  of  interregional  trade  in 
allowing  Papons  to  extend  their  local  carrying 
capadties  (Mesarovic-Festel  only). 

^  Stability  and  Diversity 

In  ec^Dgy  the  relationship  between  stability 
\an8  diversity  tends  tq  generate  a  {Mod^shical 
argumeht-^coe  that  can  go  in  many  directions 
depending  on  how  oiie.  defines  stabtUty  and  diver- 
sity. Both  teraft  .^\elusive»  but  there  is  some 
consensus  ainong  ^^Mogists  that  genetic  simplffi- 
cation*,  either  thix^  reduction  of  the  number  of 
species  in  a  conmuimty  or  through  reduction  of 
'  the  genetic  diver^ty  iftf  aommlation,  is  prite  to 
make  the  community  le&s^^^taMe.  Extended\his 
,  of  reaaooing  leads  to  some  of  the  prevaSnt 
"ecological  nightmares.  It  giye$  theoretical  credibil- 
ity ip  the^fear  of  a  crop  plague  decimating  the 
'  genetically  simrUfied  stands  erf  high*yielding  vari- 
ety g)rains  that  siqiport  an  increasing  fraction  of 
the  Wf^'s  |K>i0blf^  weU«s  to  the  fear  that 
a  Virulefrt,  drug-resistent  disease  will  develop  and 
take  hepvy  tolls  in  human  K^s.  On  a  less 
dramatic  level,  the  stability-diveHity  relationship 
suggests  that  the  diffkutty  of  Controlling  insects 
and  other  crop  pests  is  likely  to  increase  as 
cultivation  practices  become  more  intensive,  ex- 
tensive, and  standardize^  throufHout  the  world. 
Thus,  the  reduction  of  crojp  losses  anticipated  in 
many  analyses,  including  the  Latin  American 
world  model  and  MOIRA  may  never  mature. 

The  potential  'effects  of  simplifk:ation  of  biolog- 
ical systems,  on  long-term  interrelationships  be- 
tween population,  rei^urces,  and  environment 
have  been  excluded  from  all  gtobal  models  nnfjitr 
consideration  and  are  either  extremely  rare  or 
completely  absent  in  regnal  models  as  well.  The 
barrier  to  inchision  appears  to  be  representational, 
combined  with  kbsence  of  data.  The  absence  of 
operational  definitions  and  precise  conceptualiza- 
tion of  how  the  systcym  is  influenced  by  genetic 


simplification  make  it  Impossible  to  buikl  a  credi- 
ble modd  of  the  effects  of  bk>k)gical  simplifica- 
tk>n.  Thiis  quantitative  models  take  no  account  of 
the  problem.  Rather,  biological  simpUBcation  nuui- 
ifests  itself  as  an  ill-defined  fear,  which  mskts  the 
matter  hard  to  deal  with  in  a  rational4^hion. 

Ecokiglcal  Buffiering  ^ 

Ck>sely  related  to  the  concept  of  stability  and 
diversity  is  the  notion  of  ecologk:^  buffering— 
basically  a  notion  that  living  growing  things,  as 
w(ll  as  dead  ofgamc  nuOter,  cusUon  the  interfoce 
between  the  air  and  the  geologic  surbce  of  the 
earth.  Plants  hoM  soil  in  pbce  and  protect  it  fitmi 
the  iropM:t  of  foiling  ratn^^&Ml  absoibs  rain  and 
prevents  it  fi^om  running  <^  in  a  great  flood. 
Living  things  bind  up  nutrients,  which  will  reduce 
the  environment's  carrying  capacity  if  they  are 
not  present  in  suflEk:ient  quantities  and  prevent 
thenn  from  being  leached  out  by  rain  or  fixMn 
seeping  down  and  forming  a  hard  pan  bek>w  the 
upper  layers  of  soil  surface.  In  general,  the 
buflfering  role  of  biok)gk:al  matter  is  thought  to  be 
more  critical  i^  wanner  climates  where  chemkal 
reactions  and  decomposition  of  oiyanic  matter 
(i.e.,  reduction  of  the  sponge-like  nature  of  soil  to 
pure  clay,  silt,  or  sand)  are  more  rapid. 

While  the  partxnilars  are  complex,  as  a  general 
rule  simpiificatkm  of  an  ecok)gk:al  system  tends 
to  reduce  its  capacity  as  &n  ecologfeal  buffer. 
Thus,  oyenpazing,  overcutting  of  timber,  and 
various  forms  of  overcultivation  play  havoc  with 
ecok>gical  systems' and  greatly  reduce  their  ability 
to  support  life. 

In  principle,  the  maintenance  and  destruction  of 
ecological  bikers  is  fairiy  straightforw^  and 
couW  be  easily  modeled.  In  practice,  hqwever, 
modelers  experience  great  difficulty  in  doing  tim<''-^ 
The  way  an  ecokigical  buffering  system  work/is 
often  site-specific.  For  any  given  location  there 
are  often  critkal  points  beyond  which  a  system 
cannot  be  simplified  without  extensive  and  possi- 
bly irreversible  danmge.  Tne  location  of  critfcal 
points  varies  according  to  factors  of  climate  and 
geography.  A  region  of  steep  stones  in  the  humid 
tropics  is  apt  to  be  much  more  susceptible  to 
damage  via  disruption  of  its  buffers  than  a  temper- 
ate-zone flatland  region.  Thus  it  is  difficult  to 
come  up  with  a  global  or  laige-region  representa- 
tion of  the  ecologkal  buffering  problem.  Of  the 
models  to  be  examined,  only  World  3  attempts  to 
capture  the  dynamics  of  ecological  buffering. 
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25  Worlds  2  and  3 


Man  has  skyrocketed  from  a  defensive  position, 
laiyely  tubofxlmated  to  Nature*s  alternatives,  to 
a' new  and  dominant  one.  From/t,  he  not  only 
can  and  does  influence  everything  else  in  the 
worid  but,  vohmtarjly  or  unwittingly*  can  and 
indeed  does  determine  the  ahenmtives  of  his 
own  ftiture--«nd  ultimately  muft  choose  his 
opCaoQs  fiir  it.  In  other  words,  his  novel  power 
conditkM  practkally  compels  him  to  take  up 
new  regulatory  Amctkxis  that  wiliy-nilly  he  has 
had  to  dischafge  with  respect  to  the  world's 
mixed  natural-hunum  systems.  Having  penc* 
trated  a  number  of  the  erstwhile  mysteries  and 
being  able  to  sway  events  massively,  lie  is  now 
vested  with  unprecedented,  tremendous  respon- 
sibiUties  and  thrown  into  the  new  role  of  moder- 
aior  of  lift  on  ihe  planet-4ncluding  his  own  Itfe. 


The  above  words*  were  written  by  Aurelio 
Peccei,  who  commissioned  the  models  knowii  as 
Worlds  2  and  3.  He  describes  his  own  state  of 
mind  previous  to  the  time  at  which  he  commis- 
sioned those  nxxiels  as  "perplexed,  and  worried 
by  the  orderless,  torrential  character  of  this 
cqxtous  human  progress."  Perceiving  the  wc 
problems  as  hi^y  interconnected  and  giobai  m 
nature,  he  was  convuiced  that  something  funda- 
mental should  be  done  before  it  was  too  late.^ 
Though  he  found  no  difficulty  finding  people  to 
agree  with  Mm  that  there  was  a  problem,  he  found 
it  difBcuh  to  translau  that  agreement  into  action. 
In  order  to  push  ahead  to  actual  programs,  he 
founded  the  Chib  of  Rome,  a  loose  association  of 
businessmen,  intellectuals,  and  nonelected  govern- 
mr&it  officials  fiom  many  countries.  The  Club  was 
conceived  not  as  a  debating  society  but  aK^ 
action-oriented  organization  with  two  main  objec- 
tives: (1)  ''to  promote  and  disseminate  a  more 
secure  tn^lepth  understanding  of  mankind's  pre- 
dicament" and  (2)  "to  stimulate  the  adoption  of 
new  attttudfs,  poticies  and  institutions  capable  of 
redressing  the  present  situation."^ 

Jay  Forrester,  the  developer  of  the  system 
dynamics  method  of  computer  simulation,  was 
invited  to  a  Qub  of  Rome  meetingjn  June  1970. 
He  pointed  out  some  of  the  interactions  he  saw 
amoQg  problems  of  interest  to  Peccei— problems 


such  as  rapid  population  growth,  u.x>urce  deple- 
tion, pollution,  and  hunger-^and  explained  how 
the  system  dynamics  method  could  help  sort  o^t 
and  clarify  these  problems.  To  demonsuute,  he 
constructed  during  the  following  mofith  a  small 
model  called  World  1,  linking  five  b^^t 
variables--population,  capital,  resources,  pollu- 
tion, and  food.  He  presented  Worid  1  to  the  Club, 
one  of  whose  nriembers,  Eduard  Festel,  subse- 
quently an^jKd  for  the  Volkswagen  Foundation 
to  fund  etaroration  of  the  model.  Forrester  com* 
pleted  and  published  Worid  2,^  a  more  polished 
version^.of  the  first  simple  nKxlel,  and  simultane- 
ously assembled  an  international  team  of  research- 
ers under  the  directim  of  Dennis  Meadows  to 
make  a  still  more  detailed  and  careftiUy  quantified 
version.  This  final  version,  called  Worid  3,  took  a 
year  to  construct  and  was  the  basis  ^  the  book 
The  Limits  to  Growth  J 

Ptoccei  and  other  members  of  the  CluM|;f  Rome 
looked  on  computer  simulation  models  Worid  2 
and  Worid  3  as  nieans  to  their  ends.  It  was  hc^ied 
that  by  niaking  the  human  predicament  quantita- 
tive and  clear,  the  models  wouM  wake  people  up 
and  set  them  to  looking  for  solutions.  As  Peccci 
put  it,  "We  wanted  to  start  a  worid-wide  debate 
as  soon  as  possible.*'^ 

Modelers  have  motives  as  often  as  model 
conunissioners,  and  Forrester  probably  had«^ 
interest  in  promoting  the  system  dynamics  medi- 
*  odology,  whkh  he  strongly  believes  is  a  useftil 
tool  for  understanding  complex,  interrelated  ]»x)b- 
lems  of  the  sort  that  concerned  the  Chib  of  Rome. 

The  members  of  the  Meadows  team,  which 
produced  The  Limits  to  Growth,  probably  had 
less  well-defined  aspirations.  They  were  relatively 
young  (average  age  below  30)  and  for  the  most 
part  at  the  start  of  their  careers.  Meadows  and  his 
wife  had  just  returned  from  a  year  in  Asia,  during 
v/hich  they  had  become  concerned  about  prob- 
lems of  development  and  the  environment,  and 
were  eager  to  expk>re  the  causes  and  possible 
cures  of  such  problems.  Most  of  the  team  mem- 
bers were  formally  trained  in  science,  engineering 
or  systcjm  dynamics,  rather  than  the  social  sci- 
ences. \ 

'    V  <  V 
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OTHER  GLOBAL  MODELS 


The  Models  and  Their  Limitatkms 

Worlds  2  and  3  aic  models  of  the  long-term 
relationships  between  population,  resources,  and 
environment.  They  outline  the  general  patterns  of 
causation  by  which  these  three  factors  interact 
and  feed  back  on  one  another.  Worlds  2  and  3  are 
the  only  models  considered  in  the  Global  2000 
Study  that  include  the  study's  three  maior  focal 
variables  on  an  equal  footing.  The  other  models 
considered  either  omit  environmental  factors  or 
give  them  only  cursory  treatment.  Two  of  the 
models— the  U.N,  world  model  and  MOIRA 
(model  of  international  relations  in  agriculture) — 
include  population  only  as  an  exogenous  variable, 
and  two— 4he  Latin  American  world  model  and 
MOIRA — take  no  account  ot  the  depletion  of 
mineral  resources  and  fossil  fuels. 

WorWs  2  and  3  do  have  limitations,  despite  the 
appropriateness  of  their  focus.  They  are  general, 
strategy-oriented  models  and  make  no  attvnript  to 
develop  specific,  detailed  analyses.  They  familiar- 
ize one  with  basic  tendencies  in  population-re- 
source-environment systems  but  do  not  speaK  to 
the  problems  of  specific  regions.  As  stated  in  The 
Limits  of  Growth : 

We  can  say  very  little  at  this  point  about  the 
practical,  day-by-day  steps  that  ought  be  taken  to 
reach  a  desirable,  sustainable  state  of  global 
equilibrium.  Neither  the  world  model  nor  our  own 
y  thoughts  have  been  developed  in  sufficient  detail 
X  to  understand  all  the  implications  of  the  transition 

from  growth  to  equilibrium.  Before  any  part  of  the 
' '  world's  society  embarks  deliberately  on  such  a 
transition,  there  must  be  much  more  discussion, 
more  extensive  analysis,  and  many  new  ideas 
contributed  by  many  different  people.  If  we  have 
stimulated  each  reader  of  this  book  to  begin 
pondering  how  such  a  transition  might  be  carried 
out,  we  have  accomplished  our  immediate  goal.^ 

Further  problems  with  the  Worid  modeisSn- 
clude  (1)  the  fact  that  they  are  based  on  a  series 
«  of  controyersial  assumptions,  including  tliC  inabil- 

ity of  technology  to  alleviate  natural  limits  to 
growth  and  thus  cannot  be  employed  without 
generating  debate;  (2)  their  focus  on  metal  re- 
sources and  inattention  to  fossil  fuels;  (3)  omission 
of  social  factors,  such  as  income  distribution  and 
the  intemation^  order,  which  may  pose  limiting 
problems  well  before  actual  physical  limits  are 
encountered;  (4)  weakness  of  data  base  and  aggre- 
gation  ot  items  with  dissimilar  behavior  in  the 
pollution  sector;  and  (5)  failure  to  allow  for 
qualitative  changes  in  the  nature  of  economic 
growth  that  could  make  it  less  demanding  on 
limiting  resources. 


The  breadth  of  focus  and  coherent  conceptual 
development  of  the  World  models  ensure  their 
utility  for  wlarifying  the  nature  of  long-term  global 
problems.  However,  their  limitations  render 
them  unsuitable  as  primary  tools  of  analysis  or 
as  tools  for  detailed  analysis  of  global  problems 
and  their  solutions. 

Met/iod 

World  2  and  World  3  are  both  system  dynamics 
models.  System  dynamics  -s  a  form  of  simulation 
nuxieling  tt^at  incorporates  a  well-articulated  phi- 
losophy, precepts  about  how  models  shouM  be 
constructed,  and  a  set  .of  symbolic  representa- 
tional tools  (including  the  DYNAMO  computer 
language  and  various  diSiqammatic  formats  used 
in  model  formulation  and  description),  all  of  which 
embody  the  system  dynamics  methodology.  Jay 
Forrester  was  the  primary  dev^opcr  of  Ae  system 
dynapiics  methodology.  T^e  team^hat  con- 
structed Worid  3  was  made  dp  of  people  who  had 
studied  under  Forrester  at  MIT.  Both  models  can 
therefore  be  considered  pure  system  dynamics 
models,  a.id  th^^  methodological  bases  can  best 
be  describes]  by  quoting  extracts  firom  the  system 
dy nannies  literature.  The  following  description  has 
been  extracted  from  a  paper  written  by  Nathaniel 
Mass,  a  senior  member  of  the  MIT  System 
Dynamics  Group,  and  Richard  Day,  Chairman  of* 
the  E>epartment  of  Economics  at  the  University  of 
Southern  California, 

A  system  dynamics  model  is,  most  fundamen- 
tally, a  theory  of  how  change  occurs'in  a  social- or 
economic  system.  The  means  for  describing  the 
process  of  change  is  a  set  of  simultaneous  first- 
order  differential  or  integral  equations.  Underlying 
this  representation  is  the  assumption  that  change 
in  social  systems  occurs  through  the  process  of 
integration.  The  form  of  system  dynamics  models 
thus  differs  intrinsically  from  that  of  simultaneous- 
equation  models  which  describe  equilibrium  rather 
than  intertemporal  relationships,  and  in  v^hich 
change  ia  internal  system  variables  can  only  occur 
as  a  result  of  change  in  exogenous  variables. 

System  dynamics  assumes  that  all  variables  in 
a  system  can  be  subdivided  into  two  fundamental 
categories:  levels  and  rates.  This  dichotomy  cor- 
responds closely  to  the  distinction  between  stocks 
and  flows  in  economics  or  the  distinction  between 
balance-sheet  and  income-statement  .variables  in 
accounting.  Level  variables  dtfscHbe  the  state  of 
the  system  at  any  point  in  time.  In  contrast,  rate 
variables  are  instantaneous  rates  of  flow  which 
alter  the  system  levels. 
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Characteristics  of  the  rate-equation  stnicture  of 
a  system  dynamics  nrKxld  inchide: 

(i)  Rate  equations  are  formulated  on  the  basis  of 
observation  of  the  undertying  real-life  decision 
processes.  All  information  inputs  to  a  rate  equa- 
tion are  information  sources  actually  availabte  to 
the  decision-maker  and  employed  in  decision- 
making. Rate  equations  shouM  not  be  based  on 
a  theory  of  equilibrium  or  optimal  economic 
behavior. 

(b)  In  a  well-formulated  iiuxlel,  parameten  will 
each  have  clear  and  independent  real^hfe  mean- 
ing. ...  A  typical  parameter  might  represent 
**The  average  length  of  time  orden  for  capital 
equipment  are  planned  and  negotiated  internally 
before  an  actual  order  is  placed  with  supplien.'* 
Auameten  shoukl  have  opeiatkmal  significance 
to  actors  in  the  real  system,  not  just  abstract 
statistical  meaning.  Parameten  shoukl  never  be  » 
inserted  just  to  correct  units  of  measure  or  to 
increase  equatkm  fit  with  dau. 

(c)  Proper  rate-equatN>n  formulations  should  in- 
corporate all  influences  on  the  corresponding 
real-life  actkm,  including  intangible  or  non-meas-  ' 
ured  variables.  Non-measured  variables  or  vari- 
ables for  which  little  data  exist  shoukl  be  for- 
mulated and  incorporated*  into  the  model  in  as 
reasonable  a  way  as  possible,  given  data  limita- 
tkms.  SimulatM>n  experiments  shoukl  then  be 
perforated  at  a  later  sUige  to  assess  the  sensitiv- 
ity of  model  behavk>r  and  policy  outcomes  tt) 
the  exact  measurement  and  specificatk)n  of  in- 
tangible or  non-measured  influences.  Such  sim- 
ulatkm  experiments^  can  gukle  further  data-col- 
lectmn  and  parameter-specificatk>n  eSbrC^. 

(d)  Rate-equation  formulatkms  shoukl  be  robust 
and  not  break  down  at  extreme  conditions  or 
outskle  the  range  of  observed  system  behavior. 
Such  robustness  of  rate  equatkms  is  important 
because  it  can  seklom  be  presumed  a  priori  that 
future  behavior  or  behavior  resulting  from  appli- 
catkMi  of  a  new  polky  will  fall  only  within  the 
range  of  past  behavior.* 

The  rate-level  structure  of  system^  dynamics 
models  has  important  consequences.  For  one 
thing,  it  makes  them  effective  tools  for  represen- 
tation of  dynamic  feedback  processes.  System 
dynamicists  are  almost  unique  among  social  sci- 
ence modelers  because  they  routinely  analyze  the 
behavior  of  their  models  in  terms  of  positive  and 
negative  feedback  loops.*  For  another,  it  makes 


*  Positive  feedback  loops  are  self-reinforcing  behavioral 
trends*  such  as  "vicious  circles'*  or  "snowball  effects/* 
where  increases  in  a  stock  resuh  in  increases  in  the  volume 
of  a  flow  that  increases  that  stock.  Growth  in  population 
leading  to  increasesin  the  number  of  births  per  unit  time  is 
a  familiar  exampK  Positive  feedback  results  either  in 
exponential  growth  or  exponential  decline.  Negative  feed- 


them  well  suited  for  representation  of  problems 
where  time  phasing  of  cumulative  events  has 
important  ramifications  for  system  behavior,  as, 
for  example,  in  the  delayed  cfTects  of  toxins  on 
biological  systems.  - 

The  emphasis  on  inclusion  of  nonmeasured 
variables,  on  opciational  (as  opposed  to  abstract 
or  stati^tk^)  meaning,  and  on  robustness  under 
extreme  conditions  often  make  system  dynamics 
nriodels  seem  strange,  if  not  heretk^,  to  conven- 
tional analysts  who  base  their  models  on  existing 
theory  and  rely  on  statistical  valklation  as  a4est 
of  empirical  truth.  The  same  constellation  of 
attributes,  however,  tends  to  make  system  dynam- 
ics models  attractive  to  nonacadcmic  audiences 
by  freeing  them  from  the  artificiality  of  abstract 
th^ry  and  imbuing  them  with  the  realism  that 
comes  of  including  familiar  terminology  and 
esses  that  interact  in  a  recognized  fashion. 

An  essential  part  of  using  operatkmal  variables 
and  constructing  nuKlels  that  will  not  break  down 
under  extreme  conditions  or  outside  the  range  of 
observed  system  behavior  is  the  use  of  nonlinear 
functional  iclationships.  It  is  common  in  any 
functional  relationship  for  extreme  conditions  to 
lead  to  increasing  or  diihinishing  returns.  Hence 
the  gut  feeling  that  one  cannot,  in  many  situations, 
''push  things  too  far**  without  facing  a  change  in 
ti^  way  the  system  responds.  System  dynamicists 
freely  transpose  descriptive  information  of  such 
situations  into  nonlinear  functional  relationships. 
For  example,  upon  b*ing  told  by  a  person  familiar 
with  a  system  that  past  a*  certain  point  not  much 
h^pens  when  you  increase  this  or  that  input,  the 
modeler  will  be  likely  to  draw  a  curve  of  diminish- 
ing returns  that  levels  off  around  the  point  indi- 
cated. The  system  dynamicist*s  tools  make  this 
sort  of  representation  simple  to  incorporate,  thus 
encouraging  its  use.  As  all  mathematician*s  know 
the  inclusion  of  nonlinearities  tends  to  make 
systems  on  equations  intuitively  unpredictable. 
Thus,  when  system  dynamics  models  are  made 
to  operate  in  extreme  value  regions  for  critical 
parameters — or  when  their  own  structural  tend- 
encies drive  them  into  extreme  regions  over  the 
course  of  time---they  often  manifest  unfamiliar 
modes  of  behavior.  From  this  arises  the  **coun- 


back  is  equilibrating  or  goal-seeking  behavior,  in  which 
changes  in  a  variable  that  move  it  away  from  the  value  at 
which  it  fmds  equilibrium  will  stimulate  forces  that  drive 
the  variable  back  toward  its  rquilibnum  value.  A  negative 
fe^back  loop  can  also  be  called  a  control  mechanism.  A 
thermostat  is  a  classic  example  of  a  negative  feedback 
system.  However,  negative  feedback  will  be  found  control- 
ling  many  things  that  stay  in  balance  and  are  not  completely 
ine.t. 
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terintuitive  behavior''  that  system  dynamicists 
see  as  one  of  the  most  insight-generating  contri- 
butions of  their  models — the  place  where  com- 
puter analysis,  at  least  theoretically,  can  surpass 
the  analyzing  power  of  the  human  brain. 

Structure 

World  3  is  a  structural  analog  of  World  2,  with 
a  higher  degree  of  detail  and  further  substantiated 
through  parameterization  and  structural  justifica- 
tions taken  from  scholarly  literature.  Increase  in 
detail  leads  to  an  increase  in  size.  World  2 
contains  around  40  equations  and  S  levels  while 
World  3  contains  closer  to  150  equations  and  21 
state  variables.*  Table  25-1  shows  the  lines  along 
which  World  2  has  been  expanded  to  arrive  at 
Worid  3. 

A  full  description  of  cither  modcFs  structure 
would  be  impractical  to  include  here.  Those 
seeking  such  a  description  should  refer  to  the 
modeler*s  own  documentation  of  their  work.  ^  The 
|.  ^sent  analysis  entails  some  conceptual  distortion 
by  describing  the  two  nuxlels^  as  representations 
of  ecological  carrying  c^>acity. 

As  carrying  capacity  models,  Worlds  2  and  3 
can  be  seen  as  systems  including  two  populations, 
both  of  which  have  carrying*  capacities  partially 
determined  by  the  other  population  and  partially 

TABLE  25-1 
A  Comparison  of  Levels  in  Work!  2  and  Work!  3 


Woild  2 


Worid  3 


Population 


Natural  resources 
Capital  investment 


Fraction  of  capital 
investment  m  agriculture 


I 

Pollution 


Ages  0-^14 
15-44 
45-^ 
*         65  + 
5  delays* 

Nonrenewable  resources 

Industrial  capital 
Service,  capital 
.  7  delays 

Arable  land 
Potentially  arable  land 
Ur))an-industnal  land 
UVd  fertility 
2  fielays  ^ 

Persistant  pollution 
7  delays 


*A  delay  i«  a  commonly,  used  stnicluraJ  urut  in  «y«tem  dyna/nift  modch  ihMt 
icrves  to  delay  the  effect ^  «.hjuigc«  happening  in  (he  tyslera  ~Stai€(uraliy. 
delayi  aieJ^veU  A  «lni»e  delay  may  be  rttade  of  one,  two,  threv.  or  more 
leveU 


*  Tcchni«.al  definNional  problems  for  "equation"  and  "state 
variable*'  make  it  impossible  to  assign  exact  numbers 
without  careful  stipulation  of  terms. 


 X 

determined  by  environmental  factors  of  other 
sorts.  The  two  populations,  human  population  and 
machine  population  (called  in  the  models  capital 
investment  or  industrial  and  service  capital)  are 
by  nature  tied  into  positive  feedback  loops  and 
thus  inclined  to  expotential  growth.  Increases  in 
population  lead  to  increases  in  the  number  of 
births  per  year,  which  leads  to  further  growth  of 
population.  Increases  in  machines  lead  to  in- 
creases in  output,  which  produces  more  funds  for 
investment  and  thus  more  machines.  Both  growth 
trends  will  tend  to  be  exponential. 

The  basic  relationship  between  human  and 
machine  populations  might  be  termed  symbiotic. 
There  are  f\inctional  relationships  in  the  models 
whereby  increases  in  population  tend  to  increase 
the  growth  of  the  industrial  infrastructure  and 
whereby  growth  industrial  infrastructure  tends  to 
hasten  pop^ulation  growth  rates.  Structural  obser- 
vations could  lead  a  modeler  to  deduce  that  the 
relationship  between  capital  growth  and  popula- 
tion growth  is  quite  strong  (increased  industrial 
capacity  can  greatly  extend  the  carrying  capacity 
for  human  beings),  while  the  relationship  between 
population  growth  and  industrial  growth  is  rela- 
tively weak  (increase  in  human  population  does 
not  greatly  increase  the  carrymg  capacity  for 
machines).  Observation  of  model  behavior  will 
confirm  these  deletions:  In  model  runs  industrial 
growth  tends  tc^ontinue  even  wheti  population 
growth  has  equilibrated,  while,  collapses  of  the 
industrial  structure  result  in.  similarly  large  col- 
lapses of  population. 

The  apparent  symbiosis  is  not  straightforward. 
In  some  ways,  machine  and  human  pop&lations 
are  antipathetic  and  retard  one  another* s  growth. 
The  machine  population  generates  pollution, 
which  can  raise  death  rates  for  the  population  of 
human  beings.  If  human  popul^ion  increases  out 
of  proportion  to  its  food  supply*  investment  be- 
comes diverted  from  the  industiial  to  agricultural 
use,  v^hich  in  effect  reduces  the  rate  at  which 
industrial  capital  grows. 

Beyond  the  system  of  mutual  constraints  and 
stimuli  and^^between  the  human  and  machine 
populations  are  a  set  of  constraints  created  by 
natural  systems.  Pritnary  among  these  are  the 
limitation  on  agricultural  production  created  by 
the  limited  resources  of  arable  and  potentially 
araNe  land  and  the  limitations  brought  about  by  a 
finite  supply  of  nonrenewable  natural  resources. 
In  both  cases,  these  are  modeled  not  as  absolute 
limits  but  as  situations  wherein  the  K:osts  of 
resource  development  increase  ^xpotentially  us 
the  total  available  supply  begins  to  be  df^hausted. 
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As  modeled,  a  funhcr  difBculty  is  embedded  in 
the  stnictiire  of  the  agricultural  sector.  Its  cairyin; 
capacity  is  erodabie.  Overiy  intensive  use  of  ag- 
ricultural resources  leads  to  a  decline  in  soil  fertility 
and  to  decreased  agricultural  production.  Declines 
in  agricultural  production  will  stimulalf  -ncreased 
investment  in  the  agricultural  sector  and  further 
intensification  of  agricultural  production.  These,  in 
turn,  will  hasten  the  decline  in  soil  fertility.  Unless 
strong  forces  counteract  these  trends,  their  net  ef* 
feet  will  be  an  exponential  decline  in  agricultural 
production  and  massive  starvation  of  the  human 
population  for  which  the  agricultural  production 
has  established  a  carrying  capacity. 

Wortds  2  and  3  also  tend  to  be  structurally 
unstable  and  prone  to  coU^se  because  the  man- 
machine  symbiosis  permits  and  encourages  both 
popu^  Jons  to  grow  beyond  the  natural  limits  of 
land  4nd  natural  resources.  The  iiiertia  inherent  in 
the  levels  representing  human  and  machine  popu- 
lations (neither  human  population  nor  stocks  of 
machinery  will  respond  quickly  to  changes  in  their 
outside  environment)  prevents  *hen*.  from  re- 
sponding quickly  when  they  approach  their  re- 
spective natural  limits.  Thus  both  arc  inclined  to 
overshoot  their  carrying  capacities.  This  over- 
shoot, in  coi^unction  with  the  overshoot  resulting 
from  erosion  of  agricultural  carrying  capacity,  is 
responsible  for  tht  crash  in  human  population  and 
industrial  infrastructure  that  makes  the  World 
models  so  startling  and  sc  sobering  in  their 
prognostications. 

Conclu  MS 

The  conclusions  the  modelers  themselves  draw 
firom  their  models  are  perhaps  best  stated  in  their 
own  worc^  from  Dynamics  of  Growth  in  a  Finite 
World,  th.  technical  report  on  Worid  3: 

The  uominant  behavior  mode  of  Worid  3  is 
cause''  '^v  three  basic  assumptions  about  the 
popuktio  "apital  system: 

1.  Ti'iC  prevailing  social  value  system  strongly 
favors  the  growth  of  population  and  capital. 
Therefore,  ihcsc  quantities  tend  to  ^w  unless 
severely  pressed  by  physical  limitations.  Their 
g.x)wth  is  exponential  because  of  the  inherent 
positive  feedback  nature  of  industrial  produc- 
tion and  human  reproduction. 

2.  "eeaback  signals  about  the  negative  conse- 
quences of  growth  are  generated  by  the  envi- 
ronmental systems  that  support  population  and 
capital.  These  signals  take  the  form  of  pres- 
sures against  growth,  such  as  diminishing  re- 
turns to  investment  in  agricultural  inputs,  the 
buildup  of  harmful  pollutants,  increased  devel- 
opment costs  for  new  land,  increased  resource 


costs,  and  less  food  per  capita.  The  neaative 
feedback  signals  become  stronger  as  populatjon 
ukI  capital  grow  toward  environmental  limits. 
3.  E>elays  in  the  negative  feedback  signals  arise 
for  two  reasons.  First,  some  delays,  such  as 
those  inherent  in  population  aging,  pollution 
transfers,  and  land  fcrtUity  regeneration,  are 
inescapable  consequences  of  physical  or  bio- 
logical laws.  Second,  some  delays  are  caused 
by  the  time  intervals  necessary  for  society  to 
*^rceive  new  environmental  situations  and  to 
adjust  its  values,  institutkins,  and  techndogies 
in  response. 

A  system  that  posses  these  three  characteris- 
tics— rapid  growth,  environmental  limits,  and 
f^back  delays--4s  inherently  unstable.  Because 
the  '^pid  growth  persists  while  the  feedback 
signals  that  o^se  it  are  delayed,  the  physical 
system  caii  temporarily  expand  well  beyond  its 
ultimately  sustainable  limits.  During  this  period  of 
overshoot,  the  short-term  efforts  required  to  main- 
td«r  *he  excess  population  and  capital  are  espe- 
cially likely  to  erode  or  deplete  the  resource  base. 
Tht  environmental  carrying  capacity  may  be  so 
diminished  that  it  can  support  only  a  much  smaller 
popuk^n  and  tower  material  standard  of  living 
than  would  have  been  possible  before  the  over- 
shoot. The  result  is  an  uncontrollable  decline  to 
lower  levels  oi  population  and  capital. 

With  this  understanding  of  the  system  charac- 
teristk:s  that  lead  to  instability,  it  becomes  rela- 
tively easy  to  evaluati*  alternative  policies  for 
increasing  stability  and  cringing  about  a  sui>:aina- 
b!e  eo'tih%rium.  For  example: 

1.  Short-tenn  technologies  ed  to  mask  the 
initial  signals  of  impenai  uts  and  to  pro- 
mote further  growth  w*^  noi  oe  effective  <n  tiie 
long  term.  Rather,  th:y  >^ill  disguise  the  need 
for  social  value  change,  lengthen  the  system's 
response  delays,  and  increase  the  probabiHty, 
the  speed,  arid  the  magnitude  of  the  eventual 
overshoot  and  coUsq^se. 

2.  Policies  that  combat  the  erosion  of  the  earth's 
resource  base  will  certainly  reduce  the  severity 
of  decline  after  an  overshoot.  However,  so 
long  as  growth  is  still  emphasized  and  feedback 
delays  persist,  resource  conservation  will  not 
in  itself  prevent  oversnoot.  Furthermore,  the 
overstnessed  system  may  not  be  adSe  to  aiSbrd 
the  costs  of  conservation  during  a  period  of 
overshoot. 

3.  Social  value  changes  that  reduce  the  forces 
causing  growth,  institutional  innovations  that 
raise  the  rate  of  technological  or  social  adapta- 
tion, and  long-term  forecasting  methods  that 
shorten  feedback  delays  may  be  very  effe  ♦ive 
in  reducing  system  instability. 

4.  A  judi^KHis  combination  of  policies  designed  to 
prcve  the  erosion  o**  resources,  foi  ee  the 
effects  of  approaching  limits,  and  bring  a 
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deliberate  end  to  material  and  demographic 
growth  can  circumvent  the  overshoot  mode 
altogether  and  lead  to  a  sustainable  cqjaib- 
num. 

Although  these  conclusions  seem  to  be  simple 
and  self-evident,  most  economic  and  political 
decisions  made  today  are  based  implicitly  on  a 
worid  view  very  different  from  the  one  presented 
here.  The  dominant  contemporary  model  contains 
the  assumptions  that  physical  growth  can  and 
should  continue;  that  technology  and  the  price 
system  car  '^Jiminate  scarcities  with  little  delay; 
that  the  resource  base  can  be  expanded  but  never 
reduced;  that  the  solution  of  short-term  problems 
will  yield  desirable  long-term  results:  and  that 
population  and  capital,  if  they  must  ever  stabilize, 
will  do  so  autoHidtically,  and  at  an  optimal  level. 

The  conclusions  reached  by  readers  of  The 
Limits  to  Grow  th  vaiy  with  the  sophistication  of 
the  reader.  People  who  have  not  previously  been 
confronted  with  the  set  of  problems  the  World 
nKxlels  deal  with  often  react  emotionally  and  find 
the  work  depressing.  The  following  comment  is 
typical:  "Basically  the  prediction  is  that  mankind 
has  perhaps  40  or  50  years  left.  ...  The  human 
race  will  be  wiped  out— mostly  or  completely— by 
the  year  2100.*  "  People  to  whom  the  problem  of 
limits  is  not  a  novelty  tend  to  react  less  emotion- 
ally. Others  have  such  readymadc  defenses 
against  the  limits  argument  as  the  following:  '*Yes, 
but  they  dg  not  include  technology."  "You  can 
rig  a  model  to  say  anything  you  want."  Or  "I 
don't  believe  their  numbers  are  correct."  Others 
are  favorably  predisposed  to  the  concept  that 
material  growth  must  cease  and  so  are  inspired  to 
work  for  global  equilibrium. 

Worlds  2  and  3  are  probably  among  the  most 
tested  computer  models  ever  developed.  Not  only 
have  they  been  extensively  tested  by  the  modelers 
themselves,  they  have  also  been  subjected  to 
extensive  testing  by  the  models'  critics,  by  sym- 
pathetic academics,  and  by  students  at  vtirious 
universities.  There  are  two  principal  reasons  why 
the  World  models  have  undergone  so  much  test- 
ing (I)  They  are  highly  visible  and  present  a 
challenge  to  users  who  attempt  to  get  the  system 
to  produce  different  outcomes,  and  (2)  they  are 
easily  tested  by  anyone  having  access  to  the 
appropriate  computer  hardware.  Their  computer 
programs  are  published  and  are  sufficiently  short 
that  they  can  be  transferred  without  difficulty  onto 
any  system  with  a  DYNAMO  compiler.  Once  cn 
the  system,  they  are  easy  to  test,  for  DYNAMO 
was  written  in  a  way  that  deliberately  encourages 
testing. 


People  testing  the  models  have  come  to  differ- 
ing conclusions  about  the  way  the.nwdels  func- 
tion. Forrester  and  members  of  the  Meadows 
tt^m  are  generally  impressed  by  how  robust  the 
models'  behaviors  are.  They  find  that  the  over- 
shoot and  collapse  behavior  persists  in  the  face  of 
many  measures  that  seem  certain  to  eradicate  it. 
Strong  measures  to  curb  population  and  resource 
growth  and  extensive  industrial  growth  are  the 
only  measures  that  they  found  effective  in  averting 
the  famed  collapse  mode.  On  the  other  hand,  after 
testing  the  model's  sensitivity  to  parameter 
changes,  a  team  of  investigators  from  the  Science 
Policy  Research  Institute  at  Sussex  University 
concluded:  "The  model  appears  to  be  very  sensi- 
tive to  input  parameters  which  have  a  wide  margin 
of  error  and  in  fact  it  would  appear  that  according 
to  Worid  3,  high  rate  of  growth  is  just  as  likely  as 
a  catastrophic  collapse."    For  the  most  part,  the 
Sussex  group's  parameter  changes  w^re  based  on 
the  expe^*ation  that  technological  change  would 
constanuy  extend  global  limits  over  time  and  that 
the  main  constraining  factor  would  be  the  rate  at 
which  technology  could  progress.  In  particular, 
they  found  that  flattening  the  cost  curves  (which 
relate  costs  of  resource  extraction  and  cost  of 
agricultural  development  of  new  land  to  the  re- 
spective fractions  of  these  factors  remaining  un- 
developed or  unu&ed)  makes  continued  economic 
growth  much  less  of  a  problem  than  it  was  shown 
to  be  in  the  Forrester  and  Meadows  studies.  The 
reader  who  would  like  to  assess  for  himself  the 
relative  merits  of  these  two  ai^guments  :s  referred 
to  Chapter  9  of  Models  of  Doom    and  to  Chapter 
7  of  Dynamics  of  Growth  in  a  Finite  World. 

Statements  arc  sometimes  made  to  the  effect 
that  The  Limits  to  Growth  has  oeen  disproven 
and  that  errors  have  been  found  in  the  Worid 
models.  In  fairness  to  the  World  modelers,  it  must 
be  said  that  there  probably  isn't  a  social  system 
model  in  existence  that  could  not  be  disproven  by 
critics  whp  change  the  model's  assumptions  or 
attack  its  data  base.  Had  the  other  models  de- 
scribed in  the  following  chapters  been  subjected 
to  the  extensive  testing  lavished  on  the  World 
models,  there  is  little  question  but  that  they,  too, 
would  have  been  "disproven"  oi  found  in  error. 

Documentation 

Worid  2  and  Worid  3  are  clearly  and  thoroughly 
documented.  The  equations  on  which  they  are 
based  have  all  been  published,  and  it  is  possible 
for  anyone  with  access  to  a  DYNAMO  compiler 
to  reproduce  the  results  without  difficulty.  The 


ERLC 


WORLDS  2  AND  3 


613 


equations  have  also  been  explained  in  two  of  the 
works  cited  below,  And,  erf  course,  the  popular 
and  readable  Limits  to  Growth  has  reached  an 
impressive  number  of  readers — ab^/Ut  4  niillton 
copies  having  been  printed  to  date,  in  over  20 
languages. 


The  fame  achieved  by  Worlds  2  and  3  probably 
owes  as  much  to  the  clear  and  provocative  style 
of  their  documentation  as  to  the  att.*ntion-com- 
manding  descriptors  applied  to  the  documents 
themselves:  "MIT  Study"  and  ''Report  of  the 
Club  of  Rome/' 
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The  World  2  and  3  models  constructed  by  Jay 
Ponr^ster  and  the  Meadows  group  were  prime 
tanteti  for  critks.  They  were  ht^y  publicized 
and  docmneitted  in  such  a  way  that  their  assump- 
tions were  fairly  clear,  and  it  was  obvious  that 
their  approach  contradicted  many  established 
teclmaques  of  problem  analysb,  paiticulariy  tnose 
used  by  economists.  But  none  of  the  features  of 
the  World  2  and  3  models  that  came  under  fire 
was  so  widely  attacked  as  the  fact  that  the 
modelers  agpqpited  all  nati^  of  the  globe  into  a 
single  operative  unit.  This  disturbed  the  modelers' 
qxmsors  as  weU  as  the  critics.  In  the  words  of 
Aurelio  Peccei  and  Alexander  King,  founders  of 
tfieChibof  Rome: 

One  of  the  ddiberate  limitations  of  the  previous 
[Forrester  and  Meadows]  research  was  its  adop- 
tion of  worldwide  gggr^ations.  This  was  a  n?  ^er 
of  choice,  promptedby  the  otgective  of  com^ 
ing  the  pixgect  rapidly,  providing  at  the  same  time 
an  initttl  ovmlJ  perspective  of  the  trend  and 
constraints  inherent  in  the  "dynamics  of  the  total 
system.  We  knew,  of  course,  that  the  heterogeny 
Of  the  worid,  with  its  inniuneraUe  cultural  and 
environmental  differences,  varying  levels  of  d«;vel- 
opment  and  uneven  distribution  of  natural  re- 
sources, means  the  consequences  of  growth  in 
difKerem  places  is  likewise  heterogeneous.  Thus 
the  average  curves  and  trends*  as  outlined  in  the 
first  report,  couM  not  be  adopted  as  a  guide  to 
detaSea  poUcj^'deciskms  in  any  particular  country. 

We  appreoated  therefore  the  urgent  need  *o 
fbUow  iqp  th»  initial  ^obal  model  with  disaggre- 
gated studies  that  could  lead  to  a  deeper  under- 
standing of  the  wkle  range  of  worid,  regional  ani 
natikxial  prospects  and  to  their  being  coupled  with 
the  practical  business  of  politics.  And,  conse- 
quently, we  support  the  Mesan)vic-I\  )tel  Study 
which  aims  to  do  just  this  ^ 

The  data  base  for  Worids  2  ^  rd  has  also 
drawn  severe  criticism.  Critics  l.ave  us'td  such 
a4)ectives  as  **u«iscientific''  and  *'dubi<us''  to 
describe  the  empirical  bast  on  which  u.r  mod|^ls 
rest.  Mihiyk)  Mesarovic  and  iiduard  Pestel  have 
made  a  delibmte  attempt  to  gain  approb^tion 
from  the  skeptical  segment  of  the  inteh  c  aal 
conununity  aiid  to  disassociate  their  wori  rrom 


ERIC 


that  of  Forrester  and  Meadows.  In  introducing 
their  models,  Mesarovic  and  Pestel  stress  that 
their  model  is  scientific  and  based  on  real  num- 
bers. ^ 

Despite  the  modelers'  attempts  to  set  them- 
selves apart  fix>m  previous  worid-modeling  efforts, 
the  Mesarovic-Pestel  world  model  was  inspired  by 
much  the  same  set  of  motivf^s  as  Worid  2  and 
Worid  3.  Once  again,  there  was  an  attempt  to 
consider  problems  on  a  global  scale,  to  make 
sense  out  of  the  bewildering  interconnectious  of 
things  that  either  are  currently  going  wrong  or 
might  do  so  soon,  and  to  seek  means  of  directing  ' 
the  gk>bal  system  toward  ends  for  the  betterment 
of  mankind. 

«  Mihiulo  Mesarovic  and  Eduard  Pestel  were 
both  systems  analysts.  As  origmal  members  of  the 
Qub  of  Rome,  they  watched  the  Worid  2  and  3 
models  develop  and  apparently  concluded  that 
they  could  improve  on  those  models.  They  sug- 
gested as  much,  got  support  from  the  Qub  of 
Rome,  and  seciired  financial  sponsorship  firom  the 
Volkswagen  Foundation,  which  also  sponsored  ^ 
the  Worid  3  project.  Work  on  the  Mesarovk- 
Pestel  model  (also  known  as  the  worid  integrated 
mo(ieL  or  WIM)  was  begun  irr  Hannover,  Ger- 
many, and  later  transferred  to  Case  Western 
Reserve  University  in  Qeveland,  Ohk>. 


Method 

In  ./stem  dynanucs,  there  is  unity  between  the 
modelers'  world  view  and  the  mathematical  con- 
structs used  to  build  the  models.  Forrester  and 
Meadows  see  the  worid  as  a  mechai^ism-nnot  a 
clockwork  mechanism,  but  a  closed,  state-deter- 
mined system,  fiill  of  ^nonlinearities,  too  complex 
for  the  human  mind  to  follow.  The  Mesarovic- 
Pestel  worid  model  does  not  incorporate  quite  the 
same  literal  translation  of  world  view  into  mathe- 
matical methodology.  Instead,  the  modelers* 
worid  view— which  they  term  ^'hierarchical  sys- 
tems theory''— determines  their  conceptualization 
of  the  world  system,  and  mathematical  and  com- 
puter-science techniques  are  used  eclectically  to 
capture  th.  essence  of  their  conceptualization. 
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Both  the  modders*  world  view  and  their  math- 
ematical methods  are  o^  interest,  the  former  for 
its  influence  on  the  ir.^el's  overall  conceptuali- 
zation, the  l^ter  because  they  determine  what 
happens  when  the  model  is  run  through  the 
computer. 

The  WorM  View 

The  modelers'  world  view  is  discussed  at 
length — though  not  in  a  fashion  that  will  convey  a 
clear  understanding  of  hierarchical  systems  the- 
ory,—in  the  popularization  of  their  work.  Mankind 
at  the  Turning  Point,  Basically  ♦hey  envision  the 
world  as  stratified  into  multiple  planes,  each  of 
which  operates  with  a  degree  of  autonomy.  These 
strata,  as  the  modelers  call  them,  are  hierarchi- 
cally arranged,  as.  in  Figure  26^1.  At  the  top  is  the 
individual  stratum;  below  it,  in  descending  order, 
are  the  group,  the  demographic-economic,  the 
technological,  and  the  environmental  (ecological 
and  geophysical)  strata.  The  docunientation  does 
not  inform  us  how  or  why  these  strata  are  distinct, 
nor  does  it  explain  their  nrd^nng. 

In  practice  the  strata  are  not  equally  repre- 
sented in  the  model.  The  demographic-economic 
stratum  and  the  environment  stratum  (apparently 
a  meld  of  the  geophysical  stratum  and  the  ecolog- 
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Flgvre  26-1.  The  five  interreUtod  planet  into  which  the 
wcrld  is  stratified  in  the  Meurovic-Pestel  world  model 
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ical  stratum)  have  been  represented  in  the  most 
explicit  terms  and  take  up  the  bulk  of  the  model's 
content.  The  modelers  have  attempted  to  allow 
for  the  group  stratum — that  is,  political  and  insti- 
tutional foctors^y  making  the  model  interactive 
and  turning  over  to  the  model  user  the  function  of 
estimating  social  group  behavior.  It  is  unclear  how 
the  technology  stratum  has  been  included,  al- 
though technological  influences  are  implicit  in 
many  places  in  the  demographic-cconomic-model. 

Here,  a  note  on  the  question  of  * 'counter- 
intuitive behavior''  is  in  order.  As  mentioned  in 
the  methodological  description  of  Worids  2  and  V 
in  Chapter  25,  Jay  Forrester  and  most  omr 
system  dynamicists  propound  the  MttofKlhat 
complex  systems  are  often  internally  structured  in 
such  a  way  that  the  human  mind  is  incapable  of' 
correctly  sensing  how  they  behave.  That  is,  com- 
plex systems — ^which  in  Forrester's  worid  view 
means  higher-order  nonlinear  systems — behave  in 
counterintuitive  ways.  The  hypothesized  counter- 
intuitive behavior  of  social  systems  is  not  a  trivial 
or  an  esoteric  point;  on  it  rests  the  basic  justiflca- 
tion  for  system  simulation  modeling — the  claim 
that  computer  simulation  can  pull  us  through  the 
complex  logical  sequences  that  baffle  or  trick  our 
intuitive  perceptions. 

Like  Forrester,  Mesarovic  and  Pestcl  see  social 
systems  as  structured  in  ways  beyond  the  ken  of 
unaided  human  intuition.  However,  they  offer  a 
different  explanation  of  how  such  systems  exceed 
our  powers  of  intuitive  understanding.  The  prob- 
lem,  as  they  see  it,  arises  out  of  the  hierarchical 
construction  of  these  systems.  In  normal  times 
different  hierarchical  strata  behave  almost  inde- 
pendently of  one  another.  However,  some  condi- 
tions can  cause  the  separate  strata  to  become 
highly  interactive.  These  conditions,  the  modelers 
tell  us,  are  what  we' commonly  call  **crises";  in 
such  crises  the  system  can  adopt  modes  of 
behavior  so  different  from  those  pf  normal  expe- 
rience that  they  surpass  our  intuition.  ^  Mesarovic 
and  Pestel's  message  appears  to  be  that  the  model 
they  have  produced  can  assist  us  in  fathoming  the 
behavior  of  both  present  and  future  crises. 

If  we  try  to  place  the  Mesarovic-Pestel  strata 
among  familiar  concepts,  we  find  they  follow 
system  cleavages  that  others  have  followed  be- 
fore. The  ''environment  stratum"  scorns  to  corre- 
spond to  the  natuial  ''carrying  capacity."  The 
economic  and  demographic  substrata,  although 
combined  in  a  single  stratum,  coincide  with  the 
human  and  machine  populations  that  coexist  in 
Worlds  2  and  3  in  a  blend  of  symbiosis  and 
antipathy.  And  Mesarovic  and  Pestel  have  found 
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the  technological  and  group  (social)  strata  as  hard 
to  specify  as  have  other  modelers. 

Another  world-view  notion  stressed  by  the 
modelers  is  that  of  organic  versus  undifferentiated 
growth.  Organic  growth  they  see  as  intemelly 
regulated,  integrated,  controlled,  and  sustainable. 
Undifferentiated  growth  they  see  as  uncontrolled, 
unsustainable,  and  dangerous.  Several  times  in 
Mankind  at  the  Turning  Point,  they  emphasize 
the  desirabOity  of  moving  toward  an  organic  form 
of  growth  for  the  glcbal  system.  To  illustrate  their 
point,  they  use  as  an  example  of  organic  growth 
the  leveliiig  off  (rf*  the  growth  processes  of  an  oak 
tree^--a  disturbing  analogy  when  one  reflects  that 
senescence  sfid  death  are  characteristic  of  all 
organisms  and  tha!  a  leveling  off  of  organic  growth 
is  followed  by  decline  and  death.  The  analogy  is 
not  too  important,  however,  since  it  is  not  at  all 
clear  how— or  if— it  influences  the  model  structure 
or  shapes  its  conceptual  development. 

Tte  M^hmatkal  Methodology 

Mathematically,  as  opposed  to  conceptually, 
the  Mesarovic-P^tel  model  is  somewhat  like  a 
system  dynarmcs  model  in  which  state  variables 
are  replaced  by  matrices  of  state  variables,  and 
the  necessary  equipment  is  added  to  describe 
interaction  between  the  elements  into  which  the 
^'ngle  variables  have  been  disaggregated.  (For 
instance,  one  can  think  of  the  model  as  having 
been  regk)nalized  through  first  buikiing  a  single 
regional  model  structure  and  then  cepUcating  it  10 
or  12  times,  using  parameter  differences  and 
perhaps  computer  subroutines  to  make  the  indi* 
vtdual  regional  model  conform  to  characteristks 
of  the  worki*s  region.)  Thereafter  it  was  necessary 
to  link  the  resions  in  a  trade  network.  This 
required  more  minking,  more  equations,  and  more 
data. 

The  same  sort  of  disaggregatk>n  process  that 
took  place  to  develop  regionalized  representatk)n 
has  taken  place  in  many  other  places  in  the 
model.  Populations  are  broken  into  85  separate 
age  groups.  Energy  resources  are  categorized  into 
five  types.  Where  data  permit,  regional  economics 
have  been  disaggregated  by  sector,  each  sector 
having  its  own  capital  stock.  And  so  forth. 

The  net  effect  (in  both  senses  of  the  word 
**net")  is  hard  to  follow.  There  arc  probably  very 
few  people  in  the  world  who  understand  the 
model  well  enough  to  took  at  an  output  and  say 
that  a  given  pattern  of  model  behavior  was  caused 
by  such  and  such  a  feature  of  the  modePs 
structure.  And  because  the  model's  complexity 
seems  to  be  growing  rather  than  shrinking,  the 


number  of  people  who  so  understand  this  model 
will  probably  remain  small.  The  nnxlel  contains 
feedback  loops,  but  the  information  streams  that 
control  these  loops  flow  through  multiple  cris- 
crossing  channels.  Followirig  these  can  become 
quite  confusing.  And  yet  if  one  cannot  follow 
them,  it  is  diffkult  to  say  whether  model  behavk>r 
is  a  faithful  representation  of  world  processes  or  a 
result  of  some  fluke  in  the  way  the  model  was 
hooked  up. 

In  short,  the  Mesarovk-Pestel  model  is  a  disag- 
gregated dynanuc  feedback  model.  The  structure 
is  quite  pomplex.  Its  complexity  requires  that  one 
eitl^r  put  in  weeks— or  months— of  effort  to 
un^rstaAd  the  structure  or  else  accept  it  without 
quli^tkm  and  trust  that  the  modelers  have  faith- 
ftilly  represented  the  way  the  world  works. 

Relevance 

There  is  no  question  of  the  Mesarovk-Pcstel 
modePs  basic  relevance  for  studying  long-term 
interactions,  at  least  between  population  and  re- 
sources.  In  many  ways  it  seems  to  come  closer 
than  any  existing.model  to  the  detailed,  integrated, 
policy-oriented  planning  model  that  projects  like 
the  Global  2000  Study  i^re  seeking.  It  moves 
toward  uniting  the  equivalents  of  the  models  used 
in  making  the  projections  presented  in  Part  II  of 
i.iis  volunie.  That  is,  it  comes  close  to  being 
GOL,  SIMLINK,  lEES,  and  a  demographic 
model  all  rolled  into  one.  It  speaks  to  the  trying 
between  the  grain-rich  and  the  oil-rich,  as  well  as 
to  the  stafVation  of  those  who  have  neither  grain 
nor  oU . 

From  the  environmentalist's  point  of  view,  the 
model  leaves  much  to  be  desired.  It  either  ex- 
clikles,  or  treats  in  a  very  superficial  manner, 
forests,  flsheries,  and  resources  of  soil,  water,  and 
air.  It^iakes  little  attempt  to  tra:e  the  ecological 
destruction  that  can  be  expected  as  marginal  land 
and  mineral  resources  are  brought  in  to  use.  It 
apparently  does  not  even  co^^ider  the  increasing 
costs  of  their  extraction  and  development.  Thus, 
it  fails  to  represent  what  might  be  called  the 
worid*s  growth  pains. 

Many  of  the  things  the  modelers  excluded  could 
be  put  into  the  model,  at  least  in  principle,  out  not 
without  ^making  the  model  hiuch  larger,  more 
complex,  aiKi  less  easy  to  understand.  As  it  is, 
the  modePs  size  already  poses  enough  problems 
that  the  modelers  sometimes  And  it  impractical  to 
ran  the  full  system  intact.  Instead,  they  drive^jt  in 
two  segments,  the  one  driving  the  other  (hence  no 
Ceedback)  in  some  cases  making  off-line  adjust- 
ments to  compensate  for  the  feedback  linkages 
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that  arc  severed  when  running  the  model  in 

^  In  fairness  to  the  modelers,  it  should  be  noted 
that  the  problems  created  by  complexity  are 
inherent  in  putting  dynamic  feedback  into  a  de- 
tailed model.  Any  modeler  attempting  to  build  a 
mathematical  structure  incorporating  similar  de- 
grees of  detail  and  interdependence  of  variables 
would  find  himself  faced  with  the  same  problems 
in  operating;  comprehending,  and  explaining  his 
model.  It  is  to  the  modelers'  credit  that  they  are 
presently  doing  what  they  can  to  simplify  the 
modePs  structure  and  mak^  it  more  readily  com- 
prehensible to  conventional  analysts.  Whether 
they  will  succeed  remains  to  be  seen. 

The  many  ecological  features  that  one  might 
want  to  include  would  present  great  difficulties. 
They  extc^nd  across  ecosystems  whose  boundaries 
do  not  conform  to  the  political-regiona]  boundaries 
defined  in  the  model.  Problems  peculiar  to  arid 
regions,  rainforests,  tundra,  or  combelts  are  be- 
yond the  model's  powers  because  its  regionaliza- 
tion  scheme  aggregates  across  m£uor  ecological 
zones.  Similariy,  problems  like  the  firewood  crisis 
of  the  Third  Worid  would  be  diflficuh  to  represent 
because  the  model  makes  no  separate  account  of 
the  social  classes  that  glean  their  fuel  from  the 
natural  effvironment. 

Here  again,  the  modelers  cannot  be  blamed. 
The  worid  in  which  they  operate  is  not  dominated 
by  concepts  of  ecological  or  social  class  structure. 
Its  data  are  aggregated  in  political  categories,  not 
by  income  groups  or  in  ecologically  meaningful 
units.  The  questions  critics  have  most  frequency 
asked  the  modelers  have,  probably  not  been 
strongly  oriented  toward  ecology  or  social  equity. 
Under  the  circumstances  one  would  have  to  be 
personally  dedicated  in  an  obstinate  way  to  social 
equity  or  environmentalism  to  persist  with  repre- 
sentations that  would  speak  to  questions  such  as 
the  fate  of  poor  farmers,  the  firewood  crisis,  or 
destruction  of  agricultural  lands  through  inade- 
quate environmental  management. 

There  are  other  environmental  questions,  how- 
ever, that  the  model  could  be  adapted  to  address. 
These  include  calculation  of  amounts  of  pollutants 
generated,  land  disturbance  through  mining,  and 
effects  of  climatic  change.  Presumably,  these 
questions  would  be  incorporated  into  the  model  if 
an  interested  client  were  found  to  support  the 
necessary  work. 

Structure 

Like  World  2  and  World  3,  the  Mesarovic- 
Pastel  \<'orld  model  can  be  seen  as  a  carrying 


capacity  worid  model  with  populations  of  men 
and  machines.  However,  Worid  2  and  3  included 
one  populatKHi  of  nrKn  and  one  or  two  populations 
of  machines.  By  contrast,  the  Mesarovic-Pestel 
model. includes  a  dozen  or  so  geographically 
differentiated  human  population  groups  (the  exact 
number  varies  in  diflferent  versions  of  the  model), 
each  divided  into  85  age  categories.  It  also  in- 
cludes about  half  a  dozen  categories  of  machines, 
two  sources  of  agricultural  capital,  capital  for 
producing  fish,  mineral  extracting  capital,  and  so 
on.  Most  of  these  are  geographically  differentiated 
and  some  arc  disaggregated  again  into  usage 
categories.  For  example,  in  each  region  five 
varieties  of  energy  capital  ap»-iis6bgnized  and  as 
many  as  19  varieties  of  industrial  capital. 

Correspondingly,  the  model's  carrying  capacity 
is  much  more  complex  than  that  of  Worid  2  or 
Worid  3.  Its  most  binding  resources  appear  to  be 
oil  (petroleum),  the  availability  of  oil  substitutes, 
and  agricultuiial  land.  The  model  allows  for  the 
market  to  make  acUustments  between  use  of  one 
source  of  energy  .and  another  and  to  allow  for 
transfer  of  energy  and  agricultural  products  be- 
tween regions.  Thus  one  region*s  carrying  capac- 
ity can,  if  it  had  something  to  trade,  be  extended 
beyond  the  bounds  imposed  by  its  own  resource 
base.  . 

Though  more  complex,  the  carrying  capacity 
constraints  in  the  Mesarovic-Pbstel  model  rre  less 
diverse  than  those  in  Worid  3,.  and  probably  less 
potent  as  well.  Pollution,  in  the  model,  does  not 
decrease  agricultural  prodi^^tivity,  intensive  culti- 
vation does  not  erode  agricultuial  potential  when 
unmatched  by  investment  for  land  maintenance, 
energy  seems  to  be  more  seriously  constrained  by 
the  speed  at  which  new  reserves  can  be  d<;veloped 
than  by  absolute  scarcity,  and  shortages  of  natural 
resources  other  than  energy  cannot  feed  back  into 
the  economic  sector  in  a  way  that  alters  growth 
patterns.  Moreover,  the  man-machine  symbiosis 
appears  to  be  more  strongly  represented  in  the 
Mesarovic-Pestel  model.  Labor  and  machinery 
are  figured  as  complementary  inputs  in  economic 
production  (i.e.,  as  described  below,  ajCobb- 
Douglas  production  function  is  used).  However, 
Mesarovic  and  Pestel  have  added  one  new  way  in 
which  biologkal  limits  can  constrain  human-eco- 
nomic systems— one  that  becomes  pernicious  in 
less  developed  countries.  High  rates  of  staivation 
reduce  the  capital-output  ratio.  Where  agricultural 
production  is  inadequate  and  there  is  little  to 
trade,  therefore,  an  increase  in  population  will 
precipitate  reductkni  of  industrial  output — to  the 
detriment  of  investment  and  capital  accumulation. 
Thus  the  model  can  be  expected  to  be  sensitive 
when  it  comes  to  striking  a  balance  between 
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population,  industrialism,  and  agriculturalism  (and 
some  of  the  sensitivity  may  be  a  reflection  of  the 
real  world  situation). 

Carrying  capacity  concepts,  however,  are  not 
the  terms  in  which  the  model  has  usually  been 
viewed.  More  commonly,  it  is  looked  at  through 
the  economist's  eyes.  From  that  point  of  view, 
the  model  is  a  collection  of  regional  models.  Each 
represents  economic  production  using  a  Cobb- 
Douglas  production  function.*  The  capital  for  use 
in  the  Cobb-Douglas  function  is  generated  endog- 
enously  through  investment  processes.  The  popu- 
lation that  provides  labor  is  also  generated  endog- 
enously.  Labor  force  participation  is  a  function  of 
population  age  structure.  In  the  regions  for  which 
they  could  be  produced,  input-output  tables  have 
been  uy"d  to  aUow  a  more  detailed  representation 
of  economic  production.  This  detail  allows  greater 
precision  in  estimating  resource  usage  patterns. 
For  example,  the  models  are  made  more  complete 
by  breaking  gross  regional  products  into  i^ch 
groupings  as  more  energy-intensive,  more  labor- 
inventive,  less  labor-intensive,  etc. 

Broadly  put,  agricultural  investment  in  the 
nruxlel  comes  as  a  spin-off  of  economic  growth — 
with  the  rate  of  investment  regulated  by  the  price 
of  agricultural  products.  Investment  in  agriculture, 
through  encuuraging  land  de^velopment  and  foster- 
ing mechanized  and  fertilizer-intensive  practices, 
increases  agricultural  output  and  food  per  capita. 
So  in  the  long  run,  agricultural  supply  is  a  function 
of  capital  investment  as  constrained  by  land 
resources. 

Demand  for  agricultural  products  is  a  function 
of  income  per  capita.  The  balance  between  supply 
and  demand  for  agricultural  products  determines 
price,  which  in  turn  can  induce  or  discourage 
investment  in  agriculture. 

Energy  production  and  resource  production, 
like  economic  output  in  general,  are  driven  by 
accumulations  of  capital  stock.  Here  again,  invest- 
ment is  partially  controUed  by  price— the  higher 
the  resource  price,  the  greater  the  investment  in 
resource. capital.  And  again  the  price  is  deter- 
mined by  the  forces  of  supply,  and  demand. 
Demand  for  energy  in  resources  is  a  function  of 
economic  output. 

In  both  the  agricultural  and  resource  structures, 
capital  accumulation  and  the  dispersion  of  unused 
resource  supplies  eventually  put  the  system  up 
against  natural  constraints.  In  the  agricultural 
system,  investment  eventually  brings  the  system 

*  In  Its  standard  form, 

Output  -  labor  X  capital'  "  x  factor^, 
a.  the  time  factor,  and  r  are  statistically  estimated  constants 
The  time  factor  is  often  equated  with  technological  advance 


to  a  state  in  which  the  results  of  further  invest- 
ment are  subject  to  rapidly  diminishing  returns. 
This  stifles  further  agricultural  growth.  In  the 
energy  and  resource  submodels,  production  u^ies 
up  reserves.  While  reserves  may  be  replenished 
by  further  resource  discoveries,  a  time  comes 
when  there  are  no  more  undiscovered  reserves  to 
be  developed.  Actually,  as  formulated,  undiscov- 
ered reserves  will  never  be  totally  exhausted,  for 
the  model  is  structured  in  such  a  way  that  the 
resource  discovery  rate  is  proportional  to  the 
fraction  of  the  original  total  of  stock  of  reseives 
remaining  undiscovered.  Thus  discoveries  will 
approach  zero  as  all  of  the  undiscovered  reserves 
come  to^be  discovered. 

Falling  off  of  the  discovery  rate  means  that 
reserves  are  not  replenished  and  supply  shortfalls 
drive  up  price.  Because  the  model  accounts  for 
substitution  between  fuel  types  governed  by 
cross-price  elasticities,  when  resource  depletion 
causes  escalation  of  energy  prices,  the  price 
mechanism  will  cause  the  system  to  shift  to  the 
use  of  sources  of  energy  other  than  the  one  that 
was  depleted.  Shortfalls  in  energy  supply  also 
curtail  economic  growth,  so  that  in  the  event  of 
an  energy  shortage,  the  capital  ratio  of  the  model 
goes  up.  Higher  capital  output  ratios  obviously 
reduce  output.  *  r 

Much  of  what  has  just  been  described  is  miti- 
gated by  international  trade.  In  most  cases,  supply 
and  demand  shortfalls  and  excesses  stimulate 
international  trade.  Goods  will  then  flow  from 
region  to  region,  as  constrained  by  trade-policy 
barriers  and  limitations  of  balances  of  payments. 
Adjustments  are  added  as  appropriate  to  compen- 
sate for  the  cost  of  transport  and  tbajknv  for 
regional  differences  in  price. 

In  addition  to  being  viewed  in  carrying  capacity 
terms  and  in  economic  terms,  the  model  structure 
can  be  viewed  as  a  computational  sequence,  as  in 
Figure  26-2.  The  sequence  might  be  expected, 
perhaps,  to  follow  the  hierarchical  order.  How- 
ever, this  does  not  seem  to  be  the  case. 

Conclusions 

It  is  hard  to  summarize  the  conclusions  to  he 
drawn  from  the  Mesarovic-Pestel  world  model. 
The  modelers  have  reported  their  conclusions  in 
many  places,  but  the  styles  of  reporting,  if  not  the 
conclusions  themselves,  vary  greatly,  depending 
on  the  uses  to  which  they  are  put. 

In  Mankind  at  the  Turning  Point,  it^s  very 
difficult  to  tell  which  conclusions  were  built  into 
the^nodel  and  which  were  drawn  from  it.  Many 
of  the  concepts  stressed  in  that  book  appear  to  be 
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Rgw*  24-1  CompuUtionat  lequenoe  of  the  Metaravic-Peitel  work!  model. 

(Case  Western  Reserve  UtUversily.  Systems  Research  Center) 


a  pnon  conclusions.  For  example,  in  the  itali- 
cizcd*  portion  of  the  Prologue  to  the  book,  the 
authors  conclude:  '7/  is  this  pattern  of  unbal^ 


*Th€  passages  in  it&lics  here  and  in  what  follows  were 
italicized  in  the  original. 


anced  and  undifferentiated  growth  which  is  at  the 
heart  of  the  most  urgent  problem  facing  human- 
ity-^nd  a  path  which  leads  to  its  solution  is  that 
of  orgamic  growth/'^  .  .  ''The  analyses  in  this 
book  extend  over  a  period  of  50  years.  If  during 
this  coming  ha(f  century  a  viable  world  emerges, 
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an  organic  growth  pattern  will  have  been  estab- 
lished for  ntankind  to  follow  thereafter.  If  a  viable 
system  does  not  develop,  projections  for  the 
decade  thereafter  may  be  academic,**^ 

Then  in  the  Epilogue,  they  draw  such  conclu- 
sions as  Underlying  these  limits  *  crises'  is  a  gap 
between  tnan  and  nature  which  is  widening  at  an 
alarming  rate.  To  bridge  that  gap  man  has  to 
develop  a  new  attitude  to  nature  based  on  har- 
monious relationships  rather  than  conquests/*'^ 
The  EpilogiMVContinues: 

Mankind  cannoNi^it  for  a  change  to  occur 
spontaneously  and  foKuitously.  Rather,  man  must 
initiate  on  his  own  changes  of  necessary  but 
tolerable  magnitude  in  time  to  avert  intolerable 
and  massive  and  externally  generated  change.  A 
strategy  for  such  change  can  be  evolved  only  in 
the  spirit  of  truly  global  cooperation,  shaped  in 
free  pardiership  by  the  world's  diverse  regional 
communities  and  guided  by  a  rational  master  plan 
for  lon^-term  organic  growth.  All  our  computer 
simulations  have  shown  quite  clearly  that  this  is 
the  only  sensible  and  feasible  approach  to  avoid 
n^jor  regional  and  ultimate  global  catastrophe, 
and  that  the  time  that  can  be  wasted  before 
developing  such  a  global  worid  systeip  is  running 
out.  Clearly  the  only  alternatives  are  division  and 
conflict,  hate  and  destruction.  •  . 

Unfortunately,  only  a  little  of  the  computer 
output  used  to  generate  these  conclusions  is 
shown  in  the  book,  and  that  little  is  not  identified 
in  a  manner  that  allows  the  reader  to  determine 
which  sections  of  the  model  vere  involved  in 
generating  the  output. 

Elsewhere,  the  modelers  are  more  prosaic  and 
literal-minded  in  reporting  conclusions  about  their 
model.  In  a  document  prepared  for  the  U.S. 
Association  of  the  Club  of  ^Rome  Systems  Re- 
search Center  in  June  1977,  they  report  conclu- 
sions such  as: 

Historical  Scenario  [Fig.  26-3]  indicates  two  dis- 
turbing eventualities  in  the  worid  food  situation: 
(a)  severalfold  increase  in  world  food  prices  (in 
real  terms)  that  wouk)  most  certainly  drive  domes- 
tic food  prices  unbearably  high,  (b)  A  strong 
possibility  of  periods  of  food  shortages  in  various 
regions  of  the  world  which  would  lead  to  starva- 
tioit  on  a  disastrous  scale.' 
Scenario  Two  isolationist  26-4]:  Domestic 
tbod  prices  couM  be  kept  down  by  restricting  food 
exports.  Consequences  of  such  an  Isolationist 
Scenario  would-be  truly  disastrous.  Additional 
tens  of  millkms  coukl  starve  (under  favorable  but 
feasible  conditions  of  food  supply)  because  of 
failure|of  USA  to  produce  or  export  food. 

The  nKxlelers  have  used  the  model  to  test  a  large 
number  of  policies,  juid  the  list  of  conclusions 


goes  on  and  on.  The  model  is  versatile,  and  the 
conclusion  list  could  be  extended  almost  indefi- 
nitely, as  long  as  the  modelers  were  funded  for 
resf  ^jTch. 

Like  the  conclusions  extracted  from  Mankind 
at  tne  Turning  Point,  those  above  are  not  sup- 
ported by  clear  references  to  the  nrKxiel  form  used 
to  generate  them.  The  problem  seems  to  be  one 
of  ^oney  and  priority.  Adequate  specification 
woukl  be  an  expensive  and  time-consuming  proc- 
ess, and  the  number  of  people  that  wouki  read  the 
specifications  woukl  be  very  small. 

Presumably  the  exact  specifkations  used  to 
produce  all  published  model-  output  are  on  file 
somewhere,  k>  that  it  would  be  possible  for  a 
highly  Aiotivated  person  with  appropriate  status  to 
examine  them  to  see  what  has  been  assumed  in 
the  process  of  reaching  the  conclusions.  And  it  is 
always  possible  to  ask  the  modelers,  personaUy, 
what  was  assumed.  But  neither  anangement  per- 
mits the  sort  of  active  peer  review  necessary  to 
guitrantee  quality  in  scientific  work,  much  less  to 
open  it  to  public  scrutiny. 

The  matter  of  making  assumptions  available  for 
examination  is  politically  as  well  as  intellectually 
critical.  There  are  a  multitude  of  ways  that  a 
model  like  the  Mesarovic-Pestel  world  model  can, 
deliberately  or  accidentally,  be  rigged  to  produce 
an  outcome.  It  isn't,  for  example,  pointed  out  in 
the  available  documentation  that  the  version  of 
the  model  used  in  making  runs  for  the  U.S. 
Association  for  the  Club  of  Rome  assumed  that 
raw  materials  for  nucleur  power  were  available  in 
unlimited  quantities,  or  that  its  use  posed  any 
significant  problems.  Yet  these  assumptions  must 
have  influenced  the  ene^  self-sufficiency,  fast- 
nuclear  scenario  presented  in  Figure  26-S.  It  could 
lead  to  politically  serious  misconceptions  if  this 
run  were  inteipreted  without  an  understanding  of 
the  assumptions  behind  it.  And  it  is  entirely 
conceivable  that  a  half  dozen  equally  controversial 
assumptions  exist,  unidentified,  in  the  modePs 
computer  piogram. 

The  modelers  have  also  begun  to  put  them- 
selves in  direct  competition  with  other  futurists  by 
using  their  models  to  test  scenarios  and  assump- 
tions made  by  others.  In  a  Systems  Research 
Center  paper  of  September  1977,  prepared  for  the 
U.S.  Association  for  the  Club  of  Rome,  the 
modelers  reported  testing  scenarios  from  Herman 
Kahn*s  book.  The  Next  Two  Hundred  Years, 
They  found  the  Hudson  Institute's  conclusions 
fall  of  errors.  For  example: 

//  is  impossible  to  design  any  energy  program  in 
Western  Europe  or  Japan  which  could,  over  a 
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Figure  26-3.  Hijtorical-pitteni  no-change  scenario,  1975-2020^ 
(Case  Western  Reserve  University,  Systems  Research  Center} 


Jen-yvai  penod.  leduie  enet^y*  demand  and  in- 
trease  prodiiiUon  (\f  vnet^y  p  ni  non-petroleum 
\oufces  suJfuientlY  to  tompensafe  for  the  loss  oj 
(he  Persian  (Julf  h\  l%7  Ihe  Hudson  report 
statement  re^ardini^  the  ease  of  adjustment  to  a 
quuk  disappearance  (^f  oil  resen  es  ts  therefore 


erroneous. 


Scenarios  of  MIT  s  Workshop  on  Alternative 
Energy.  Strategies  were  similarly  tested  and  docu- 
mented in  a  Systems  Research  Center  papcj  in 
November  1977.'^ 

Testing  and  Validation 

That  the  Mesarovic-Pestel  world  model  has 
been  extensively  used  for  policy  testing  has  al- 


ready been  made  apparent.  In  addition  to  policy 
testing,  the  modelers  state  that  their  model  has 
undergone  appropriate  historical  validation.  How- 
ever, the  available  model  documentation  presents 
little  or  no  evidence  of  the  model's  validity. 
Neither  statistical  test  results  nor  evidence  of  the 
model's  ability  to  replicate  historical  patterns  of 
behavior  aic  presented  in  the  ordinary  documen- 
tation 

This  is  not  to  say  that  the  model  has  iu)t 
undergone  validity  testing.  Gholamreza  Mirzakr 
hani,  a  graduate  student,  working  under  Mesa^ 
rovic  at  Case  Western  Reserve  University,  de- 
voted his  M.S.  thesis  to  historical  validation  of  the 
economic  and  trade  model.  Mean  errors  and 
standard  deviations  for  percentages  of  forecast 
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Flfiirc  26-4.  Isolationist  Scenario.  1975-2020.  (Systems  Research  Cemerj 


error  for  model  forecasts  vs.  historical  data  were 
calculated  for  key  model  parameters.  A  f(?w  fairly 
high  (10-30  percent)  rates  of  mean  error  were 
identified.  The  greatest  difficulties  seemed  to  arise 
in  predtcJng  investment  imports,  exports,  and,  in 
some  regions,  values-added  in  sectors  2  and  4 
(unfortunately,  not  identified  in  the  text).  Aside 
from  these  troublesome  areas,  most  mean  errors 
were  under  10  percent,  and  many  were  under  5. 
Ic^graphical  output  of  actual  versus  predicted,  the 
two  fit  into  each  other,  hand  in  glove,  at  some 
limes,  while  at  others  the  divergence  was  signifi- 
cant and  the  model  seemed  to  show  an  entirely 
different  sort  of  behavior  than  the  historical  trend 
(Figs.  26^  and  26^7). 

^  If  there  are  subjects  on  which  the  model  makes 
'significant  errors  in  replicating  historical  trends,  it 


is  important  that  these  be  shown.  Otherwise 
intelligent  criticism  of  the  model  is  blqcked.  Dis- 
plays of  the  modl^ePs  empirical  strengths  and 
weaknesses  have  not  b^en  a  priority  hem  in  the 
modeler's  tight  schedules  and  budget's.  Thus  the 
public  is  left  to  judge,  the  model  without  display  of 
its  validity. 

Documentation 

[XKumenting  the  MesarovicvPestel  woMd  model 
in  a  thorough  fashion  woulU  be  a  Herculean,  not 
to  say  an  unrewarding,,  tasjc.  Much  of  the  material 
that  would  be  needed,  su^h  as  descriptions  of 
how  the  various  paramet^s  were  constructed 
from  the  flimsy  data  spurcA  available  would  be 
tedious,  both  to  read  and  to  write  ^  The  documen- 
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talion  task  is  further  complicated  by  the  facrthat 
the  model  has  not  attained  a  finalized  form. 
Things  written  about  the  model  today  may  be 
inaccurate  tomorrow  and  outright  misleading  two 
years  from  now.  Worse  still,  no^  one  has  been 
willing  to  pay  the  cost  involved  in  careful,  thor- 
ough, organized  documentation. 

Existing  documentation  includes  numerous 
^hort  papers,  such  as  scenario  analyses  and  model 
summaries,  gearei  to  presentation  to  specific 
audiences;  a  fairiy  complete,  though  somewhat 


out  of  date,  description  of  model  equations and 
manuals  designed  for  various  users  at  various 
times. 

The  Mesarovic-Pestel  world  model  is  hard  to 
keep  track  of.  It  is  not  a  single  entity  but  an 
evolving  stream  of  integrating  concepts.  As  with 
most  large  models,  neither  the  pressures  nor  the 
incentives  exist  to  document  this  stream  in  a 
fashion  to  make  it  easy  of  access  and  understand- 
able to  anyone  other  than  those  involved  in  the 
model-building  process. 
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figttrc  2i-4.  Actual  (D*s)  vs.  predicted  (Cs)  consumption 
for  Western  Europe;  one  of  the  nnoders  best  predictions. 
(C  Mirtakhanu  Case  Western  Reserve  University  thesis) 


Figarc  24-7.  Actual  (D*s)  vs.  predicted  (V*s)  value  added  in 
the  Japanese  extractive  industries;  one  of  the  modePs  worst 
predictions.  (C.  Mirzhakhani) 
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In  1972  Aurelk)  Peccei  and  th-  Club  of  Rome, 
upon  the  recommendation  of  Jan  Tinbergen,  com- 
missioned a  team  headed  by  Hans  Linnenmnn  at 
the  Free  University  of  Amsterdam  to  conduct  a 
study  of  the  effect  on  the  global  food  system  of  a 
doubling  of  world  population.  The  resulting  model 
applies  mat*!re  an^ytic  techniques  to  the  age-old 
problem  of  the  'vcrld's  poor  and  the  world's 
hungry.  The  modelers  were  motivated  by  the 
sentiment  that  human  suffering  is  morally  wrong 
and  by  a  desire  to  minimize  world  hunger.  Their 
forthcoming  study,  which  incorporates  the  model, 
opens  with  a  quote  from  Mahatma  Gandhi: 

To  the  poor  man  God  dare  not  appear  except  ih 
the  form  of  bread  and  the  promise  of  work. 

Persons  harboring  such  sentiments  in  the  early 
1970s  cor/ J  only  have  been  distressed  by  the 
bleak  outlook  for  the  ftiture.  The  bad  harvests  of 
'72  and  73  intensified  the  forebodings  of  famines 
f  mating  fix)m  the  Club  of  Rome  models  and 
bro6dc£*^t  in  such  popular  works  as  Famine  1975 
and  The  Population  Bomb.  The  modelers  observe 
in  their  sludy:  ''The  historical  record  suggests  that 
Lunger  and  malnutrition  have  remained  with  us 
throughout  the  decades,  affecting  more  and  more 
people  as  time  passes."  The  observation  is  fol- 
lowed by  questions:  Why  is  it  so?  Is  it  true  that 
the  world  is  dangerously  close  to  the  limits  of  its 
capacity  to  produce  food?  Or  is  it  a  problem  of 
distribution?  Are  there  ways  open  to  the  poorer 
nations  to  improve  their  food  situation  a  a  stable, 
self-sufficient  way*/* 

These  are  fhc  questions  that  are  addressed  by 
the  Linnemann  team's  MO!RA  (mode"  of  interna- 
tional relations  in  agriculture).  In  the  modelers' 
words,  "It  attempts,  firstly!  to  describe  ihe  world 
situation  in  terms  of  its  underlying  causal 
factors  .  .  .  [and  secondly]  to  provide  considered 
judgments  regarding  the  policy  measures  that  may 
redirect  future  developments  toward  improve- 
ments of  the  world  food  situation,  with  special 
emphasis  on  international  policy  measures."^ 

MOIRA  was  supported  by  the  government  of 
the  Netherlands  through  the  Dutch  university 
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system.  A^  of  1973,  more  copies  ot  thv  Club  of 
Rome's  Limits  to  Growth  had  been  sold  in  Dutch 
than  in  any  other  language,^  and  the  sponsorship 
of  the  MOIRA  project  seems  to  have  originated  ' 
from  the  genuine  interest  of  the  Dutch  people  and 
government  in  the  fate  of  the  worid  and  its  people. 
The  project,  which  started  eariv  in  1973,  was  not 
lavishly  endowed.  Funds  and  manpower  were 
tight,  and  the  woric  progressed  slowly.  The  study 
was  substantially  completed  by  the  end  of  1976, 
biit  due  to  manpower  problems  was  not  scheduled 
to  appear  before  1978. 

Method 

If  all  the  computers  in  the  worid  were  to  break 
down,  MOIRA,  of  all  the  models  reviewed  in  the 
Global  2000  Study,  is  probably  the  only  one  that 
v/ould  remain  a  useful  analytic  tool.  The  modelers 
themselves  call  it  an  algonthmic  model.  The  fabric 
of  the  model  is  a  series  of  interconnected,  com- 
monly nonlinear  mathematical  relationships,  sta- 
tistically estimated  from  such  data  as  the  modelers 
could  find.  Documentation  of  the  modelers'  work 
is  interspersed  with  aftalytical  approaches  not 
found  in  other  Global  2000  Study  models,  such  as 
taking  partial  derivatives  of  nonlinear  function^. 
Many  of  the  functions  used  come  straight  out  of 
economic  theory.  Standard  graphical  techniques 
used  in  economics,  such  as  supply  an(  demand 
curves  and  figures  relating  profit  curves  to  cost 
curves  are  used  freely  to  elucidate  tiie  text. 

The  computer  is  used  in  the  model  as  a  device 
to  permit  disaggregation  and  iteration  of  functional 
relationships  that  were  postulated  before  the  com- 
puter  era.  hstead  of  the  one-  or  two-nation 
models  developed  in  pre-computer  economics,  106 
nations  or  groups  of  nations  are  considered. 
Within  each  of  these  (except  for  the  three  cen- 
trally planned  economies),  12  income-occupation 
classes  are  considered.  Thus,  when  th**  classical 
relationship — consumption  as  a  function  of  in- 
come— is  modeled,  instead  of  being  used  once, 
twice,  or  three  times  as  it  might  be  in  a  manual 
model,  it  is  replicated  more  than  1,200  times.  As 
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the  modelers  put  it,  the  model  is  also  ''disaggre- 
gated in  time/*  It  is  solved  by  yeariy  incremems, 
so  that  in  a  50-year  simulation,  these  1,200  curves 
will  expand  into  solutions  of  about  60,000  equa- 
tions— obviously  not  a  ta^sk  to  be  undertaken 
manually. 

In  modeling,  there  seems  to  be  a  trade-off 
between  amount  of  detail  and  degree  of  closmt. 
Analysts  who  attempt  to  close  highly  detailed 
models  and  to  forgo  exogenous  variables  usually 
wind  up  in  rather  lai:ge  messes.  In  this  trade-cff, 
the  Linnemann  ^uup  has  opted  for  detail.  They 
make  it  quite  clear  that  their  model  is  meant  as  a 
partial  model — a  model  of  the  agricultural  sector. 
Critical  variablec  :  growth  of  nonagricul- 
^'ral  gross  domestic  ^uct,  population  growth, 
*he  price  of  fenu.  ct  are  left  as  exogenous 
.es.  The  values  input  for  those  variables  are 
critical  factors  in  determining  model  behavior. 
Thus  the  model  outcome  can  be  looked  at  as  an 
exploration  of  what  the  agricultural  sector  of  the 
worid  might  do  in  the  event  the  worid  economy 
took  this  or  that  hypothetical  turn.  The  modelers* 
discussion  of  methodology  places  a  premium  on 
detail.  Its  lonc  implies  that  they  would  have  built 
a  more  detail^xl  model  were  it  not  for  the  con- 
straints placed  on  them  by  the  lack  of  data.  One 
senses,  however,  from  the  effort  they  have  taken 
to  ovejicome  the  data  constraint  in  the  case  of 
income  distribution,  as  contrasted  to  the  ease  with 
which  they  have  aggregated  all  agricultural  output 
into  units  of  vegetable  protein,  despite  the  exist- 
ence of  voluminous  ffne-grained  data  on  individual 
crops,  that  the  modelers  are  much  more  discrimi- 
nating in  their  use  of  disaggregation  than  the 
methodological  description  implies.  The  implicit 
message  is:  Disaggregate  if  it*^s  important  to  your 
focal  problem;  if  not,  don*t  bother. 

Some  attempt  at  statistical  verification  seems  to 
have  been  made  for  almost  every  equation  in  che 
model.  In  this  process,  cross-sectional  data  has 
consistently  been  used. 

A  strong  attempt  has  been  made  to  avoid 
extensive  use  of  monetary  units  and  to  incorporate 
use  of  physical  units  wherever  possible.  Yield 
functions  are  based  on  analysis  of  photosynthetic 
relationships.  Food  consumption  is  measured  in 
units  of  vegetable  protein. 

In  sum,  MOIRA  is  an  attempt  link  together 
all  the  pieces  of  the  global  agricuhural  scene, 
using  ki-fashioned  tried  and  true  methods.  The 
modelers  make  no  pretense  of  discovering  any- 
thing counterintuitive  or  of  developing  a  new 
methodology  for  looking  at  the  worid.  Rather  they 
have  set  for  theniselves  the  more  humble  (and 


perhaps  more  realistic)  goal  c-f  setting  the  books 
straight  on  the  subject  of  global  agriculture. 

Relevance 

Taken  at  face  value  MOIRA  appears  irrelevant 
for  puiposcs  of  the  Global  2000  Study.  Certainly 
it  is  not  the  ideal  model  of  long-term  relationships 
between  potation  resources  and  enviroiunent. 
Population  is  exogenous;  resources  by  and  lai^e 
are  omitted;  and  the  model  says  nothing  dinxtly 
about  environment.  Problems  such  as  erosion, 
desertificatk>n,  salinization,  and  pollution  are  com- 
pletely excludH.  But  despite  these  omissions,  the 
model  is  far  from  irrelevant.  It  is  based  on  what 
a|q)ears  to  be  the  most  careful  analysis  of  global 
agriclutural  carrying  ci^xacity  ever  to  have  been 
conducted.  The  modelers  began  their  project  by 
developing— from  up-to-date  1974  UNESCO/FAO 
soil  maps — a  detailed  estimate  of  how  much 
biomass  growth  the  nations  of  the  worid  could 
support  and  of  the  o^ital  ccsts  that  would  be 
required  to  develop  lands  for  cultivation.  As  may 
be  recalled  fix>m  the  discussion  of  the  Worid  2 
and  3  models  in  Chapter  29,  agricultural  capacity 
and  the  cost  at  which  it  can  be  extended  is  critical 
in  evaluation  of  probable  work!  futures;  the  anal 
yses  on  which  previous  stuaies  had  depended  for 
their  estimates  were  highly  coi^ectural.* 

The  cstirTiates  of  potential  biomass  production 
and  lark!  development  costs  produced  by  the 
MOIRA  study  are,  admittedly,'  necessarily  rough. 
For  estimating  potential  biomass  production,  a 
formula  for  jrfiotosynthetic  potential  was  used, 
with  appropriate  modifications  to  account  for 
regional  differences  in  soil  quality,  climat  avail- 
^Hlity  of  irrigation,  and  similar  factors.  The  data 
for  making  such  approximations  is  rough,  not  to 
mention  scarce.  Much  of  the  earth*s  land  surface 
has  not  been  subjected  to  careful  soil  surveys. 
Numerous  assumptions  must  be  made  in  specify- 
ing how  much  land  can  be  irrigated.  The  quanti- 
tative relatic  ^ship  between  photosynthetk:  poten- 
tial and  potential  t^  produce  foodstuffs  that  human 
beings  can  consume  can  only  be  guessed  at. 
Furthermore,  as  the  modelers  themselves  state, 
''The  ^^ological  implications  of  such  a  massive 
expansion  of  agricultural  production  remain  rather 
uncertain.**^  Nc  attempt  hac  been  made  to  take 
into  account  the  ecological  problems  associated 
with  monocukures  or  the  problems  of  maintaining 


*A  study  of  this  type  was  conducted  in  coruunction  with  the 
GOL  (grains,  oilseeds,  livestock)  model  descnbed  m  Chap^ 
ter  18.  Stmilarittes  and  differences  between  MOIRA  and 
GOL  are  pointed  out  in  the  Note  at  the  end  of  this  chaptei 
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agricultural  production  in  ecolc^cally  frail  envi- 
ronments. 

Nonetheless,  the  estimates  produced  are  based 
on  the  best  available  data,  using  consistent  tech- 
niques, and  could  be  replicated  and  altered  sys- 
tematically if  one  disagreed  with  the  assumptions 
on  which  they  arc  based. 

The  oKxlel  could  also  prove  highly  useful  in 
^hat  conclusions  could  be  drawn  from  it  by 
inference.  A  geographical  biologist,  operating  from 
data  the  model  generates  on  intensities  of  cultiva- 
tion, could  probably  construct  a  fairly  graphic 
image  of  where  and  when  environmental  problems 
such  af  desertification,  erosion,  and  other  symp- 
toms of  overexploitation  of  land  resources,  can  be 
expected  to  break  out. 


Structure 

MOIRA,  according  to  its  modelers, 

is  a  model  of  international  relations  in  the  ficld  of 
food  and  agriculture  which  is  developed  as  a 
link.ige  of  national  models.  It  describes  the  food 
sector  of  individual  countries,  and  links  these 
sectors  by  means  of  an  equilibrium  model  of 
international  trade  in  food.  At  the  national  level, 
two  sectors  are  distinguished:  agriculture  and 
nonagriculture;  the  rate  of  development  of  the 
jatter  sector  is  (lai^gely)  exogenous.  The  conflict  of 
interest  betweep  the  agriculture  and  nonagricul- 
ture population  is  explicitly  taken  into  account. 
The  agricultural  production  decision  is  described 
for  the  agricultural  sector  [of  a  nation]  as  a  whole; 
the  food  consumption  decision  is  modeled  for 
twelve  income  classes  per  country,  six  classes  for 
each  sector.  Average  food  consumption  per  in- 
come class  is  compared  with  a  country-specific 
food  consumption  norm,  from  which  the  extent  of 
hunger  and  malnutrition  follows.  At  the  interna- 
tional level,  the  role  of  policies  in  developed 
countries  receives  special  attention.' 

The  production  function,  which  is  repeated  for 
each  nation  in  the  model,  is  based  on  the  assump- 
tion that  the  agricultural  sector  as  a  whole  will 
operate  in  a  manner  ihat  maximizes  iU  expected 
income.  However,  actual  income  may  deviate 
from  expected  income  through  unanticipated 
changes  in  crop  prices  or  abnormal  weather. 

Sectoral  income  maxinr^zation,  of  course,  is  a 
mathematically  convenient  assumption,  for  the 
calculus  is  quite  effewtive  in  determining  maxima. 
In  real-world  terms,  however,  income  maximiza- 
tion is  a  strong  and  optimistic  assumption.  Implic- 
itly it  assumes  that  (1)  producers  have  perfect 
knowledge  of  the  situation — barring  possible  mis- 
calculations about  the  weather  and  prices;  (2)  that 


producers  are  free,  willing,  and  able  to  act  on  the 
basis  of  their  perfect  information— that  is,  no 
institutional  barriers  cause  farmers  to  fall  into 
economically  inopportune  modes  of  behavior,  and 
the  agricultural  sector  docs  not  feel  the  effective 
influence  of  social  values  in  conflkt  with  profit- 
maximizing  tactics  (e.g.,  preference  for  leisure 
over  profit,  taste  and/or  religious  sanctions  oper- 
ating against  the  most  profitable  cropping  pattern); 
and  (3)  that  indivkluals  will  operate  in  a  way  that 
maximizes  sectoral  (not  individual)  profits,  despite 
the  fact  that  the  two  are  frequently  in  coirflict. 

Putting  aside  the  question  of  whether  sectoral 
profit  maximization  is  a  realistic  assumption,  the 
next  question  is:  How  is  sectoral  optimum  calcu- 
lated? Maximum  expected  profits  occur  when  the 
difiference  between  production  costs  and  income 
(price  X  output)  is  greatest.  The  costs  tallied  in 
the  model  are  fertilizer  costs  and  capital  costs. 
Prices  of  both  are  exogenous  in  the  model.  The 
quantities  used  are  determined  via  the  optimiza- 
tion procedure  and  take  into  account  a  yield 
response  frinction,  to  be  described  shortly.  Labor 
and  land  are  considered  fixed  means  of  produc- 
tion. Rents  and  agricultural  wages,  therefore,  are 
not  counted  as  costs  but  are  considered  part  of 
farm  sector  income. 

Expected  income  is  the  product  of  expected 
producer  price  and  sectoral  output  minus  produc- 
tion costs.  Expected  producer  price  is  the  average 
of  the  prices  actually  received  over  the  last  two 
years.  Production  costs  are  not  assumed  to  de- 
crease due  to  disembodied  teclmical  progress. 
Output  is  a  nonlinear  function  of  capital  eiriployed 
(CE),  labor  employed  (LE),  available  land  (A), 
and  four  coefficients — one  (YASY)  indicating  the 
region's  maximum  photosynthetic  potential  and 
three  (a,  y)  describing  the  shape  of  the  curve 
by  which  it  will  ^proach  that  potential  with  the 
application  of  proper  inputs.*  Because  labor  and 
land  are  considered  fixed  inputs,  capital  is  the 
only  factor  that  the  producers  may  vary  in  quest 
of  maximum  incomes.  (Fertilizer  usage  is  deter- 
mined in  the  model  as  a  dependent  jfunction  of 


*The  equations  used  are. 

YASYZ 
YASY  4  Z 

where  V  =  yields.  Z  -  yield  response  factor,  a,  f3  and  y 
are  coefTictents.  A  =  land  available.  CE  =  capital  employed. 
LE  labor  employed,  and  YASY  ^  maximum  photosyn- 
thetic potential  (national  average). 
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yield;  by  varying  capital,  one  automatically  varies 
fertilizer  usage.) 

CoefiFicient  values  for  the  function  have  been 
statistically  estimated,  but  the  desired  data  was 
not  always  available  and  some  rather  sketchy 
proxie$  had  to  be  used.  For  examine,  data  on 
tractors  had  to  be  used  to  represent  capital 
employed.* 

Output,  as  determined  by  thr  producer's  pro- 
duction function  is  fl'ther  modified  by  weather. 
^  The  modifications  made  are  based  on  the  assump- 
tion that  future  weather  patterns  are  likely  to 
resemble  those  of  the  past.  The  assumption  is 
implemented  by  the  use  of  exogenous  data  in^ts 
that  impose — on  the  production  functions — varia- 
bilities in  yield  that  replk:ate  historically  observed 
(mostly  weather-induced)  annual  variations  in 
yieW. 

In  the  usual  fashion  of  nlarket  models,  MOIRA. 
aler  calculating  supply,  balances  it  against  de- 
maiiu.  But  the  modelers  are  not  so  naive  as  to  do 
this  directly.  They  recognize  that  there  is  often  a 
great  difference  between  agricultural  crop  prod- 
ucts— the  output  that  their  model  calculates — and 
the  real-woild  demand  for  food.  For  one  thing, 
much  of  the  veget3>  output  of  many  legions  is 
used  to  feed  livestock.  For  another,  the  amount 
of  econonuc  activity  that  food-processing  sectors 
in  developed  economies  put  into  food  processing 
is  comparable  to  the  economic  activity  taking 
place  on  the  farm.  Thus,  they  model  demand  in 
two  stages:  demand  for  vegetal  protein,  and 
demand  for  processing.  Both  are  functions  of  real 
income  per  capita.  Since  real  income  is  a  function 
of  food  and  nonfood  prices,  demand  (itself  a 
function  of  real  income)  is  partially  a  function  of 
food  prices.  Food-processing  demand  functions 
have  been  estimated  separately  for  agricultural 
and  nonagricultural  populations  in  103  nations. 
Protein  demands  are  modeled,  in  addition,  for 
each  of  the  six  income  groups  in  agricultural  and 
nonagricultural  populations,  which  leaves  the 
model  with  over  1,000  food  demand  equations. 

In  the  formulations  used,  consumption  demand 
is  static,  processing  demand  is  dynamic.  Con- 
sumption, measured  in  units  of  vegetable  protein, 
is  determined  by  the  real  income  at  the  time  for 
which  it  is  to  be  estimated.  T!ie  extent  to  whk:h 
food  is  processed  is  constrained  by  the  speed  at 
which  food  processing  can  grow.  Thus,  the 
amount  of  processing  per  unit  of  food  consumed 
in  one  year  is  a  function  of  the  amount  of 
processing  per  unit  of  food  in  the  previous  yeai, 
plus  the  amount  of  additional  processing  brought 
on  by  demand  changes  associated  with  changes  in 


incomes.  Increases  in  the  degree  of  processing 
along  with  the  forces  of  supply  and  demand  create 
changes  in  food  pric^.  Increases  in  food  price  feed 
back  to  lower  real  income  and  thus  decrease  food 
demand.  Quadratk  equationis  are  used  to  relate 
consumption  of  food  to  income  in  all  the  functions 
described  above. 

Supply  and  demand  for  vegetal  protein  confront 
each  of*  ^  through  the  following  model  mecha- 
nism six  agricultural  income  groups  in  each 
country  remove  from  the  total  amount  they  have 
produced  the  amounts  their  incomes  imply  they 
should  consume.  The  remaining  product  is  placed 
on  the  market.  National  markets  buffer  them- 
selves from  the  international  markets  by  tariffs  or 
price  subsidies,  which  are  determined  in  the 
.model  by  a  combination  of  a  set  of  structural 
constants  and  variaoles  indk:ating  per  capita  in- 
come  in  the  agricultural  sector,  the  share  of 
agriculture,  and  GDP.  However,  the  buffering  is 
incomplete,  partly  because  imported  food  is  priced 
at  world  prices  and  partly  because  the  m^elers 
have  allowti  for  a  ^'seepage"  effect  that  tends  to 
drive  domestic  prices  toward  workl  prices.  The 
world  market  balances  the  sum  of  surplus  produc- 
tion figures  from  all  nations  against  the  sum  of 
unfilled  demand  figures.  The  balance  determines 
world  market  price,  which  in  turn  influences 
domestic  prices.  All  this  has' been  accomplished 
through  simultaneous  equations.  Thus,  it  cannot 
be  said  that  one  factor  feeds  back  upon  another, 
rather  that  all  are  simultaneously  determined  and 
interrelated. 

Price  information,  in  turn,  becomes  an  input 
into  the  producer's  production  decision,  which,  in 
turn  determines  supply.  This  entails  genuine  dy- 
namic feedback,  as  production  decisions  are  made 
on  the  basis  of  the  previous  yearns  prices. 

The  product  market  is  augmented  by  a  labor- 
migration  mechanism  that  responds  to  the  differ- 
ence  between  agricultural  and  nonagiicultural  in- 
comes. In  effect,  this  mechanism,  in  the  way  that 
it  links  the  agricultural  labor  supply  in  one  year  to 
the  agricultural  labor  supply  in  the  next  year 
completes  a  negative  feedback  loop.  If  agriculture^ 
laboi  becomes  too  scarce,  it  affects  a  decrease  in 
agricultural  production  and  thus  an  increase  in 
crop  prices.  Increased  prices  will  generate  fiigher 
agricultural  incomes,  and  these  will  tend  to  de- 
crease the  outflow  of  labor  from  agriculture  and 
so  tend  to  stabilize  the  agricultural  labor  force  and 
keep  agricultural  incomes  on  par  with  other  in- 
comes. However,  in  the  fashion  in  which  the 
model  is  normally  run — with  exogenously  intro- 
duced income  growth  of  4  percent  in  the  devel- 
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oped  world  and  7  percent  in  the  less  developed 
natkms — the  loop  would  need  to  be  very  powerful 
to  achieve  the  equilibrium  it  seeks.  Ihe  loop  is 
strongest  when  the  return  on  labor  inputs  is  quite 
high — i.e.,  in  tabor-scarce  agricultural  sectors. 
Therefore,  it  will  come  closest  to  achieving  bal- 
ance between  agricultural  and  nonagricultural  in- 
comes and  to  stopping  outflow  of  labor  from  the 
agricultural  sector  in  less  populated  and  less 
intensely  fanned  regions  of  the  world. 

The  modelers'  schematic  of  the  main  variables 
in  their  model  is  shown  in  Figure  ?7-l.  Superim- 
posed upon  their  diagram  is  thi^  study's  own 
sweeping  generalization  of  the  causal  flows  im- 
plicit in  the  structure. 

What  modes  of  operation  does  the  structure  fall 
into?^  When  the  modeHs  run,  demand  is  regularly 
pushed  upward  by  population  growth  and  by 
increases  in  iiKomc  (both  f^xogenously  generated). 
Rising  demand  leads  to  rismg  prices,  which  stim- 
ulate added  supply;  however,  due  to  the  costs 
associated  with  added  supply,  supply  increases 
more  slowly  than  demand.  Because  the  model 
takes  income  distribution  into  account,  the  rise  in 
prices  is  reflected  across  a  spread  of  people,  some 
of  whom  can — and  many  who  cannot — purchase 
food  at  the  going  market  price.  This  situation 
results  in  many  people  '/demanding"  less  food 
than  they  actually  need.  In  more  meaningful 
tems,  high  food  prices  relative ^to  people's  in- 
comes, result  in  people  going  hungry.  The  model 
tallies  up  the  total  amount  by  which  demands  fall 
short  of  needs  and  dius  arrives  at  an  index  of  the 
magnitude  of  hunger  in  separate  nations  and  in  the 
workl  at  large. 

Testing  and  Validation 

Much  of  MOIRA  is  constructed  around  statisti- 
cally estimated  parameters.  These  are  often  pre- 
sented in  the  text,  along  with  parameters  such  as 
and  /  statistics  that  give  some  indication  of 
statistical  validity,  but  they  are  scattered  through- 
out the  text — at  least  in  the  draft  available  for  this 
Studv— and  not  systematically  set  forth  in  any 
one  place.  Therefore,  anyone  attempting  to  assess 
the  model  as  a  whole  for  its  statistical  validity 
would  find  himself  confronted  with  a  painstaking 
task.  In  the  case  of  estimates  for  maximum 
agricultural  potential,  which  was  calculated  more 
or  less  d<»ductively  through  theoretical  models  of 
photosynthetic  potential  rather  than  inductively 
through  observed  data,  validation  takes  place 
through  presentation  of  crop  yield  statistk:s  from 
various  regions  showing  that  the  yield  calculated 
on  a  theoretical  basis  is  reasonable  on  the  basis  of 


observed  facts.  The  following  passage  is  repre- 
sentatives **Simpson  (1%7)  reports  a  maximum 
yield  of  wheat  in  northwestern  United  States  of 
I4.S  tons  per  hectare.  :r  which  we  calculated  15 
to  18  tons  of  grai.;  .%|uivalent."^  In  the  draft 
reviewed  for  this  Study,  the  model  is  not  validated 
through  comparison  of  modd  outputs  to  historical 
behavior.  That  is,  there  are  no  assurances  of  the 
model's  ability  to  replicate  historical  behavior 
other  than  the  fact  that  it  has  been  calibrat^xl  for 
critical  variables  using  1965-72  time  series  data. 

No  information  has  been  available  on  the  total 
extent  to  which  the  model  has  been  tested.  In  the 
available  documentation,  two  sorts  of  testing  are 
reported.  First,  there  is  testing  of  model  sensitivity 
to  assumed  exogenous  changes — specifically,  to 
different  rates  of  income  growth  in  the  nonagricul- 
tural population  and  varying  rates  of  population 
growth,  as  well  as  alteration  of  income  distribu- 
tion.* Secondly,  there  is  testing  with  a  normative 
intent — specifically,  looking  for  policy  measures 
that  woiild  be  appropriate  to  alleviating  world 
hunger  problems.  Policies  tested  in  these  simula- 
tions include  reductions  of  food  consumption  in 
the  rich  countries,  food  aid  on  a  large  scale, 
market  stabilization,  trade  liberalization,  and 
worf4  food  market  price  policies. 

The  modelers'  presentation  of  these  sensitivil> 
ard  policy  tests  is  admirably  clearheaded  on  two 
points  where  many  modelers  go  astray  in  inter- 
preting their  model  resuhs.  First,  precision  is  not 
confused  with  accuracy.  Indeed,  the  modefers 
vehemently  warn  their  readers:  ^ 

In  view -of  the  imperfections  of  MOIRA  as  a 
model  of  the  real  world,  the  numerical  results 
should  not  be  taken  too  literally.  The  seemingly 
hard  numbers  and  their  variations  over  time  may 
be  interpreted  only  as  indicating  tendencies  that 
wiU  manifest  themselves  in  the  world  food  situa- 
tion under  specific  assumptions — and  the  reader 
will  notice  that  many  ad-hoc  assumptions  had  to 
be  made.' 

Second,  verbal  descriptions  of  mouei  results 
show  acute  consciousness  of  the  extent  to  which 
model  behavior  is  a  function  of  model  structure. 
The  common  tendency  of  confusing  the  model 
with  the  real  work!  is  refreshingly  absent.  For 
example,  in  discussing  why,  in  a  particular  simu- 
lation, high  prices  do  not  stimulate  greater  produc- 
tion increases  in  Latin  Amenca,  the  modelers  give 
as  their  reason:  ''Under  the  assumptions  of  the 
standard  run  ...  the  Latin  American  pnxiuction 
growth  rate  comes  close  to  the  upper  limit  of 
production  growth  of  four  percent  per  annum  built 
into  MOIRA.  ITiis  -.unstraint  ,  .  .  presents  addi- 
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tional  effects  fix)m  further  increases  to  production 
growth." ; 

In  some  cases,  analytic  mathematical  tech- 
niques, have  also  been  umUo  test  model  sensitiv- 
ity^ Specifically,  partial  den^ives  of  some  of  the 
model's  functions  have  beei^aken  in  order  to 
derive  information  on  muhipUer  effects.  This  work 
is  done  sporadically  throughout  tKe  chapters  de- 
scribing model  structure  and  is  n^j^resented 
systematically  in  a  ii^hion  that  allows  the  reader 
to  make  easy  comparisons  or  draw  systematic 
conchisions. 

Assumptions  and  Conclusions 

When  transposed  onto  the  real  worid,  MOIRA 
assumes  that  the  world  possesses  the  following 
attributes: 

•  Agriculture  operates  independently  of  the  rest 
of  the  worid  except  for  the  outside  influences  of 
nonagricultural  GDP  growth  and  population 
growth.  In  particular,  debts\  surpluses,  and 
trade  imbalances  resulting  from  oil  imports  and 
exports  do  not  influence  agriculture;  no  ecolog- 
fcal  problems  are  encountered  other  than  those 
already  reflected  in  historical  yield  response' 
statistics;  and  no  radkral' shift  in  agricultural 
technology  takes  place. 

•  World  prices  for  fi^od  are  established  on  a 
competitive  equilibrium  basis.  Nationa'  prices 
are  modified  by  tariff  policy  but  also  reflect  the 
worid  market  price. 

•  Food  consumptbn  is  a  function  of  price  and 
income.  Implrcitly;  if  the  poor  get  richer,  they 
^yill  repeat>the  pattern  of  increasing  consumi;^ 
tton  of  meat  observed  in  the  currently  wealthy 
nations.  Further,  the  rich  will  continue  to  prefer 
meal  to  vegetable  protein. 

•  The  schedule  of  technical  relationships,  i.e.,  the 
constant  production  parameters  assumed  by  the 
modelers,  is  correct  and  will  remain  unchzmged 
until  the  year  2010,  or  whichever  year  the  model 
is  run  to. 

•  The  agricultural  sector  as  a  whole  operates  in  a 
ay  that  maximizes  expected  sectoral  profits. 

MOWA  has  been  tested  in  two  ways,  resulting 
in  two  types  of  conclusions.  Sensitivity  tests  lead 
to  conclusions  about  the  behavior  of  the  agricul- 
tural sector  under  different  patterns  of  nonagricul- 
tural income  growth,  population  grov^lh,' and  in- 
come distribution.  Policy  tests  lead  to  conclusions 
about  the  ways  in  which  various  instruments  of 
policy  tend  to  influence^^agncultural  prices  and 
production  and,  more  importantly,  the  alleviation 
of  work!  hunger. 

The  standi  run,  to  which  all  other  runs  arc 
compared,  assumes  a  "relatively  high''  rate  of 


growth  for  nonagricultural  GDP.  This  run  shows 
somewhat  more  than  a  doubling  of  food  produc- 
tion by  the  year  2000  and  an  increase  in  average 
food  consumption  per  capita  from  SO  kg  consum- 
able protein  in  197S  to  68  kg  in  2000.  However,  as 
the  nuxlelers  emphasize,  these  seemingly  advan- 
tageous outcomes  are  coupled  with  a  marked 
increase  in  the  number  of  people  suffering  from 
hunger  (defined  as  eating  less  than  two-thirds  of 
the  biological  requirement  for  protein).  The  num- 
ber of  hungry  people  in  the  worid  will  have 
increased  fiom  350  million  in  1975  to  740  million 
in  2000  and  to  1160  million  in  2010.  Likewise, 
over  the  1975-2000  period  the  total  food  deficit, 
measured  in  protein  required  but  not  consumed, 
will  have  increased  from  2.9  billion  to  6.2  billion 
kilograms.  The  above  trends  are  accompanied  by 
a  substantial  increase  in  the  role  of  North  America 
as  a  food  exporter  and  a  decrease  ii  agricultural 
self-sufficiency  in  most  other  regions. 

Sensitivity  tests  were  C9nducted  by  alternately 
reducing  the  rates  of  nonagricultural  GDP  growth 
and  population  growth  by  half.  Under  slower 
nonagricultural  income  growth,  the  quantities  of 
food  demanded,  and  hence  food  prices,  rose  more 
slowly.  Amid  many  other  ramifications  this  scen- 
ario resulted,  on  the  average,  in  35  percent  more 
hunger  than  did  the  standard  run.^^  Halving 
population  growth  rates  v/hile  holding  GDP 
growth  to  its  previously  assumed  rate  resulted  in 
substantially  lower  food  prices  than  in  the  stand- 
ard run,  and  hence  to  relative  depression  in  the 
agricultural,  as  opposed  to  the  nonagricultural, 
sector.  However,  it  did  reduce  hunger.  In  this 
scenario,  the  average  amount  of  hunger  over  the 
I975--2010  period  was  around  30  percent  lower 
than  in  the  standard  run. 

Another  sensitivity  test  was  conducted  by  grad- 
ually reducing  income  inequality  in  the  nonagricul- 
tural sector  in  such  a  way  that  income  inequality 
was  reduced  by  about  half  over  the  1975-^2010 
period.  This  change  greatly  increased  demand  for 
food.  Thus  it  increased  pp':es,  stimulated  produc- 
tion^ regions  with  significant  reserve  agricultural 
production  capacity,  and  increased  the  need  for 
food  imports  in  regions  such  as  South  Asia  where 
the  costs  of  increasing  productk)n  would  be  ex- 
tremely high.  In  this  scenario  in  the  y^ars  after 
1990  (by  which  time  incomes  had  undergone 
considerable  leveling),  worid  hunger  was  reduced 
to  less  than  half  what  it  was  in  the  standard  run.*^ 
In  the  policy  tests,  four  basic  policy  mea.sures 
were  tried  and  evaluated  for  their  success  in 
alleviating  worid  hunger.  These  included  two 
measure's  intended  to  achieve  a  redistribution  of 
available  food  in  the  worid: 
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•  A  reduction  of  food  cotmunption  by  the  rich 
countries;  / 

•  Food  purchases  by  an  I^itemational  food  aid 
organization  (financed  by  the  rich  countries) 
that  would  distribute  this;  food  to  the  underfed 
population  groups. 

The  other  two  measures  were  intended  to  stimu- 
late food  production  in  the  liess  developed  coun- 
tries: 

•  Regulation  of  the  worid  food  market  in  order  to 
stabilize  international  prices  (the  price  tarpet 
pursued  on  the  world  market  was  a  pohcy 
variable  whose  influence  had  been  tested); 

•  The  effect  thiit  liberalization  of  intematk)  lal 
trade  would  have  on  developments  in  th^  world 
food  situatk)n. 

Based  on  the  findings  of  the  individual  policy 
tests,  combinations  of  policy  measures  were  de- 
vised to  find  the  package  that  would  best  he..^  the 
worid  food  supply  over  the  simulation  period. 

To  make  a  long  stoiy  short,  it  was  found  that 
both  reduction  of  food  consumption  by  the  rich 
countries  and  liberalization  of  international  trade 
would  result  in  lowered  food  prices,  decreases  in 
incentives  to  agricultural  production,  and  in- 
creases in  total  worid  hunger.  On  the  other  hand, 
it  was  found  that  food  akl,  at  h  level  requiring 
about  0.5  percent  of  the  rich  nations*  GNPs,  could 
completely  eliminate  hunger,  provided  the  food 
was  purchased  at  prevailiiiig  market  prices  and 
then  given  away.^^  It  was  also  concluded  that 
maintaining  high  and  stable  agricultural  market 
prices  could  stimulate  production  in  the  poor 
countries  to  an  extent  that  Would  reduce,  but  not 
eliminate,  world  hunger.  Logically,  high  food 
prices  tended  to  reduce  agricultural  poverty  but  to 
increase  hunger  in  nonagricultUral  sectors. 

The  policy  package  the  n^odelers  find  most 
effective  includes  three  npliCy  elements — price 
stabilization,  food  aid,  and  price  level  policy.  It  is 
clear  from  the  documentatbni  that  the  modelers 
are  sensitive  to  the  fact  that  they  are  contradicting 
widely  accepted  notions  by  concluding  that  food 
aid  will  not  depress  agricultural  prices  but  that 
trade  liberalization  will.  They  conclude  a  lengthy 
discussion  of  the  operative  effects  of  food  aid  with 
the  following  qualifying  remarics: 

As  long  as  the  rich  countries  are  able  and  willing 
to  provide  the  fiinds  needed  for  buying  food  for 
aid  purposes  and  provided  that  these  transactions 
do  not  constitute  a  large  p^  of  the  total  world 
market  transactions,  there  is  little  possibility  of 
conflict  between  the  objective  of  a  stable  and 
relatively  high  world  market  food  price  on  one 


hand  and  international  food  aid  (actually  given  to 
people  under  the  food' norm  only)  on  the  other..** 

Dociunentntioii 

MOIRA  has  undergone  two  bouts  of  documen- 
tation. The  first  occurred  during  the  preparation 
of  a  paper  to  be  presented  at  a  September  1975  ^ 
symposium  on  the  nxxlels  sponsored  jointly  by 
the  United  Nations  Environment  Progranime  and 
the  Lntemational  Institute  f6r  Applied  Systems 
Analysis.  Thereafter,  documentation  on  MOIRA 
was  expanded  and  revised  and  should  appear  in 
book  form  sometime  in  1978.  The  MOIRA  study 
has  faced  an  additional  problem:  In  prder  to  be 
accessible  to  more  than  the  relatively  small  num- 
ber of  peofrfe  who  read  Dutch,  it  has  had  to  be 
translated  out  of  the  language  in  which  it  was 
written.  ^ 

The  MOIRA  manuscript  made  available  to  the 
Global  2000  St^dy  is  in  various  stages  of  prepara- 
tion, ranging  from  first  to  third  drafts.  For  the 
most  part,  it  comprises  factual  reporting  of  the 
nKxleFs  contents,  assumptk)ns,  and  outputs.  At- 
tempts to  interpret,  dramatize,  or  construct  a 
MOIRA  philosphy  are  relegated  to  the  Introduc- 
tion in  the  manuscript  but  may  eventually  t>e 
incorporated  into  the  final  chapter.  The  bulk  of 
the  work  is  oriented  toward  the  specialist.  Never- 
theless, it  includes  considerable  eiementary  eco- 
nomic theory  with  which  most  reaJers  will  already 
be  familiar. 

Although  the  text  provides  a  good  basic  under- 
standing of  the  model's  operatk)n,  it  js  far  from 
ad^uate  for  the  purpose  of  reconstructing  the 
model  and  testing  its  output.  For  that,  one  would 
presumably  have  to  secure  cpmpuler  programs 
from  the  modelers,  and  it  is  uncertain  whether  the 
programs  so  obtained  would  be  documented  in 
such  a  way  as  to  make  them  usable  to  anyone 
other  than  their  creators.  At  least  in  manuscript 
form,  the  model  documentation  is  not  well  ar- 
ranged for  users  convenience.  For  example,  there 
is  no  complete  listing  of  equations  and  variable 
definitions,  and  the  reader  must  leaf  back  through 
pages  of  text  t^  fmd  the  defmitions  for  variables 
whose  meanings  he  has  forgoxten. 

Note:  MOIRA  bears  a  strong  structural  re- 
semblance to  the  GOL  (grains,  oilseed,  lives- 
tock) model  describeo  in  Chapter  19.  The  most 
significant  difference  between  the  two  models  is 
in  what  they  have  disaggregated.  GOL  has  dis- 
aggregated crops,  whereas  MOIRA  has  mea- 
sured all  af,ricultural  output  in  terms  of  vegetal 
proteins.  MOIRA  has  disaggregated  consumers 
into  12  income  groups,  whereas  GOL  aggregates 
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all  consumers  into  a  jingle  income  class.  In  ef- 
fect, MOIRA  is  more  concerned  with  human  wel- 
fare, and  GOL  with  the  specifics  of  agricultural 
trade.  MOIRA  also  differs  from  GOL  in  that  it 
considers  more  geographical  units — 106  to  be 
exact. 

Aside  firom  these  differences,  the  two  models 
are  alike  in  that  both  are  world  models  disaggre- 
gated into  multiple  geographical  regions.  Both  are 


agricultural  sector  models.  Both  began  from  esti- 
mates of  maximum  production  potential  for  the 
geographical  units  they  encompassed.  Both  lean 
heavily  on  traditional  economic  theories  for  their 
formulations,  and  both  see  the  world  as  being 
controlled  through  market  supplies,  demands,  and 
prices.  Likewise,  both  consider  nonagricultural 
income  growth  and  population  growth  as  exoge-. 
nous  variables. 
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28  The  Latin  American  World  Model 


One  of  the  most  perturbing  questions  that  came 
out  of  the  work  of  Donella  and  Ciennis  Meadows 
and  Jay  W.  Forrester  was  this:  "What  will  happen 
to  the  poor  people  and  the  poor  nations  of  the 
globe  if  natural  constraints  put  the  brakes  on 
economic  growth?"  The  Meadows  group  was 
'  clearly  troubled  by  this  problem.  In  the  final 
I  chapter  of  The  Limits  to  Growth,  they  say  that 
equilibrium  mdy  not  be  so  bad  for  the  poor.  ''It  is 
;  possible  in  the  steady  state  economy  that  new 
I  freedoms  might  also  arise— universal  and  unlim- 
ited education,  leisure  for  creativity  and  inventive- 
r  *ss,  and;,  most  important  of  all,  the  freedom  from 
^  hunger  and  poverty  enjoyed  by  such  a  smalj 
fraction  of  the  worid's  people  today:"*  The  Mes- 
arovic-Pfestel  world  model  leaves  less  hope  for  the 
poor.  In  it,  rich  and  poor  nations  are  grouped 
separately.  Using  this  representation  and  the 
modefs  structural  assumptions,  there  appears  to 
be  no  re^istic  means  of  preventing  massive  star- 
vation in  South  Asia. 

The  Latin  American  worid  model  had  its  origin 
in  the  refusal  of  many  third  world  persons  to 
accept  scenarios  that  suggest  that  the  very  growth 
they  hoped  might  save  them  from  their  poverty  is 
about  to  be  curbed  by  natural  limits.  Basically, 
the  model  says  that  Forrester,  Meadows;  and 
Mesarovic-Pestel  were  asking  the  wrong  ques- 
tions. The  focal  questions  in  the  eyes  of  the 
persons  who  created  the  Latin  American  world 
model  is  not  "What  will  happen  when  the  struc- 
tures in  place  in  the  worid  have  advanced  in  time 
by  20  or  100  years?"  but  rather  "How  can  the 
resources  of  the  world  be  used  most  effectively  to 
improve  the  lots  of  all  people?" 

The  model  assume^^  that  a  well-run,  ideal, 
human-oriented  society  will  be  wise  enough  in  its 
management  of  resources  not  to  be  constrained 
by  natural  li.nits.  In  the  modelers*  views,  the 
ecological  and  resource  problems  that  the  worid 
presently  faces  are  not  inherent  in  the  process  of 
fulfilling  the  needs  of  a  growing  population  but  are 
the  result  of  western  materialism.  In  the  modelers* 
words: 

The  m^jor  problems  facing  society  are  not  physi- 
cal but  sociopolitical.  These  problems  nre  based 


on  the  uneven  distribumn  of  power,  both  between 
natiohs  and  within  nations.  The  result  is  oppres- 
sion and  alienation,  largely  founded  on  exploita- 
tion. The  deterioration  of  the  physical  environ- 
ment is  not  the  inevitable  consequence  of  human 
progress,  but  the  result  of  social  organization 
based  largely  on  destructive  values.^ 

The  origin  of  the  Latin  American  worid  model 
is  described  in  the  Preface  to  the  documentation 
of  that  work: 

The  idea  of  building  this  model  emerged  at  a 
meeting  sponsored  by  the  Club  of  Rome  and  the 
Instituto  'Jniversitario  de  Pesquisas  de  Rio  de 
Janeiro  m  Rio  de  Janeiro  in  1970.  The  meeting 
had  been  held  to  analyze  and  discuss  ''Model 
World  III,**  which  had  been  built  by  a  group 
directed  by  Dennis  L.  Meadows  at  the  Massachu- 
setts Institute  of  Technology.  Out  of  that  meeting 
came  the  decision  by  the  Latin  Americans  present 
to  commit  the  Foundacion  Bariloche  in  Argentina 
to  building  a  model  based  pn  the  points  of  view 
expressed  during  the  debate. 

A  committee  composed  of  Carios  A.  Mallmann, 
Jorge  Sabato,  Enrique  Oteiza,  Amilcar  O.  Her- 

'  rera,  Helio  Jaguaribe,  and  Osvaldo  Sunkel  was 
established  to  outline  the  general  aims  of  the 
project  and  to  effect  its  implementation,  Th*  first 
four  members  of  the  committee  then  produced  a 

^document  stating  the  hypotheses  and  variables  to 
be  used  in  the  model  by  the  end  of  1971.  At  a 
later  meeting  attended  by  all  committee  members 
and  some  specialists,  the  general  features  of  the 
model  to  be  built  were  established. 

Thus,  the  type  of  society — egalitarian,  fully 
participatory,  nonconsuming — ,  the  concept  of 
basic  needs  and  its  central  role  in  the  model,  the 
use  of  a  production  function  with  substitution 
between  capital  and  labour,  the  criteria  with  which 
the  problems  of  natural  Resources,  energy,  and 
pollution  would  be  treated,  and  the  division  of  the 
world  into  regions,  were  defined.-^ 


Method 

In  modeling,  it  is  desirable  that  the  methods 
match  the  purpose.  It  is  appropriate  that  the  Latin 
American  world  model,  which  attempts  to  chart 
an  effective  route  by  which  to  work  for  fulfillment 
of  basic  human  needs,  should  use  different  meth- 
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ods  than  its  predecessors,  which  were  investiga- 
tions of  a  behavioral  tendencies  inherent  in  the 
'  current  world  order.  The  Latin  \mencan  model 
uses  optima]  control  techniques,  that  is,  it  is  a 
mathematical  device  that  seeks  the  *^best"  way  of 
advancing  toward  a  goal — in  this  case  Jh^  exten- 
sion of  life  expectancy. 

Conceptually,  optimization  is  a  simple  method^ 
ology.  In  the  l^tin  Ameiican  world  model,  it  is 
quite  complex.  The  mathematics  that  the  modelers 
have  used  to  describe  the  world's  operating  mech- 
anisms render  the  task  of  kKating  the  optimum 
solution  next  to  impossible.  The  normal  mode  of 
solving  an  optimization  problem  mvolves  setting 
up  analytic  equations  for  a  surface  map  of  possible 
solutions  and  using  a  computer  to  trace  the  slopes 
and  ridges  of  this  map  to  find  its  highest  or  lowest 
point.  However,  the  modelers  have  fr  nulated 
their  representation  of  the  world  in  a  w^y  that  is 
neither  difFerentiable  nor  even  sxpressrble  in  ana- 
lytic terms.  The>  have  conceived  of  a  surface  on 
which  one  cannot  alwa>s  find  slopes.  Moreover, 
the  surface,  which  contams  within  its  specifica- 
tions a  linear  optimization  rout:.ie,  cannot  be 
mapped  using  a  set  of  analytic  equations. 

Indeed,  the  mixlelers  have  come  tlangerously 
close  to  defiming  a  pn  biem  that  they  themselves 
cannot  solve.  In  order  to  calculate  a  solution  the 
modelers  have  had  to  reformufate  the  problem  in 
different  terms,  and  there  is  reason  to  believe  that 
their  redefinition  oY  the  problem  altered  its  solu- 
tion. Even  after  making  simplifications,  the  mod- 
elers found  it  necessary  to  use  sophisticated  and 
esoteric  mathematical  techniques  to  work  the 
calculations. 

Optimal  control  techniques  have  been  used  to 
parameterize  the  model  as  well  as  to  solve  it. 
Instead  of  using  regic^sion  techniques,  such  as 
ordinary  least  squares,  the  modelers  postulated  a 
set  of  functional  relationships  between*  several 
variables,  plugged  into  the  scattered  data  available 
to  them  (for  example,  data  frim  l%()  and  1970 
censuses),  and  devised  an  optimiZxilion  routine  to 
find  the  set  of  parameter  values  that  would 
establi,sh  the  closest  fit  when  the  included  vana- 
bies  were  estimated  simultaneously.  This  tech- 
nique has  the  ;  dvantage  over  standard  econome- 
tric techniques  of  requiring  less  data  and  is  not 
susceptible  to  incoriect  estimations  due  to  inac- 
curate data.  It  also  avoids  some  of  the  statistical 
difficulties  encountered  in  estimating  lelationships 
of  highly  interrelated  systems  of  variables  by 
examining  one  functional  relationship  at  a  time 

On  the  other  hand,  the  technique  has  a  disad- 
vantage: If  the  functional  relationship  postulated 
in  making  the  estimation  is  Incoiiect.  the  method 


may  lead  one  astray.  For  example,  if  a  Cobb 
Douglass  production  function  is  assumed,  the 
method  may  give  reasonable  estimates  for  the 
labor,  capital,  and  tecnnological  coefficients  from 
only  a  few  data  points — assuming  the  system 
possesses  the  sort  of  substitutabiliK  and  the 
complementarity  of  labor  and  capital  assumed  by 
a  Cobb  Douglass  function.  Or,  if  fertility  and  life 
expectancy  are  hypothesized  to  be  an  interrelated 
function  of  several  economic  and  social  indicators, 
the  method  can  estimate  parameters  that  will 
establish  excellent  statistical  fits  through  whatever 
data  piiints  are  available  for  the  hypothesized 
indicators.  However,  if  real  world  demographic 
change  does  not  follow  the  hypothetical  rules  used 
for  making  the  estimation,  this  procedure  will  not 
generate  rehable  forecasts. 

In  summary,  the  Latin  American  group  has 
used  optimal  control  technique  as  its  leading 
methodology.  They  have  used  optimization  both 
in  seeking  a  normative  optimal  solution  and  in 
seeking  to  optimize  the  statistical  Pttings  of  their 
parameters.  The  technique  is  well  suited  to  the 
problem.  OptimizaUon  is  appropriate  to  a  norma- 
tive model,  and  optimal  fitting  techniques  are 
appropriate  xo  the  sparse  data  situations  that  are, 
frequently  encountered  in  dealing  with  TlfTrd 
World  problems.  These^  advantages  are  not  with- 
out cost.  The^  mathematics  involved  are  fairly 
esoteric.  It  would  require  at  least  a  couple  of 
courses  of  graduate-level  mathematics  to  under- 
stand completely  the  model's  mathematical  rou- 
tine. At  a  minimum,  understanding  requires  a  bit 
of  control  the(!ry  and  some  topology.  The  techni- 
cal side  of  the  model  may  well  escape  criticism 
for  the  reason  that  critics  cannot  comprehend  the 
mathematics  used  in  the  model. 

Relevance 

Ihe  mosi  impoHant  way  in  which  the  Latin 
American  world  model  is  relevant  to  the  question 
of  population,  resources,  and  environment  is  the 
spirit  m  which  it  was  conceived,  namely,  that  the 
world  should  seek  to  manage  its  resources  and 
enviionment  m  a  way  that  will  fulfill  the  basic 
needs  of  all  its  people  and  that  the  mixlel  should 
be  directed  towaid  achievfhg  that  end. 

Whereas  the  other  models  considered  in  this 
study  all  ask  the  question  '^Whither  are  the 
mechanisms  of  the  world  economy  carrying  us?" 
the  Latin  Ameiican  world  mixlel  a^ks  the  more 
pi)sitive  question  "What  is  the  most  effective  way 
of  getting  where  we  want  to  go?"  Instead  of 
examining  the  forces  that  seem  most  likely  to 
bung  about  massive  economic  depiivation  an(^ 
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starvation,  the  Latin  American  wor4d  model  ex- 
plores procedures  that  ^oxild  optimize  the  well> 
being  of  the  world's  poor,  ^  v  • , 

The  model  is  also  of 'in^^ft^t  ^because  it  sets 
forth  and  parameterizes  an  lexpficit^and  fairly 
detailed  hypothesis  on  the  forces^-^hat  govern 
fertility,  mortality,  and  life  expectancy.  The  pos- 
tulation  of  this  hypothesis  is  important  because 
the  absence  of  a  dependable  theory  of  demo- 
graphic change  is  one  of  the  major  bottlenecks  to 
accurate  forecasts  of  population,  resources,  and 
environment.  If  the  Latin  American  group's  hy- 
pothesis holds,  it  will  mark  a  great  advance  in 
global  modeling— but  unfortunately,  the  only  ap- 
parent way  of  testing  the  hypothesis  will  be  to 
follow  global  demographic  variables  for  another 
decade  or  two  to  see  if  the  moJel's  behavior  is 
reproduced. 

Aside  from  the  spirit  in  which  'he  Latin  Ameri- 
can world  model  was  constructed  and  the  theory 
behind  its  demographic  sector,  the  model  is  almost 
the  antithesis  of  what  the  Global  2000  Study  is 
seeking.  Rather  than  dealmg  with  the  problems  of 
resources  iyid  environment,  the  modelers  began, 
with  an  assumption  of  no  problems — particularly* 
no  serious  resource  problems.  Their  analysis 
much  resembles  that  presented  by  Herman  Kahn 
in  The  Next  200  Years. 

Some  elementary  physical  constraints  have 
been  mtroduced  into  the  agricultural  sector.  Limd 
development  costs  approach  a  limiting  value  as  all 
of  the  arable  land  becomes  cultivated.*  Yield 
response  to  agricultural  inputs  levels  off  at  a  given 
maximum  output  level. jjDtherwise  potertial  phys- 
•  ical  problems  are  excluded  or  played  down.  The 
costs  of  erosion  control  and  soil  maintenance  are 
included  in  the  costing  functions  for  the  agricul- 
tural sector,  but  since  their  payment  is  automatic, 
the  model  excludes  any  possibility  of  soil  loss  or 
deterioration.  Energy  resources,  minerals,  pollu- 
tion, ecological  destdbilization,  deforestation,  de- 
scilification,  and  other  biological  or  physical  re- 
source problems  in  the  present  worfd  situation  are 
not  considered  in  the  mtxIeTs  formulation. 

This  exclusion  -is  unfortunate,  it  would  be  quite 
desirable  if  a  model  concerned  with  the  normative, 
human  needs  like  the  Latin  American  world 
model  were  combined  with  a  lealistic  representa- 
tion of  some  i.f  today's  critical  and  pressing 
resource  and  environmental  problems. 


•There  is  some  que^tlon  on  this  pt^mt  The  conventions 
used  for  mathematical  opera:ors  m  the  model  dtKumentation 
arc  not  defined  in  the  text,  ami  the  land  development  cost 
equations  are  therefore  not  dearly  defined 


Structure 

The  general  structural  features  of  the  Latin 
American  world  model  have  been  introduced 
indirectly  in  the  preceding  text.  The  model's  basic 
construct  is  an  optimization  problem  in  which  life 
expectancy  at  birth  is  optimized.  The  control 
vaiiables,  whose  allocations  are  altered  in  finding 
the  formula  ihat  maximizes  life  expectancy,  are 
labor  and  capital.  These  two  inputs  are  divided 
between  five  economic  production  sectors,  each 
of  which  directly  or  indirectly  influences  the  life 
expectancy.  Three  of  the  sectors  are  associated 
with  basic  human  needs:  food,  housing,,  and 
education.  The  remaining  two  are  capital  goods, 
which  are  required  for  economic  growth,  and 
other  goods  and  services,  which  have  only  minor 
and  indirect  effects  on  the  system's  behavior. 
Production,  consumption,  and  demographic  func- 
tions are  considered  separately  for  four  regions: 
the  industrialized  countries,  Latin  America,  Af- 
rica, and  Asia. 

,  The  b  AC  production  function  used  for  all 
sectors  and  in  all  regions  is  the  Cobb  Douglass 
production  function,  written  in  a  fashion  that 
assumes  automatic  growth  through  technological 
progress  On  a  sector  by  sector  basis,  the  assumed 
annual  rates  of  technology-induced  growth  are  as 
follows:  capital  goods,  1.5  percent;  food,  1  per- 
cent; housing,  I  percent;  education,  0.5  pei|:ent; 
other  goods  and  services,  1  percent. 

Because  the  controls  in  the  model  are  used  to 
maximize  life  expectancy  at  birth,  the  mechanisms 
by  which  capital  and  labor  allocations  impact 
upon  life  expectancy  (in  other  words,  the  mecha- 
nisms of  the  demographic  sector)  are  critical  to 
the  way  the  model  behaves. 

The  web  of  causal  influences  assumed  in  the 
model's  demographic  structure  is  shown  in  Figure 
28-1.  This  seemingly  complex  formulation  repre- 
sents one  straightforward  hypothesis.  In  the  mo- 
delers' words:  "The  only  truly  adequate  way  of 
controlling  population  growth  is  by  improving 
basic  living  conditions."^  / 

The  way  that  this  hypothesis  works  itself  into 
the  model's  structure  can  be  seen  in  the  figure  by 
examining  the  variables  that  affect  birth  rates  and 
life  expectancy.  Pronounced  among  these  are 
levels  of  basic  needs  satisfaction — food,  housing, 
and  education.  Increases  in  any  of  these  variables 
will  increase  life  expectancy  and/or  decrease  birth 
rates.  Factors  relating  to  employment  conditions 
have  also  been  taken  into  consideration.  The 
higher  the  percentage  of  the  poptlation  in  agricul- 
ture, the  lower  the  life  expectancy;  the  more 
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labor  in  secondary  sectors,  the  greater  life  expect- 
ancy at  biith. 

*  These  flows  of  influence  are  compounded  in 
that  increases  in  biith  rate  lead  to  increases  in  life 
expectancy;  and  increases  in  life  expectancy  de- 
crease the  birth  rate.  Furthermore,  decreases  in 
the  birth  ratv  (through  slowing  population  growth) 
eventually  lead  to  increases  in  per  capita  availabil- 
ity of  the  output  of  the  basic  need  sectors.  Thus, 
they  lead  to  funher  decreases  of  t  Ah  rates  in 
stabilization  of  population  with  higher  life  expect- 
ancy. 

In  sum»  investment  in  any  of  the  basic  need 
sectors  and  shifts  towrj*d  industrialized  production 
leads  to  higher  life  ::xpectancy  with  lower  birth 
rates.  The  mathematical  problem  of  the  model  is 
calculation  of  the  distribution  of  resources  among 
the  sectors  that  works  most  effectively  toward 
Chat  end.  However,  direct  allocations  to  fulfill 
needs  are  not  the  only  variables  in  the  equation. 
There  is  also  the  need  and  the  p^issibility  of 
allocating  labor  and  capital  to  the  capital  goods 
secior,  where  they  will  increase  the  capital  avail- 
able for  production  in  all  sectors.  Thus  capital, 
too,  competes  for  resources  in  the  model's  allo- 
cation decision. 

Clearly,  the  manner  in  which  the  model  allo- 
cates resources  will  be  greatly  influenced  by  the 
shapes  and  slopes  of  the  curves  relating  life 
expectancy  to  each  of  the  variables  influencing  it. 
For  example,  if  all  were  linear  functions,  it  would 
always  be  most  effective  to  allocate  pesources  to 
the  variable  whose  effect  on  life  expectancy  had 
the  steepest  slope.  But  this  approach  would  be 
ridiculous,  for  it  would  allow  life  expectancy  to  be 
extended  indefinitely  so  long  as  there  were  more 
resources  to  be  invested.  The  system  of  equations 
that  the  models  have  used^  is  shown  below: 

IE  =  0.05249253!  E^^^^^^  +  0.054749165 
£2  5<w7ii4  .  0.006852093  fi'M«22«45  ^  0  0%324172 
4(;iiHi6027  ^  ^5. 153412 

B  -  -  0.39895642.10  TA^t^mh  _  0  16189216 
/>Si25iHi»  _  0.17435076  +  366  18269 

/£-o««ai2  ^  0.62262631  ^  29  0057 

whvre 

LE     =  Life  expectano  at  birth 
-Enrollment,  deti,  Ids 
100  X  (Matnculated  children  6-18  years  old)/ 
(Total  population  6-18  years  old) 
B      ^  Birth  rate  defin'*d  as  number  of  live  births  per 

1 .000  inhabitants 
AG    =  Percentage  of  the  labor  force  in  agriculture 

~  [  i»tal  caloric  intake  per  person  per  day 
PS     ^  Percentage  of  the*  labc^r  force  in  the  secondary 
sector 


HR    =  Housing  rate  c.fined  as  100  x  (Number  of 
houses)/(Total  population). 

The  notable  thing  about  the  above  equation  set 
is  its  use  of  exponentials,  \  hich  provides  that 
each  factor's  contribution  of  life  expectancy  or 
birth  rates  will  be  subject  to  diminishing  returns. 
This  creates  a  condition  where  the  efficacies  of 
different  allocation  patterns  will  shift  in  rather 
complex  fashion  as  the  model  works  through 
simulated  time,  as  well  as  making  it  impossible, 
under  the  most  ideal  conditions,  for  life  expect^ 
a.icy  to  extend  nr.uch  beyond  70  years. 

The  operations  ol'  the  allocation  procedure  are 
somewhat  more  complicated.  In  many  places  the 
mode!  is  constrained  so  as  to  pem.i*  only  so  much 
increase  in  outpu*  of  a  sector  in  a  given  time 
period.  The  constPiiint  situation  is  further  compli- 
cated by  the  fad  that  tffe  program  allows  the 
mode:  to  violate  some  of  its  constraint  in  the 
process  of  finding,  optimal  solutions.  x 

in  the  course  of  simulated  time,  resource  allo- 
cation will  shift  back  and  forth  between  sectors  as 
Oi.e  or  anofScr  sector  shows  higher  returns  per 
unit  of  labor  u»  capital  added  to  its  production 
processes  Tne  mod^  Ps  parameterization  will  de- 
termine the  relative  importance  of  labor  and 
capital  to  its  five  econr  nic  sectors  as  well  as  to 
the  situations  in  which  each  vector  becomes  a 
priority  area  for  rJlocatijn  of  labor  and  capital. 
The  modelers  state  that  **the  results  of  the  run- 
nings of  the  Model  show  that  education  is  one  of 
the  most  important  factors  on  demographic  evo- 
lution and  particularly  on  life  expectancy.''^  From 
this,  we  infer  that  the  estimated  model  parameter- 
ization has  given  great  weight  to  education  as  a 
factor  influencing  life  expectancy. 

Though  the  education  seci  ,  may  be  the  most 
important  sector  of  the  model  in  terms  of  its 
operation,  the  food  and  agriculture  sector  is  gen- 
erally considered  more  important  by  observers.  It 
is  by  far  the  model's  most  complicated  sector.  It 
contains  three  subsectors:  agriculture,  livestock, 
and  fisheries.  Of  these,  agriculture  is  the  mojt 
important  and  the  most  compl'^x,  containing 
within  Itself  an  optimization  routine  that  allocates 
resources  available  to  agriculture  between  land 
development  and  production  of  agricultural  input. 
It  also  contains  mechanisms  to  account  for  the 
process  of  new  land  brought  into  cultivation 
through  investments  in  land  development.  The 
land  development  mechanisms  include  what 
amounts  to  an  assumption  of  diminishing  return  to 
investment  as  more  land  is  brought  into  cultiva- 
tion. The  cost  of  land  development  is  an  S  shaped 
curve  between  $1,200  and  $6,000  per  hectare  as 
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the  fraction  of  arable  land  under  cultivation  ranges 
from  zero  to  one.* 

The  alternative  use  for  agricultural  capital,  how- 
ever, is  also  subject  to  ..min'shing  returns.  Addi- 
tional fiinds  spent  on  agricultural  input  lead  to 
increasing  input  per  hectare,  but  incremental  yield 
responses,  after  increasing  exponentially,  turn  to 
zeio  past  a  given  level.  Beyond  that  level,  further 
investment  in  agricultural  inputs  will  be  nonopti- 
mal,  and  the  incentive  to  invest  further  will  be  nil. 
As  both  land  developnient  and  investment  in 
agricultural  input  are  subject  to  diminishing  re- 
turns, there  will  be  states  in  the  model's  behavior 
where  agricultural  investment  yields  no  significant 
returns  When  this  happens,  the  optimizing  mech- 
anism wi'  find  it  profitable  to  put  its  money 
elsewhere — in  the  livestock  or  fishery  sector,  or 
away  from  the  food  sector  entirely. 

Two  optimistic  assumptions  are  included  in  the 
formulations  of  the  agricultural  scvtor.  First,  the 
model  assumes  that  the  cost  of  fertilizer  will 
remain  constant  over  the  optimization  period. 
Second,  it  a:isumes  that  food  processing  losses  in 
the  developing  regions  will  automatically  decrease 
every  year  through  the  optimization  prcK^cdure 
until  they  reach  the  rates  found  in  developed 
regions. 

The  fisheries  and  livestock  subsectors  are  rela- 
tively simple.  Both  allow  for  investment  in  pro- 
duction to  increase  yields  up  to  a  maximum 
carrying  capacity  figure.  The  livestock  sector  also 
allows  for  some  of  the  inedible  waste  portions  of 
the  agriculture  sector  to  be  used  for  livestock 
fodder.  It  also  allows  for  excess  agricultural 
products  to  be  used  as  feed  for  livestock  after  the 
dietary  needs  of  the  human  population  have  been 
met.  Food  wastes  and  foods  are*  then  transformed 
into  measures  of  meat  consumption,  using  a 
biological  conversion  efficiency  ratio. 

Note,  in  passing,  that  the  maximum  potential 
fish  catch  used  in  the  model,  one  taken  from  FAO 
(Food  and  Agriculture  Organizai.on)  data,  is  con- 
siderably higher  than  the  maximum  catch  figure 
presented  in  Chapter  7  (120  million  metric  tons 
per  year,  as  opposed  to  60  million).  It  is  also  of 
interest  that  the  model  does  not  accoi;nt  for 
problems  that  might  arise  from  overgrazing. 

The  housing  and  education  sectors  are  straight- 
forward and  similar.  The  costs  of  new  housing 
aiui  education  both  hegm  lo  v\s2  when  basic  needs 


*  This  seems  to  he  ^hal  ihc  dncumcntahon  means,  hut  it  <s 
difTicult  t  -e  how  it  v^ofks  If  the  S  curve  is  used  and 
costs  do  level  at  $6.0(K)  ptr  hectare,  it  would  seem  to  he 
possihle  m  the  model  for  more  than  KM)  percent  of  the  total 
arahle  land  to  he  hrou^ht  into  cultivation 


are  fulfiJl^d.  The  building  of  nfew  houses  is  defined 
in  the  model  as  urbanization.  Education  is  defined 
as  providing  schooling  to  the  6-18  age  group. 
Hip*  ^r  education  is  not  included  in  the  education 
seciu.  but  is  assumed  under  the  category  of  other 
gooas  and  services. 

The  structure  of  the  capital  sector  and  the 
sector  producing  other  goods  and  services  is  not 
dis  issed  in  the  documentation.  It  is,  however, 
sta^^'d  in  the  documentation  of  model  output  that, 
in  the  standard  run,  the  percentage  of  GNP 
allocated  to  other  goods  and  services  is  con- 
strained so  that  it  cannot  fall  below  45  percent  of 
total  production  or  increase  with  respect  to  the 
1970  level  until  basic  needs  have  been  satisfied.^ 
In  ihe  same  text  passage,  it  is  stated  that  the 
maximum  rate  of  investment,  i.e.,  allocation  to 
the  capital  sector,  is  fixed  at  25  percent.  These 
constraints  would  seem  to  have  been  imposed  to 
prevent  the  model  from  allocating  all  funds  away 
from  other  goods  and  services  (which  contribute 
very  little  in  the  model  to  increasing  life  expect- 
ancy) and  to  prevent  the  model  from  allocating 
unrealistically  large  sums  of  investment  in  capital 
(which  drive  economic  growth  through  the  Cobb 
Douglass  production  function).  For  want  of  other 
information,  one  assumes  that  the  model  uses  a 
standard  Cobb  Etouglass  production  function  in 
the  capital  sector  and  the  sector  prod'.icing  other 
goods  and  services. 

The  model  als^  includes  a  simplistic  interna- 
tional trade  sector.  The  modelers'  fundamental 
assumptions  used  for  international  trade  in  the 
model  are  as  follows: 

iu)  As  the  data  for  I960  are  not  complete,  it  is 
assumed  that  the  global  level  of  trade  of  each 
block  for  that  ye^r  is  proportional  to  its  total 
GNP,  taking  1970  as  the  base  year.  The 
volume  o»  trade  for  each  sector  in  1960,  as 
well  as  for  the  years  after  1970,  is  assumed  to 
be  proportional  to  its  contribution  to  the  total 
GNP,  taking  also  1970  as  the  base  year. 

(h)  The  disequilibrium  in  the  balance  of  payments 
of  the  regions  is  gradually  reduced,  until 
equilibrium  is  reached  in  20  years  from  the 
time  of  implementation  of  the  policies  pro- 
posed (1980). 

Although,  as  already  stated,  the  model  is  an 
optimization  model,  in  practice  it  has  two  n.odes 
of  operation.  Over  the  historical  period,  the  mod- 
elers use  it  as  a  simulation  model,  running  it  at 
the  outset  of  a  run  without  use  of  the  optimization 
routine  ?nd  substituting  the  assumption  of  con- 
fop-iiance  to  of  observed  trends  for  the  assumption 
of  optimalizing  behavior  over  the  first  20  or  so 
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years  of  the  model  run.  This  is  done  essentially  as 
a  check  on  model  accuracy. 

Briefly,  the  model's  most  important  structural 
features  from  the  prospective  of  population  re- 
sources and  environment  are:  (1)  The  model 
envisions  a  society  that  allocates  its  capital  and 
labor  in  such  a  way  as  to  maximize  life  expect- 
ancy; (2)  life  expectancy  is  a  function  of  satisfac- 
tion of  basic  needs  and  various  other  social 
indicators;  (3)  economic  output  is  a  function  of 
complementary  inputs  of  labor  and  capital  and  of 
(exponentially  increasing)  growth  induced  by  tech- 
nological advance* by  sector;  and  (4)  agricultural 
yield  and  investments  in  land  development  are 
subject  to  diminishing  returns. 

Other  resources  are  assumed  available  in  unlim- 
ited quantities  and  at  constant  cost:  (5)  Forms  of 
environmental  maintenance  such  as  forest  man- 
agement, soil  conservation,  and  pollution  abate- 
ment, arc  automatic  and  not  subject  to  misman- 
agement (soil  maintenance  has  an  attached  cost; 
other  forms  of  environmental  maintenance  are 
implicitly  free);  (6)  technological  improvements 
contribute,  at  no  cost,  to  economic  production  at 
a  rate  of  0.5-1.5  percent  growth  per  year,  with  the 
magnitude  of  the  contribution  varying  With  the 
economic  sector;  and  (7)  within  an  economic 
region,  income  is  divided  with  complete  equality. 

Testing 

How  ddes  one  test  the  validity  of  a  normative 
model?  One  can  conceptionally  test  it  by  observ- 
ing the  assumptions  implicit  in  its  structure  and 
passing  judgment  on  those  assumptions.  One  can 
also  perform  a  sort  of  experiential  testing  by 
running  the  model  under  varied  assumptions  to 
see  if  it  behaves  reasonably. 

To  some  extent,  the  modelers  have  circum- 
vented testing  difficulties  by  creating  a  model  that 
can  run  both  in  a  normative,  optimizing  mode  and 
in  a  mode  that  supposedly  simulates  past  system 
behavior.  They  routinely  run  the  model  from  I960 
to  1980  using  the  history-simulating  mode  before 
they  perform  the  optimization  run.  As  the  model 
has  been  calibrated  using  1960-70  data,  it  would 
be  seriously  amiss  if  it  failed  to  reproduce  ob- 
served behavior  over  that  time  period,  so  the 
1960-70  run  does  not  constitute  a  meaningftil  test, 
fhe  1 960-70  simulation  seems  to  be  mainly  a 
safety  check  to  establish  that  nothing  in  the  modci 
has  gotten  into  disorder  through  accidental 
changes  of  the  computer  program  or  through  other 
mishaps  that  bedevil  computer  modelers.  On  the 
other  hand,  the  1970-78  phases  of  historical  simu- 


lation, being  outside  the  calibration  period,  do 
constitute  a  meaningful  test  of  the  moders  ability 
to  operate  accurately  in  the  historical  simulation 
mode. 

Since  the  b?MC  operational  stnicture  of  the 
model  is  alterec  iS  the  model  shifts  from  historical 
simulation  to  optimization  mode,  it  is  not  totally 
clear  how  the  model's  ability  to  predict  in  simula- 
tion mode  attests  to  the  validity  of  its  findings 
when  operating  in  optimization  mode. 

The  model  is  run  from  I960  to  2060  in  most  of 
the  runs.  Even  if  the  same  mode  of  model 
operation  were  to  be  applied  throughout  this 
period,  it  is  nol  clear  how  well  an  ability  to 
predict  8  years  in  the  future  can  serve  as  a  basis 
for  judgment  of  ability  to  predict  90  years  in  the 
future,  especially  when  the  model  does  not  con- 
sider energy  problems  and  limitations,  ecological 
viability,  or  other  problems  encountered  in  main- 
taining economic  growth  within  our  fixed  natural 
resource  space. 

Though  there  are  difficult  questions  as  to  how 
to  validate  a  normative  model,  there  is  no  diffi- 
culty about  its  use  for  policy  testing.  The  Latin 
American  world  model  has  been  so  used  for  at 
least  four  tests.  Three  of  the  tests  shown  in  the 
available  documentation  include  (1)  a  standard 
run,  (2)  a  technological  stagnation  run  (in  which 
the  technological  growth,  instead  of  increasing 
economic  production  by  a  steady  0.5,  1.0,  or  1.5 
percent  per  year,*  diminishes  to  zero  between  the 
years  1980  and  20(X)— and  stays  at  zero  there- 
after), and  (3)  a  run  in  which  industrialized 
countries  transfer  capital  (aid)  to  Asia  and  Africa 
beginning  at  a  rate  of  0.2  percent  of  GNP  in  1980 
and  increasing  thereafter  at  a  rate  of  0.2  percent 
pjr  year  until  a  rate  of  c.  pita!  transfer  of  2  percent 
of  GNP  is  achieved.  The  model  has  also  been 
restructured  in  order  to  make  one  additional 
policy  test  (4)  namely,  the  effect  of  income 
distribution  on  economic  growth.  In  this  reformu- 
lation, the  model  was  run  separately  for  15 
regions,  each  of  which  had  its  population  disaggre- 
gated into  six  income  groups.  In  these  runs,  basic 
needs  were  assumed  to  ha^*^  been  satisfied  when 
the  income  level  of  the  poorest  group  reached  the 
level  that  would  allow  satisfaction  rf  basic  needs. 
The  parameter  used  as  an  indicator  of  the 
satisfaction  of  basic  needs  is  the  GNP  per  capita 
at  which  basic  needs  were  met  in  the  standard 
run."  Findings  from  these  four  policy  tests  will  be 
described  below. 


*Different  rates  apply  for  different  sectors 
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Conclusions 

The  standard  run  of  the  model  for  the  industrial- 
ized countries  is  shown  in  Figure  28-2.  Runs  for 
Latin  America  closely  resemble  those  of  African 
countries.  The  findings  in  these  simulations  corre- 
spond to  surprise-free  projections  similar  to  those 
given  in  Herman  Kahn's  The  Next  200  Years. 
GNP  growth  is  steady,  basic  materia  wellbeing 
rises  to  a  level  at  which  all  basic  needs  are 
satisfied,  and  the  economy  steadily  moves  toward 
producing  more  economic  frills  (other  goods  and 
services).  Once  basic  needs  are  satisfied,  popula- 
tion growth  rales  begin  to  stabilize,  leaving  more 
of  everything  for  everyone.  The  only  thing  in 
these  runs  that  does  not  look  like  something  that 
Kahn's  Hudson  Institute  might  have  forecast  is 


the  very  high  rate  of  investment  needed  in  Latin 
America  and  Africa  to  maintain  the  rates  of 
growth  shown.  Both  regions  move  rapidly  toward 
the  maximum  investment  rate  that  the  model  will 
allow,  once  it  bef^ns  using  the  optimization  mode, 
and  stays  at  liidt  rate  (25  percent  per  year) 
throughout  the  entire  simulation. 

However,  in  Asia,  as  can  be  seen  from  Figure 
28-3,  even  optimal  resource  allocation  does  not 
allow  sustained  improvement  of  human  welfare. 
The  modelers  describe  the  run: 

The  problem  in  Asia  arises  in  the  food  sector.  By 
2010,  all  available  land  is  being  cultivated.  There- 
after, economic  effort  in  the  sector  is  devoted  to 
Increasing  livestock  and  fisheries.  This,  howev^er, 
is  not  enough  to  feed  the  growing  population 


*)  (0  04) 
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flfttre  2S-3.  Latin  Amencan  world  model  standard  Mmu- 
lation  for  Asia  (Catastrophe  or  New  Society?  p.  92) 

Key: 
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adequately,  and  consumption  drops  rapidly  to 
below  the  minimum  needed  for  survival. 

The  rapid  increase  in  the  cost  of  producing 
food,  due  to  the  development  of  new  land  for 
agriculture,  takes  resources  from  the  rest  of  the 
economy,  causing  backwardness  and  also  hinder- 
ing the  satisfaction  of  the  other  basic  needs.  In 
summary,  the  delay  in  reaching  adequate  levels  of 
well-being  leads  to  a  sustained  high  population 
growth  rate,  and  a  vicious  circle  develops:  in* 
creased  population  and  the  increased  cost  of 
producing  food  make  it  more  and  more  difficult  to 
satisfy  basic  needs  * 

In  short,  the  economy  of  Asia  collapses  in  a 
fashion  reminiscent  of  the  way  the  world  economy 
collapses  in  the  food-system  constrained  runs  of 
Workls  2  and  3  and  in  the  way  in  which  South 


Asia's  economy  typically  collapses  in  the  Mesa* 
rovic-Pcstel  vorld  model.  In  testimony  to  the 
strong  effect  educatk)n  has  on  life  expectancy  (the 
variable  optimized  in  the  model),  school  enroll- 
ment stays  high  throughout  the  run  (98  percent). 
Housing  improves  steadily  but  quite  slowly 
thrcjughout  the  run  until,  about  the  year  2040,  at 
which  time  the  run  is  terminated.  A  severe  decline 
in  flpod  per  capita  begins  in  the  year  2008. 
Meanwhile,  due  to  the  sustained  high  investment 
rate  lof  25  percent,  economic  growth  continues. 
The  last  20  years  of  the  optimization  run  for  Asia 
are  Aot  shownr  **The  runs  were  stopped  at  the 
year|2040  because  after  that  date  the  indicators 
(particularly  life  expectancy)  ceased  to  have  any 
mcanW."^®  Also,  the  modelers  state,  "The  life 
expectancy  function  is  meaningful  only  when  food 
intake  is  adequate  to  keep  a  person  alive  and  to 
allow  levels  of  physical  activity  that  currently 
exists  in  the  poorer  societies.''  Apparently,  food 
consumption  drops  in  the  model  to  levels  that  one 
woukJ  expect  to  create  rising  death  rates,  at  which 
point  the  model,  which  lacks  mechanisms  by 
which  starvation  can  increase  mortality,  starts  to 
behave  in  a  very  unrealistic  fashion. 

The  results  of  simulations  showing  stagnation  of 
technological  progress  are  disastrous  for  every 
place  except  the  industrialized  countries.  In  Latin 
America  ''the  basic  needs  can  be  satisfied  though 
only  over  a  longer  period  than  in  the  standard 
run,  particularly  in  the  cases  of  food  and 
housing.""  However,  "in  Africa,  as  in  Asia,  the 
minimuoi  objectives  cannot  be  achieved  if  tech- 
nological progress  stops;  the  economic  system 
finally  collapses.  ...  Of  the  basic  needs,  only 
food  reaches  the  target  level,  and  then  only  for  a 
brief  period."*^  In  a  technological  stagnation 
simulation  for  Africa,  for  instance,  investment  in 
capital  formation  falls  off  and  GNP  per  capita 
actually  declines  rather  than  grows  exponentially 
as  it  did  in  the  collapse  of  the  standard  run  for 
Asia.  Population  increases  relendessly.  All  of  the 
basic  needs  sectors,  including  education,  begin  a 
nose  dive  somewhere  between  1990  and  2020. 
Life  expe^ncy  peaks  around  2015  and  declines 
thereaf^r 

Th^tsis  considering  capital  transfer  from  the 
industrialized  countries  to  Asia  and  Africa  have 
the  following  results:  The  industrialized  countries 
grow  faster  because  they  m^  intain  higher  invest- 
ment rates.  They  end  with  n^arkedly  higher  per 
capita  income  than  in  the  standard  run— -$14,250 
as  opposed  to  $9,670  (in  U.S.  dollars).  This  aid 
doesn't  have  much  impact  on  human  welfare  in 
.Asia  and  Africa.  While  it  leads  to  higher  GNP 
growth  (an  infusion  of  capital  obviously  will),  it 
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has  very  little  effect  on  infant  mortality  or  life 
expectancy  and  not  a  great  deal  of  influence  on 
the  amount  of  time  needed  for  ftjifillment  of  basic 
needs.  The  unstated  implication  is  that  capital 
transfer  will  have  a  negligible  effect  on  the  biggest 
upcoming  human  welfare  problem  in  the  woild — 
food  shortages  in  Asia. 

The  tests  on  income  distribution  show  that 
egalitaria.1  distribution  leads  to  much  more  rapid 
fulfillment  of  basic  needs  ("As  can  be  seen,  in 
the  under-developed  countnes.  the  GNP  per  cap- 
ita needed  to  satisfy  the  basic  needs  in  egalitarian 
conditions  is  something  between  3  to  5  times  less 
than  that  required  if  current  income  distnbution 
structures  are  maintained." 

The  conclusions  the  modelers  draw  from  the 
modeling  exercise  are  somewhat  different  from 
those  in  the  above  description.  Here,  we  quote 
tfie  modelers'  conclusions  in  full: 

The  results  of  the  model  .  .  .  demonstrate  that, 
if  the  policies  proposed  here  are  applied,  all  of 
humanity  could  attain  an  adequate  standard  of 
living  within  a  period  a  little  longer  than  one 
generation.  The  satisfaction  of  the  most  essential 
physical  and  cultural  needs,  which  has  been  one 
of  the  central  objectives  of  man  from  his  begin- 
nings, could  be  fulfilled  for  most  of  the  countries 
of  the  Third  World  toward  the  end  of  the  century, 
or  in  the  first  years  of  the  next. 

The  only  problem  of  physical  limitation  that 
arises,  and  which  is  of  a  local  nature,  is  the 
exhaustion  of  the  supply  of  cultivatable  kind  in 
Asia  in  the  middle  of  the  next  century.  However, 
the  large  reserves  of  cultivatable  land  in  other 
regions  could  easily  cover  this  deficit.  Since  the 
effects  of  this  limitation  would  only  begin  to  be 
felt  in  80  years,  Asia  has  enough  time  to  look  for 
its  own  solutions  to  the  problem,  such  as  increas- 
ing the  yield  of  crops,  which  has  been  assumed  to 
be  weU  below  the  theoretically  possible  levels: 
producing  food  from  nonconventional  sources;  the 
application  of  an  effective  family  planning  policy 
that  would  enable  the  population  to  achieve  a 
balance  within  a  shorter  period  than  predicted  by 
the  model;  etc. 

The  model  also  shows  that  it  is  possible  to 
control  population  growth  to  the  point  of  equilib- 
rium by  raising  the  general  standard  of  living, 
particularly  with  relation  to  basic  needs.  This 
equilibrium  could  be  achieved  on  a  global  scale 
well  tefore  the  earth's  capacity  to  produce  food — 
the  only  foreseeable  physical  limitation  within  the 
time  horizon  of  the  model — is  fully  exploited  even 
if  food  production  continues  to  be  based  cn 
currently  available  technology. 

The  obstacles  that  currently  stand  in  the  way  of 
the  harmonious  development  of  humanity  are  not 
physical  or  economic  in  the  strict  sense,  but 
essentially  sociopolitical.  In  effect,  the  growth 


rates  with  which  the  desireu  objectives  are 
achieved  are,  as  was  seen  in  the  previous  chapter, 
those  considered  normal  in  the  current  economic 
situation.  The  goals  are  therefore  achieved  not  by 
very  high  economic  growth,  but  by  a  reduction  in 
nonessential  consumptidb;  increased  investment; 
the  elimination  of  socioeconomic  and  political 
barriers,  which  currently  niTWer  the  rational  use 
of  land,  both  for  food  production  and  for  urban 
planning;  the  egalitarian  distribution  of  basic 
goods  and  services;  and,  in  developing  countries, 
the  implementation  of  an  active  policy  to  eliminate 
deficits  in  international  trade. 

The  growth  rates  necessary  to  achieve  these 
objectives,  and  which  can  be  easily  attained 
without  imposing  intolerable  social  sacrifice,  con- 
trast with  those  required  to  satisfy,  in  approxi- 
mately the  same  period  of  time,  the  basic  needs 
within  the  current  income  st  iicture,  or  the  same 
socioeconomic  organization.  These  economic 
growth  rates,  which  for  developing  countries,  vary 
between  10  and  nearly  12  percent,  are  in  fact 
impossible  to  attain,  for  the  reasons  set  out  in  the 
previous  section.  To  propose  this  type  of  "solu- 
tion," therefore,  is  only  to  propose  a  preservation 
of  the  current  status  quo  and  to  misunderstand  the 
true  causes  of  the  crisis  that  currently  affects  the 
world . 

One  of  the  most  interesting  results  of  the  model 
is  the  light  it  sheds  on  tne  effect  that  possible 
international  aid,  in  particular  the  transfer  of 
resources  from  the  industrialized  countries  to  the 
poor  countries,  would  have.  Even  if  a  greater 
level  of  international  aid  than  that  advised  by  the 
United  Nations  is  implemented,  it  may  contribute 
to  raise  the  level  of  well-being  at  the  time  of 
transfer,  but  in  no  way  decisively.  What  has  been 
seen  with  regard  to  income  distribution  clearly 
demonstrates  that  international  aid,  in  the  condi- 
tions currently  prevailing  in  most  developing 
countries,  would  only  contribute  to  increasing 
spending  by  privileged  sectors,  and  would  have 
little  or  no  effect  on  the  living  conditions  of  the 
majority  of  the  population.  The  effect  of  the 
transfer  of  capital  is  only  significant  for  the  general 
well-being  if  there  are  conditions  of  social  equality 
similar  to  those  proposed  in  the  model. 

International  solidarity  can  take  forms  other 
than  the  net  transfer  of  resources  from  rich  to 
poor  countries.  The  model  shows  the  recover/ 
that  developing  countries  can  achieve  in  economic 
growth  precisely  at  the  decisive  stage  of  attaining 
the  satisfaction  of  basic  needs,  through  the  elimi- 
nation of  a  negative  balance  of  payments.  Tkt 
developed  countries  can  help  to  bring  forward  the 
attainment  jf  this  objective  by  fixing  fair  price^ 
for  the  products  of  underdeveloped  countries  to 
replace  present  prices  that,  rather  th;in  represent- 
ing a  just  distribution  between  the  factors  of 
production  of  the  two  pnxluction  sectors  into 
which  the  world  is  divided,  are  the  consequence 


ERLC 


i 


LATIN  AMERICAN  WORLD  MODEL 


647 


of  an  unequal  distribution  of  economic,  politica 
and  military  power.  Moreover,  with  a  reduction  iif 
their  growth  rates,  as  proposed  in  the  model,  the 
rich  countries  could  contribute  to  relieving  the^ 
pressure  on  available  resources,  helping  the  poor 
countries  indirectly  in  this  way. 

...  It  was  shown  that  in  the  year  2060  (at 
which  the  computer  runs  were  terminated)  there 
would  still  be  inequalities,  expressed  in  economic 
indicators,  between  the  levels  of  well-being  in  the 
developed  and  poor  countries,  particularly  with 
respect  to  Asia,  To  evaluate  correctly  the  signifi- 
cance of  this  remaining  gap,  it  should  be  borne  in 
nnind  that  the  results  of  the  model  over  such  a 
long  period  of  time  could  change  considerably 
with  relatively  small  fluctuations  in  s6me  of  the 
variables  used;  a  moderate  increase  in  the  rate  of 
technological  progre^,  for  example,  could  easily 
close  the  gap. 

Lastly  the  model  shows,  within  the  obvious 
limitations  of  this  type  of  work,  that  the  fate  of 
man  does  not  depend,  in  the  last  instance,  on 
insurmountable  physical  barriers  but  on  social  and 
political  factors  that  man  must  modify.  Their 
solution  is  not  at  all  e^,  because  to  change  the 
organization  and  values  of  society,  as  history  hac 
shown,  is  much  more  difficult  than  overcoming 
physical  limitations.  To  attempt  the  task,  how- 
ever, is  the  only  way  open  to  an  improved 
humanity. 

It  couM  possibly  be  said  that  this  proposal  is 
Utopian,  and  that  it  would  be  more  realistic  to 
propose  solutions  that  involve  less  radical  modifi- 
cations to  the  sociopolitical  structure  of  the  world. 
Those  who  hold  th*s  position  should  be  reminded 
of  the  words  of  John  Stuart  Mill  more  than  a 
century  ago: 

"For  a  }ireat  evil,  a  small  remedy  does  not 

produce  a  small  result:  it  simply  does  not 

prodm  e  any  results  at  all." 

Documentation 

The  available  documentation  on  the  Latin 
American  world  model  is  quite  gocxl.  There  exists 
both  the  nontechnical  Catastrophe  or  Ncn-  S(Kh 
ety  ^  A  Latin  American  World  Model  ^  and  the 


1977  technical  tfandbook  of  the  Latin  American 
Model,  distributed  on  a  limited  scale  by 
UESCO.*The  former  publication  does  not  pre- 
sent model  equations  but  does  a  very  respectable 
job  of  conveying  conceptually  how  the  model 
works,  as  well  as  presenting  model  output  and 
numerous  theoretical  arguments  supporting  posi- 
tions taken  in  the  model.  Descriptions  of  complex 
mathematical  models  are  inevitably  confusing. 
However,  this  book  is  written  in  such  a  way  that, 
for  a  pon-technically  oriented  reader,  it  almost 
always  helps  to  clarify  the  model  without  confus- 
ing the  issues. 

The  modelers  are  humanistic  socialists,  and 
their  values  are  quite  apparent  throughput  the 
documentation.  Often  one  senses  that  they  are 
interpreting  things  through  the  bias  of  their  value 
system.  HcAvever,  these  biases  are  sufficiently 
overt  and  cWarly  stated  so  that  a  reader  who  does 
not  share  the  modelers*  values  can  easily  reinter- 
pret their  normative  statements. 

The  technical  handbook  is  appropriate  for  math- 
ematicians, computer  programmers,  and  mathe- 
matical economists.  It  describes  some  (not  aJl)  of 
the  model  equations  and  goes  a  long  way  toward 
documenting  the  model's  data  base  and  presenting 
references  for  its  conceptual  premises — except  for 
occasional  problems  with  undefined  equations  and 
poorly  identified  symbols.  It  has  an  orderly  ar- 
rangement of  subjects  and  a  consistency  of  usages 
that  spares  the  reader  many  of  the  frustrations 
frequently  associated  with  large  sets  of  equations. 
1  he  computer  program  is  published  along  with  the 
model  documentation  and  is  well  annotated.  Ap- 
parently, it  wouki  allow  a  person  desiring  to  do  so 
to  transfer  the  model  to  another  system  and  use  it 
without  outside  help  from  the  modelers.  This, 
however,  is  a  subjective  impression. 

Documentation  describing  an  application  of  the 
model  to  Brazil  and  a  criticism  of  it  by  the  Science 
Policy  Research  Unit  at  the  University  of  Sussex 
have  also  been  prepared  for  UNESCO  and  distrib- 
uted on  a  limited  scale. 
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The  conclusions  drawn  from  the  World  2  and 
World  3  models  and  the  Mesarovic-Pestel  world 
model  were  obviously  unpalatable  to  poor  nations 
of  the  world  operating  under  the  hope  that  growth 
would  eventually  extricate  them  from  their 
poverty.  Likewise,  the  notion  that  resources  for 
growth  were  beginning  to  run  out  was  unsettling 
to  those  U.N.  agencies  involved  in  formulation 
strategies  for  improving  the  condition  of  the 
world*s  poor. 

The  U.N.  world  model  can  be  considered  a 
manitestation  of  this  discomfort.  In  late  1972,  in 
coiyunction  with  the  International  Development 
Strategy  adopted  by  the  General  Assembly  of  the 
U.N.  in  1970,  Wassily  Leontief  was  asked  to 
construct  a  model  of  the  work!  economy  to  assess 
whether  physical  limitations  to  economic  growth 
would  pose  a  signifkant  obstacle  to  the  economic 
targets  set  forth  in  the  Strategy.  Funding  for  the 
project  was  provided  by  the  Netherlands.  The 
work  had  an  auspk^ious  beginning:  Leontief  was 
awarded  a  Nobel  Prize  in  economics  in  1973.  In 
his  acceptance  speech,  he  described  the  structural 
concepts  on  which  the  model  was  to  be  con- 
structed.* The  task  of  transforming  the  basic 
structure  into  a  working  model  was  undertaken  by 
Anne  Carter,  Peter  Petri,  and  others  at  Brandeis 
University.  Joseph  J.  Stem  of  Harvard  served  as 
coordinatoc  for  the  project. 


Method 

The  U.N.  world  model  sen.  forth  an  input- 
output  view  of  the  world  economy.  The  basic 
elements  of  this  view  are: 

1.  We  cannot  predict  the  future  of  the  world 
economy.  However,  we  can  rule  out  of  our 
expectations  future  scenarios  that  are  internally 
inconsistent  and  thus  impossible 

2.  To  rule  out  internally  inconsistent  expecta- 
tions v^e  need  to  construct  a  model  that  guaran- 
tees internal  consistency.  This  we  can  do  by 
visualizing  the  world  as  a  system  of  interdepen- 
dent processes  in  which 


Each  process,  be  it  the  manufacture  of  steel,  the 
education  of  youth  or  the  running  of  a  family 
household,  generates  certain  output  and  absorbs  a 
specific  combination  of  input.  Direct  interdepend- 
ence between  two  processes  arises  whenever  the 
output  of  one  becomes  an  input  of  the  other: 
Coal,  the  output  of  the  coal  mining  industry,  is  an 
input  of  the  electric  power  generating  sector.  The 
chemical  industry  uses  coal  not  only  directly  as  a 
raw  material  but  also  indirectly  in  the  form  of 
electrical  power.  A  network  of  such  length  com- 
plicates the  system  of  elements  which  depend 
upon  each  other  directly,  indirectly,  or  tDth.^ 

3.  If  it  is  the  world  we  want  to  model,  we  can 
enhance  the  above  visualizatk>n  by  dividing  the 
world  into  regions  and  representing,  separately, 
flows  within  a  region  and  flows  between  regions. 

Mathematically,  the  structure  that  has  been 
used  to  represent  the  above  visualizatk)n  is  quite 
simple,  |ilbeit  immense.  It  is  one  vast  system  of 
simultaneous  linear  equations  wuh  more  un- 
knowns than  equations.  This  system  is  solved 
using  exogenously  specified  values  for  key  varia- 
bles to  make  the  number  of  equations  equal  to  the 
number  of  unknowns.  To  obtain  a  glimpse  of  the 
systems  unfolding  over  time,  the  exogenous  vari- 
ables as  well  as  some  of  equations*  coefficients 
are  projected  forward — in  this  case  by  5-year 
increments  to  the  year  2000— and  the  system  is 
solved  again.  The  system  provides  latitude  as  to 
which  variables  are  to  be  treated  as  endogenous 
and  which  as  exogenous  in  any  given  simulation. 

Probably  the  most  demanding  part  of  construct- 
ing such  a  model  is  gathering  the  data  and  filling 
in  where  data  don*t  exist.  If  one  counts  time- 
updates  for  structural  coefficients,  the  model^s 
number  of  coefficients  is  in  excess  of  10,000.  A 
large  portion  of  these  were  adapted  from  other 
data  bases.  Many  of  them,  most  importantly  the 
input-output  ratios  (technical  coefticients)  for 
some  of  the  world's  less  developed  regions,  have 
had  to  be  estimated  by  means  of  cross-section 
inferences  from  known  data  for  other  regions. 
Statistical  techniques  have  been  used  extensively 
to  work  over  data  and  to  ensure  that  data  from 
one  source  are  consistent  with  data  (fOfn  another. 
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Many  of  the  coefficients  going  into  the  mode] 
are  based  on  the  informed  judgment  of  others. 
For  example,  estimates  for  input-output  coeffi- 
cients for  future  years  have  been  borrowed  from 
the  works  of  many  technological  forecasters. 

Although  in  some  ways  highly  empirical,  the 
method  also  requires  a  good  deal  of  judgment. 
Many  important  decisions  about  how  to  employ 
statistics— for  example,  deciding  how  to  forecast 
trade  matrices  for  the  People's  Republic  of 
China— involve  a  large  amount  of  subjective  judg- 
ment. Likewise,  construction  of  scenarios  is  suffi- 
ciently dependent  on  a  "feel"  for  what  is  impor- 
tant in  the  real  world  and  for  the  model's 
capabilities  that  it  is  more  of  an  art  than  a  science. 


Relevance 

The  U.N.  world  model  can  speak  to  the  follow- 
ing sorts  of  questions:  For  a  given  scenario  of 
population  growth  and  GNP  growth  with  a  speci- 
fied standard  of  pollution  abatement,  how  much 
of  what  riiineral  resources  would  h«ve  been  used 
by  1980,  1985,  1990  or  the  yea-  2000?  How  much 
pollutant  of  various  sorts  would  have  been  gener- 
ated by  thost  same  years?  The  model  also  tells  us 
what  to  expect  in  the  way  of  changing  sectoral 
compositions  of  output  for  growing  economies;  it  - 
iplls  us^the  magnitudes  of  anticipated  trade  flows 
under  a  set  of  simplifying  assumptions  about  the 
mechanisms  governing  international  trade.  The 
model's  strongest  claim  is  that  it  will  give  consist- 
ent forecasts.  That  is,  it  will  not  allow  one  to 
forecast  the  growth  of  one  segment  of  the  econ- 
omy without  taking  account  of  the  demands  that 
that  Segment  places  on  other  sectors  of  the 
economy.  Nor  will  it  allow  users  to  forecast  the 
imports  and  exports  of^a  given  region  without 
making  sure  that  these  are  balanced  against  the 
imports  apdexports  of  other  regions— that  is,  for 
each  pr;^ucfyglobal  imports  equal  global  exports 
^^L/   '■^fe'^"^     ^so  can  go  into  questions  of 
ec<^omic  developpient  in  great  detail— detail  that 
brings  attention  to  the  explicit  structural  details  of 
economic  development.  In  a  sense,  the  model 
prepares  a  sort  of  global  and  national-economic 
shopping  ;ist  for  all  of  the  elements  that  will  be 
required  for  the  world  to  grow. 

Such  exercises  are  quite  relevant  to  planning 
for  long-term  interrelationships  between  popula- 
tion resources  and  environment.  There  is  great 
need  for  internal  consistency  in  our  ''^recasting. 
And  it  is  important  that  we  do  look  at  things  on  a 
matter-of-fact,  item  by  item  basis  in  concrete  real 
terms.  Unless  someone  keeps  careful  and  detailed 


accounts,  it  is  difficult  to  avoid  double  counting 
and  omissions. 

But  the  model  does  not  answer  all  the  relevant 
questions.  When  asked  about  the  model's  treat- 
ment of  the  environment,  Anne  Carter  replied 
frankly  that  it  was  quite  superficial.  ^  She  made  no 
pretense  that  the  tallying  of  pollutants  and  mineral 
and  fossil  fuel  resources  by  the  model  provides 
*  adequate  indices  of  the  state  of  the  environment. 
The  model  does  not  speak  to  the  way  ecological 
systems  will  be  affected  by  the  development  that 
it  forecasts.  It  does  not  keep  track  of  the  states  of 
forests,  grasslands,  bodies  of  water,  soil,  and 
other  natural  systems.  It  cannot  address  the 
firewood  crisis. 

Carter  was  of  the  opinion  that  the  model  could 
be  made  much  mpre  relevant  for  some  of  these 
purposes  by  distinguishing  between  urban  and 
rural  economies.  This,  she  indicated,  would  result 
in  better  inferences  about  stresses  on  land  pro- 
duced by  intensive  agriculture  and  other  land  uses 
as  well  as  a  better  means  of  attacking  problems, 
such  as  concentration  of  pollutants,  that  are 
primarily  urban  affairs. 


Structure 

The  model  consists  of  15  regional  models, 
which  taken  together  represent  the  whole  world. 
In  structure,  these  15  submodels  are  identical. 
Each  has  175  equations  and  229  variables.  The  15 
regional  submodels  are  linked  interface  through 
world  trade  equations.  In  the  following  text  the 
structure  of  the  regional  submodels  is  described 
first,  then  the  manner  in  which  they  are  linked. 
The  entire  world  system  of  equations  is  solved 
simultaneously,  however,  so  no  causal  sequence 
should  be  inferred  from  any  of  the  descriptions. 

Each  regional  model  (Fig.  29^1)  can  be  thought 
of  as  a  device  that  first  calculates  the  economy's 
entire  demand  for  the  products  of  each  of  40 
economic  sectors  (total  demand)  and  then,  from 
total  demand,  estimates  resource  usage,  pollution 
generated,  labor  employed,  and  capital  employed. 
In  fact,  it  is  more  compli(^ated  than  that,  for 
pollution  generates  abatement  activities,  which  in 
turn  add  to  total  demand.  Likewise,  capital  re- 
quirements generate  investments,  and  this  too 
adds  to  total  demand. 

Total  demands  for  the  products  of  each  sector 
are  calculated  in  the  nonral  fashion  of  summing 
up  the  national  income  accounts.  First,  the  final 
demands  are  calculated  by  adding  up  consump- 
tion, government  spending,  and  investment.  To 
final  demands  are  added  those  demands  generated 
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Fifwt  29- 1  Internal  structure  of  a  region  Major  structural  coerficients.  A.  interindustry  ipputs.  B,  composttson  of  investment 
of  consumption.  E.  generation  of  grou  pollution;  G.  composition  of  government  purchases;  K,  capital  inputs.  L.  labor  in  import- 
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in  the  process  of  filling  final  demands  (intermedi- 
ate demands)  and  the  net  of  export  demands 
mmus  import  demands.  (The  input-output  matrix 
IS  used  to  calculate  the  intermediate  demand  from 
the  final  demand.) 

The  model  permits  two  fundamentally  different 
ways  of  looking  at  income  detennination.  One  can 
specify,  exogenously,  target  rates  of  GNP  growth 
tor  the  model's  various  regions  and  let  the  model 
calculate  consumption  endogenously  as  the  resid- 
ual of  what  would  be  left  dVer  after  the  indicated 
investments,  government  expenditures,  etc.,  took 
place.  Alternatively,  one  can  specify  specific  de- 
velopmental constraints  (limits  on  balance-of-pay- 
ment  deficits,  available  savings,  or  labor  force) 
and  have  the  mouel  determine  what  rates  of 
economic  growth  would  be  possible  within  th^ 
specified  constraints. 

The  model  computes  the  investment  rates  that 
.  Will  be  required,  either  to  create  the  industrial 
capacity  needed  for  target  GNP  growth  rates  or  to 
allow  the  growth  rates  determined  by  the  specified 
development  constraints.  Investment  is  divided 
mto  the  following  categories:  plant,  equipment, 
imgalion,  and  land.  The  amount  invested  in  each 
category  is  determined  by  a  set  of  technical 
coefficients  that  relate  investment  needs  to  final 
demand  for  all  of  the  model's  sectors. 

Imports  and  exports,  the  remaining  categones 
contnbuting  (oi  deducting)  from  final  demand, 
compose  the  bridge  that  connects  regional  econ- 
omies to  the  worid  trade  model.  The  modelers 
have  kept  their  representations  of  imports  and 
exports  simple,  almost  artificially  so,  in  order  to 
render  the  complex  problem  of  international  trade 
as  transparent  as  possible  and  to  allow  for  chang- 
ing of  assumptions  at  a  later  date.  Most  regional 
imports  are  determined  via  import-dependence 
ratios,  which  are  exogenously  varied  over  time, 
relating  imports  required  to  output  produced  on  a 
sector  by  sector  basis.  "Import  requirements  are 
then  summed  acioss  regions  and  the  resulting 
world  demands  are  allocated  to  the  regions  as 
exports.  The  allocations  are  accomplished  by 
export-share  coefficients  specific  to  each  traded, 
commodity.  These  regional  export  shares  are 
presently  projected  with  regression  studies  based 
on  hi.stoncal  and  cross  section  data."  In  the  case 
of  manufactured  imports,  dependency  ratios  are 
constant  and  estimated  by  regression  analysis.  For 
exhaustible  resource  commodities  such  as  min- 
erals, "importing  regions  are  assigned  output 
levels  consistent  wiih  the  amount  of  regional 
resource  reserve  still  available,  and  imports  are 
used  to  fill  all  the  remaining  unsatisfied  demands/''* 


Thus  depletion  of  minera'  reserves  induces  in- 
creased importing  of  mineruiS  and  increase'd  inter- 
national trading  in  minerals. 

Minerals,  pollutants,  and  agricultural  products 
are  treated  in  real  terms.  Manufactured  goods  and 
services  are  treated  in  price  terms.  The  use  of 
physical  units,  as  opposed  to  monetary  units,  has 
advantages  for  the  modeler.  It  permits  utilization 
of  physical  data,  such  as  mineral  reserve  esii- 
mates,  while  at  the  same  time  letting  the  modeler 
take  advantage  of  physical  realities,  such  as  the 
laws  of  preservation  of  matter  and  biological  facts 
about  nutritional  needs.  Moving  in  the  direction 
of  these  advantages,  the  modelers  have  departed 
from  the  purely  monetary  flows  found  in  most 
input-output  models  and  have  substituted  a  mixed 
accounting  system,  using  both  real  and  physical 
units. 

Prices  are  generated  in  a  separate  model.  Basi- 
cally the  price  of  sectoral  output  is  equated  to 
sectoral  production  costs.  Production  costs 
change  with  changing  interindustry  structure  (in- 
put-output structures).  These  take  into  considera- 
tion such  matters  as  changes  in  production  effi- 
ciencies, input  substitution  (e.g.,  plastics  for  wood 
and  metals),  and  higher  input  requirement  for 
production  of  mineral  resources  as  resource  re- 
serves become  depleted.  For  some  simulations, 
resource  prices  are  projected  outside  the  model 
and  set  exogendusly.  Consistent  prices  for  all 
other  sectors  are  then  computed. 

Exogenous  forecasts  of  technological  change  in 
each  of  the  regions  are  also  fed  into  the  main 
model.  These  forecasts  were  made  using  cross- 
section  studies  of  the  relationship  between  per 
capita  income  and  interindustry  structure  to  derive 
estimates  of  how  interindustry  flows  would  change 
as  regions  undergo  economic  growth.  Technologi- 
cal  forecasts  were  superimposed  op  these.  Numer- 
ous assumptions  are  unavoidably  put  into  these 
technological  forecasts,  including  controversial  is- 
sues, such  as  assumptions  about  the  extent  to 
which  nuclear  power  will  substitute  for  conven- 
ti'^nn^  energy  sources.  The  huge  number  of  the 
assumptions  made  in  estimating  time  trends  for 
input-output  matrices  makes  for  confusion  when  it 
comes  to  considering  the  model  as  whole.  There 
are  so  many  assumptions  that  one  is  hard  put  to 
evaluate  the  reasonableness  of  the  total  picture. 
Though  the  modelers  tell  us  they  have  been 
moderate  in  their  choice  of  assumptions  and  have 
consistently  utilized   ^nat  seems  to  be  the  best 
guess  of  accepted  experts,  it  would  still  seem 
desirable  to  have  an  easy  way  of  checking  the 
assumptions  used. 
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Testing 

The  U.N.  world  model  needs  a  lot  of  parameter 
testing  and  could  be  utilized  for  a  wide  range  of 
policy  testing.  The  modelers'  limited  time  and 
limited  budgets  have  barely  allowed  them  to 
scratch  the  surface  of  the  testing  that  could  and 
should  be  done.  The  model  contains  a  huge 
number  of  somewhat  arbitrary  parameters.  One 
would  have  a  lot  more  confidence  in  the  model  if 
it  had  been  determined  through  test^^ng  that  these 
parameters  were  not  unduly  sensitive.  It  would 
also  be  useful  to  have  identified  which  parameters 
are  sensitive  in  order  to  ascertain  areas  of  greatest 
uncertainty.  This  knowledge  would  serve  as  a 
basis  for  determining  priorities  for  further  data 
collection  and  research.  That  is.  it  is  much  more 
important  that  a  careful  job  be  done  researching 
parameters  to  which  the  model  is  sensitive  than 
researching  things  that  don't  mucb  matter. 

The  policy  tests  for  which  the  model  has  been 
used  have  generally  conformed  to  the  interests  of 
organizations  commissioning  use  of  the  model.  In 
real  terms,  this  means  that  the  model  has  been 
used  to:  (  \  test  economic  and — to  the  extent  that 
the  model  can  show  environmental  happenings- 
environmental  consequences  of  the  growth  tai^gets 
established  by  the  International  Development 
Strategy;  (2)  examine  the  ramification^  of  resource 
conservation  strategies  for  the  Canadian  govern- 
ment's Economic  Council  of  Canada;  (3)  investi- 
gate for  the  U.S.  Department  of  Commerce  the 
consequences  of  energy  conservation  on  global 
economic  development;  and  (4)  examine  a  few 
scenarios  that  the  modelers  themselves  felt  were 
useful  ^UKl.  meaningful  ./The  results  of  the  Canadian 
study  have  yet  to  be  phhiicly  documented:  results 
of  the  other  three  tesu>  r^llow. 

The  documented  work  done  for  the  U  N.  oper- 
ates around  eight  policy  scenarios.^  As  prescribed 
by  the  Internationa^  Development  Strategy,  most 
of  tbese  are  based  on  exogenously  given  forecasts 
of  population  growth  and  growth  of  income  per 
capita.  The  three  population  and  income  growth 
alt'^riiatives  considered  are  shown  in  Table  29-1. 
The  base  case,  or  standard  forecast,  denoted  UN/ 
B  in  the  taNe,  is  the  case  with  medium  population 
growth  and  high  gross  domestic  product  (GDP) 
per  capita  growth  in  developing  regions  and  mod- 
erate growth  in  developed  regions.  Further  tests 
were  conducted  by  altering  this  base  case  by 
changing  assumptions,  e.g.,  by  a>suming  more 
optimistic  estimates  of  resource  endowments,  as 
well  as  increased  foreign  aid,  constraints  on  bal- 
ance-of-payment  dr^iwits.  and  faster  agricultural 
investment  m  the  iow-income  Asian  countries.  In 


one  final  scenano,  investment,  instead  of  being 
driven  by  taigeted  GDP  growth,  was  presumed  to 
follow  past  trends,  and  GDP  growth  was  gener- 
ated endogenously  according  to  several  con- 
straints: apparently  realistic  baTance  of  payments, 
the  labor  '^able,  and  the  monies  available  for 
investment  after  consumption  had  spent  its  share. 
The  constraints  used  varied  from  region  to  region. 
(This  last  test,  by  the  way,  produces  dim  eco- 
nomic prospects  for  the  developing  world,  and  is 
downplayed  in  the  U.N.  documentation.) 

In  the  process  of  working  out  the  above  policy 
scenarios,  the  modelers  found  that  the  minimum 
targets  for  growth  set  by  the  International  Devel- 
opment Strategy,  if  implemented,  would  barely 
suffice  to  keep  the  gap  between  rich  and  poor 
nations  from  growing,  much  less  to  narrow  the 
gap.  Accordingly,  the  growth  rate  per  capita 
income  in  less  developed  countries  (LDCs)  was 
adjusted  upward  in  such  a  way  that  the  income 
gap  between  LDCs  and  industrialized  countries 
would  just  about  halve  its  proportionate  size  by 
the  year  20(X).  Consistent  with  the  objective  of 
evening  cut  income  levels,  growth  rates  across 
the  board  were  adjusted  so  as  to  be  inversely 
related  to  present  income  per  capita.  The  richer 
regions  were  assumed  to  grow  slowly,  the  poorer 
regions  to  grow  most  rapidly.  The  growth  rate  for 
the  basic  scenarios  used  in  the  model  are  shown 
in  Table  29-2. 

In  the  work  conducted  for  the  U.S.  Department 
of  Commerce,  the  modelers  compared  a  business- 
as-usual  constrained  growth  run  with  one  in  wf  :h 
all  regions  of  the  worid  adopt  the  highest  reason- 
able curtailment  of  fossil  fuel  consumption  over 
the  next  20  years.  Their  conservation  maximum 
was  adopted  from  the  most  extreme  of  the  energy 
conservation  scenarios  prepared  by  Cavendish 
Laboratories  of  Cambridge  University  for  the 
World  Energy  Conference  of  October  1977.  They 
assumed  that  energy  conservation  would  be  ac- 

TABLE  29-1 

Alternative  Assumptions  Concerning  Income 
Targets  and  Future  Population  Growth 


Per  C  apita  GDP 
Population  Growth  Targets 

Developed  Developing  Developed  I'Jeveloping 
Regions      Regions      Regions  Regions 

UN/B  medium     medium        high  high 

UN/ A- 1  low  low  low  high 

UN/A-2  high  high  low  high 

Snunt  Wa^sl!y  I  eondef  e(  tl  Ih  huttm  olfht  V^ntht  l-K,>tu>,tn  Nc*  York 
Oxfo^  l«<77  p  26 
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TABLE  2»-2 

Growth  Rates  and  Incoire  Gap  Under  the 
AsMimptions  of  Basic  Scenarios  X  and  C 
in  the  United  Nations  Model 

Less 

Indus-  Devel- 
tnaiized  oped 
Scenario  Counlnes  Countries 


fiinwih  Kiti' 
(jross  product 

Popuialion 

(Jross  product 
per  capita 

Itu  onii'  \>ap  m  ilw  \  an  2iHm 
(jross  product 
per  capita 


X 
C 
X 
C 
X 
C 


X 

C 


Hvn  cm 

40 
3  6 
07 
06 

3  3 
3  0 

/  />(  s=im) 

769 
7L*5 


72 
69 
23 
20 
4  9 
4  9 


too 

iOO 


complished  by  substituting  labor  and  capitaJ  for 
energy.^ 


Conclusions 

The  tests  described  above  tend  to  the  conclu- 
sion tnat  economic  prospects  for  the  LDCs  are 
not  in  general  optimistic.  For  such  countries  to 
meet  the  targeted  growth  rates,  investment  ratios 
of  unprecedented  magnitude  would  have  to  be 
maintained,  and  consumption  for  private  use  kept 
at  very  low  levels.  For  example,  if  target  growth 
rates  were  kept  up  in  the  year  2000,  none  of  the 
developing  regions. would  have  a  level  of  personal 
consumption  in  excess  of  63  percent  of  income, 
and  none  would  have  a  level  of  private  investment 
of  less  than  20  percent.  It  was  also  found  that  in 
order  to  meet  fcKxi  requirements  in  a  standard 
scenario,  agricultural  production  in  the  year  2000 
would  have  to  be  increased  to  about  four  times 
present  figures.  In  many  places,  higher  rates  of 
increase  were  called  for.  In  low-income  Latin 
America  and  low-income  Asia,  it  was  found  that 
agricultural  output  would  have  to  increase  by 
more  than  500  percent:  in  an  arid  and  tropical 
Africa  and  centrally  planned  Asia,  increases  of 
400  to  500  percent  were  indicated;  in  the  Middle 
East,  the  output  showed  that  a  950  percent 
increase  in  agricultural  output  would  be  required 
to  keep  economic  growth  patterns  on  target.  In 
currently  high-income  regions,  most  of  the  indi- 
cated  itgncultural  growth  rates  were  below  200 
percent.  ^ 


The  findings  on  minerals  were  more  optimistic. 
In  general,  it  was  found  that  mineral  resource 
limitations  would  not  prove  to  be  a  binding 
constraint  on  economic  growth  by  the  year  2000. 
JVith  the  exception  of  lead  and  zinc,  the  model 
did  not  show  the  world  running  out  of  any 
minerals  by  2000. 

'  In  view  of  that  the  fact  that  the  model  proddbes 
use  estimates  for  nine  critical  geologic  resources — 
copper,  bauxite,  nickel,  zinc,  lead,  iron,  crude 
petroleum,  natural  gas,  and  coal—the  forecast  that 
only  lead  and  zinc  are  in  danger  of  being  used  up 
by  2000  is  significant,  although  it  becomes  some- 
what less  significant  if  one  considers  that  World 
3,  which  has  generally  been  called  a  pessimistic 
model,  indicates  that  in  the  aggregate  70  percent 
of  our  mineral  resources  will  remain  in  the  year 
2000.  4n  that  model  shortages  do  not  become 
critical  until  around  2020. « 

Furthermore,  it  is  not  immediately  clear  what  is 
behind  the  conclusion  that  resources  are  ample 
enough  to  last  to  2000.  It  is  known  that  the  model 
does  assume  to  some  unspecified  extent  that 
nuclear  power  and  gasified  coal  will  be  used  to 
substitute  for  petroleum  by* 2000,  also  that  th^v 
model  assumes  active  recycling  of  minerals.'  The  / 
**no  running  out"  finding  can,  thus,  only  be 
interpreted  to  mean  that  we  can  avoid:running  out 
through  apprppriate  technical  solution.  The  mod- 
elers also  conclude  that  the  resources  that  will 
be  available  to  us  will  probably  be  at  a  higher 
cost.  Price,  however,  as  described  earlier,  is  not 
determined  within  the  main  model.  This  conclu- 
sion, therefore,  must  stem  from  either  our  off-line 
analysis  or  from  a  supplementary  model, 

Leont?-rs  analysis  of  the  m<xlel  conclude?  that 
/'although  pollution  is  a  great  problem  for  human- 
ity, it  is  a  technologically  manageable  problem'' 
and  that  the  economic  cost  of  keeping  poDution 
within  manageable  limits  is  not  unbearable.  *® 
Model  output  implied  that  if  fairly  stringent  abate- 
ment standards  were  to  be  applied  to  all  the 
pollutants  now  regulated  in  the  United  States, 
abatement  costs  would  come  to  about  1,4-1.9 
percent  of  gross  product.  Under  less  si.ingent 
standards — and  in  the  model  it  was  assumed  (hat 
less  stringent  standards  would  be  applied  in  coun- 
tries with  lower  income  per  capita  than  the  U.S. — 
the  total  cost  of  abatement  activities  would  come 
to  about  0.5-0.9  peicent  of  gross  prtxiuct. 

In  the  energy  conservation  tests  conducted  for 
the  Department  of  Comm'erce,  the  following  tend- 
encies were  noted:  In  the  developed  regions, 
which  were  modeled  as  having  labor-constrained 
growth  rates,  energy  conservation's  greatest  effect 
was  to  reduce  balance-of-pciyment  deficits.  In  the 
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LDCs,  where  GDP  growth  was  constrained  by 
balance-of-payment  deficits,  energy  conservation, 
in  reducing  balance  of  payment  deficits,  lessened 
the  main  constraint  to  economic  growth  and 
thereby  resulted  in  increased  GDP  growth  as  well. 
In  all  regions,  the  capital  requirements  for  energy 
conservation  caused  the  energy  ccnservation 
scenario  to  require  more  savings,  and  thus  less 
consumption.  The  required  change  ^i  savings 
rales  was  large  enough  to  imply  the  need  for  an 
appreciaole  change  in  distribution  of  money  be- 
tween savings  and  consumption — an  increase  in 
savings  of  aboui  *  7  to  23  percent.  " 

In  policy  tests  of  the  modelers'  own  design,  the 
modelers  constructed  scenarios  to  compare  the 
economic  consequences  for  l^DCs  of  adopting 
standard  patterns  of  development  instead  of  pol- 
lution-intensive expert  strategy.  The  purpose  of 
the  lest  was  to  ascertain  whether  LDCs  vyould  be 
dimming  theii  prospects  for  economic  growth  if 
they  avoided  becoming  specialized  hosts  for  the 
dirtier  induslnes,  which,  presumably,  indu>trial- 
ized  nations  might  like  to  exclude  from  within 
their  boundanes  From  these  Xc^^is,  the  modelers 
concluded  that 

the  pollution-intensive  approach  is  fount^  to  be 
more  expensive  in  terms  of  capital,  and  requires 
more  input.  This  approach  would  also  imply 
sizable  shifts  in  the  output  msx  of  the  developing 
economy  and  might  create  non-negligible  environ- 
mental repercussions.  .  In  sum,  several  eco- 
nomic catena  miligate  in  favor  of  the  conventional 
and  against  the  pcJIulion-intensive  strategy — pro- 
vided, and  this  is  quit:*  impi>i1anl — that  a  choice 
exists  at  all. 

Other  conclusions  emanating  from  the  model 
stuvly  cerllered  on  consequences  of  accelerated 
devclopmcni  in  the  less  developed  counlnes  Most 
important  among  these  weie   (I)  Acceleiated 
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development  would  pr^thiy  jTrir-^f  faster  growth 
of  heavy  industry  than  qf^theNjid  sectors; 
(2)  high  income-elasticities  of  deirand  for  imports 
would  likely  create  severe  balance-of-payment 
problems  for  L[)Cs  under  accelerated  develop- 
ment strategies;  and  (3)  "to  insure  accelerated 
development  general  conditions  ar^  necessary: 
first,  far-reaching  internal  changes  of  a  social, 
political  and  institutional  character  in  the  devel- 
oping countries,  rd  second,  significant  changes 
in  tiie  world  economic  order.  Accelerated  devcl- 
opment  leading  to  a  substantial  reduction  of  the 
income  gap  between  the  developing  and  the 
developed  countnes  can  only  be  achieved  through 
a  combination  of  both  these  conditions." 


Documentation 

The  publicly  available  documentation  of  the 
U.N.  world  model  is  adequate  to  give  an  informed 
reader  a  good  basic  understanding  of  the  model's 
stmcture  and  how  it  operates.  However,  to  gain 
an  understanding  of  its  particulars,  how  it  is 
parameterizeil  where  data  came  from,  and  "  hat 
sorts  of  statist.  :al  measures  are  to  be  associated 
with  which  estimated  parameters,  one  would  al- 
most have  to  personally  discuss  the  question  with 
the  modelers  themselves.  Anne  Carter  informed 
the  Global  2000  Study  staff  that  the  modelers  have 
kept  careful  records  and  that  technical  documen- 
tation is  being  supoiied  to  the  United  Nations. 
Resources  are  not  available  for  documenting  the 
work  for  a  wider  audience.  Furthermore,  the 
modelers  view  their  wo^k  m  current  form 
incomplete  and  would  like  it  to  undergo  confide 
■db',Q  further  testing,  refinement,  and  development 
before  preparing  detailed  diKumentation  for  public 
ciiculation. 
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30  Introduction  to  Model  Comparisons 


The  Global  2000  Study  seeks  answers  to  two 
questions:  What  are  pit>hable  trends  for  global 
pofMiiation,  resources,  and  environment  to  the 
year  2000?  and  How  does  the  complex  institu- 
tional stnicture  of  the  U.S.  federal  government 
derive  its  expectations  about  these  matters?  The 
latter  question  is  examined  to  assess  the  projec- 
tion capabilities  of  agencies  of  the  executive 
branch,  to  d-scribe  their  strengths  and  weak- 
nesses,  and  tc  examine  altemiative  methodologies 
that  might  overcome  weaknesses  that  are  found 
to  exist. 

rhe  methodological  question  has  been  pursued 
in  this  volunnc  as  follows:  First,  the  implications  of 
projection  b;,  means  of  a  colic >.»ion  of  separately 
developed  and  operated  models  have  been  dis- 
cussed in  Chapter  14.  That  discussion  emphasized 
the  distorting  effect  of  making  fragmentary  projec- 
tions of  a  highly  integrated  world.  Second,  specific 
projection  tods  developed  and  utilized  in  federal 
agencies — or  elsewhere  in  cases  such  as  "^^NP 
projections — have  been  described  in  Chapters  15 
through  23.  Third,  in  Chapters  25  through  29*  five 
case  studies  of  nongovernment  global  models  that 
are  more  integrated  than  the  government's  model 
have  been  discussed. 

The  following  chapter  brings  together  loose 
ends  in  the  discussion  of  modeling  methodology 
through  two  exercises.  First,  a  comparison  will  be 
made  of  the  five  nongovernment  integrated 


models.  This  comparison  wiOlress  the  way^  ihat 
models'  conceptual  and  rmithematical  structures 
affect  their  findings  and  conclusions  and  the  ways 
that  institutional  factors  affect  model  conceptuali- 
zation. A  modefs  idea  conleoLis  at  least  coe<^'iai 
with  its  parameterization  in  shaping  the  model's 
projections.  The  text  is  deliberately  weighted  to 
show  that  there  is  more  to  modeling  than  the 
''garbage  in,  garbage  out''  cliche  implies.  In  fact, 
if  this  cliche  has  an  appropriate  application,  it  is 
to  characterize  models  having  .  linear  stnic- 
tures  without  endogenous  feedbaCK. 

Finally,  an  attempt  will  be  made  to  answer  the 
question  ''How  would  the  conclusions  of  the 
Government's  Global  Model  be  different  if  the 
model  were  more  integrated?*'  A  conceptually 
attractive  experimental  approach  has  been  used  to 
tackle  this  question.  Two  of  the  integrated  models 
previously  described  (the  World  3  and  the  World 
Integrated  Model)  were  selected  on  the  basis  of 
their  availability  for  the  experiment  and  were 
restructured  by  breaking  the  internal  feedback 
loops  so  that  they  bore  some  resemblance  to  the 
Government's  Global  Model,  as  described  in 
Chapter  14.  Comparison  of  the  output  from  the 
original  integrated  versions  of  the  modell^  with  the 
results  from  the  less  integrated  modified  versions 
was  then  used  as  a  basis  for  determining  how 
government  projections  would  differ  if  the  govern- 
ment's model  were  more  integrated. 
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3 1    The  Comparisons 


Com  >arison  of  Integrated  Global  Models 

Global  modeling  is  not  yet  on  solid  footing. 
Most  of  the  funding  for  the  world  models  de- 
scribed in  this  volume  has  come  from  private 
sources.  None  of  the  models  is  linked  to  the 
governmental  decision-making  process  in  a  stable 
fashion.  The  Mesarovic-Pestel  world  model  and 
the  U.N.  world  nruxlel  have  been  used  as  analysis 
tools  by  government  decision-making  bodies,  but 
as  marginal  information  inputs  only,  not  as  pri- 
mary tools  of  analysis.  The  absence  of  regular 
clients  is  a  serious  constraint  to  the  further 
development  of  global  models.  A  fairly  large 
portion  of  the  human  capital  developed  for  the 
construction  of  global  models  is  currently  devoted 
to  the  search  for  funding  to  permit  further  devel- 
opment of  existing  models.  Some  global  modelers 
have  moved  on  to  greener  pastures. 

The  difficulties  encountered  in  adapting  global 
modeling  to  the  political  structure  appear  to  be 
inherent  in  the  mstitutional  structure  of  the  politi- 
cal decision-making  process.  The  only  people 
empowered  to  deal  with  global  problems  on  an 
integrated  basis  are  highly  placed  and  generally 
lack  the  time  required  to  learn  how  to  utilize 
inputs  from  global  models.  No  agency  has  a 
sufficiently  broad  mandate  to  justify  commission- 
ing and  suplx)rting  a  model  with  a  broad  inter- 
agency focus.  Existent  interagency  bodies  are 
already  swamped  with  information  and  con- 
strained in  their  actions  by  political  necessities. 

Integrated  modeling,  if  it  is  to  make  a  positive 
contribution  to  government,  must  'uild  a  style  of 
operation  that  (I)  simplifies  information  flows 
(i.e.,  results  in  lighter  work  inflows  through  in- 
boxes.  fewer  meetings  and  telephone  calls,  and 
more  concise  and  compact  discussion  of  the 
issues)  and  (2)  receives  the  cooperaibn  and  polit- 
ical support  of  the  agencies  whose  independent 
jurisdictions  operate  together  in  the  moii. , 

Structure 

Integrated  global  models  tend  to  expand  into 
severaJ  broad  questions  the  traditional  question  of 
economics:  How  arc  scarce  resources  allocated 
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among  alternative  uses?  These  questions  are: 
Where  will  resource  demands  come  from?  How 
will  they  evolve  over  time?  How  will  the  growth 
of  demand  interface  with  changes  in  the  economic 
structures  and  natural  resource  stocks  required  to 
create  supply? 

The  two  basic  forms  of  growing  needs  that 
show  up  in  integrated  models  are  basic  Auman 
nerds  associated  with  population  groyth  and 
economic  needs  associated  with  growth  «md  main- 
tenance of  ecj)nomic  systems.  This  expansion  of 
the  model  domain  has  marked  effects  on  the 
results  of  analysis.  The  effects  in  terms  of  popu- 
lation and  resources  wili  be  observed  below,  and 
the  general  failure  of  even  the  expanded  approach 
to  adequately  incotporate  environment  will  be 
discussed. 

Population  and  Basic  Human  Needs 

When  population  dynamics  are  introduced  into 
models  of  the  globai  system,  physical  needs  as 
well  as  economic  demands  compete  for  recogni- 
tion. If  population's  needs  are  not  met,  people 
die,  migrate,  or  alter  their  basic  patterns  of 
economic  behavior  so  that  their  needs  can  be 
filled  (e.g.,  by  substitution  of  one  tvpe  of  goods 
for  another  or  by  alteration  of  the  system  of 
production).  In  other  words,  it  becomes  necessary 
lo  observe  system  adjustment  processes  other 
than  that  of  the  price  mechanism. 

The  real-world  linkages  between  need  fulfill- 
ment and  population  behavior  are  tenuous.  Mod- 
elers approach  them  in  various  ways.  In  MOIRA 
(Model  of  IntemcLtional  Relations  in  Agricuuure), 
unfulfilled  food  needs  are  counted,  and  relative 
welfare  between  rural  and  urban  locations  is  used 
as  a  drive  mechanism  for  the  model's  migration 
function.  In  the  WorW  2  and  3  models  and  the 
Mesurovic-Pestel  model,  the  extent  of  fulfillment 
of  economic  and  food  needs  effects  birth  and 
death  rates.  In  some  versic»n^  of  the  Mesarovic- 
Pestel  model,  nonfulfillment  of  needs  results  in 
reduction  of  economic  production.  Need  fulfill- 
ment is  the  heart  of  the  Latin  American  work! 
model,  aiid  attention  to  human  needs  is  the  m  tive 
for  the  modePs  adoption  of  an  allocation  mecha- 
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nism  in  which  capital  and  labor  are  allocated  in 
the  fashion  that  maximizes  life  expectancy  at 
birth.  No  feedback  from  need  fulfillment  to  eco- 
nomic performance  is  included  in  the  U.N.  world 
model;  instead,  apparent  problem  areas  are  iden- 
tified off-line  and  taken  to  indicate  places  where 
the  model  is  unrealistic. 

Resources  and  Economic  Needs 

Many  resource  inputs,  including  land,  water, 
minerals,  energy,  and  renewable  biological  re- 
sources are  important  in  the  global  system.  Any 
of  these  could  be  locally,  if  not  globally,  limiting. 
How  binding  the  limits  posed  by  such  resources 
become*  depends  on  what  substitutions  are  made, 
how  successfully  limits  are  overcome  by  technol- 
ogy and  how  well  growth  is  channeled  into 
patterns  that  do  not  conflict  with  resource  limits. 

Only  one  of  the  models  in  our  study  set  does 
not  include  endogenous  natural  resource  limits — 
the  U.N.  world  model.  (It  does,  however,  inclut^e 
labor  and  capital  constraints  in  some  of  its  modes 
of  operation,  and  the  capital  constiaint  could 
become  an  implicit  natural  resource  constraint  if 
the  exogenous  resource  pricing  function  makes 
minerals  and  energy  very  expensive.)  All  of  the 
other  models  include  a  land  constrairit — in  each 
cas«,  a  function  formulated  so  as  to  make  the 
costs  of  expanding  agricultural  production  rise  as 
the  system  exhausts  its  supply  of  unused  arable 
land.  In  all  of  the  models  examined,  this  constraint 
can  potentially  become  a  dominant  feature  of 
system  structure  by  constricting  the  expanse  of 
agriculture  and  thus  creating  food  deficits.  The 
models  exhibit  great  difference  in  their  formula- 
tions of  where  the  land  constraint  manifests  itself. 
In  the  World  2  and  3  models,  it  is  encountered  as 
a  global  aggregate,  and  the  land's  prodiictive 
capacity  has  two  dimensions  capable  of  constrain- 
ing food  production:  soil  fertility  and  land  under 
cultivation.  Because  the  other  models  considered 
here  use  geographically  disaggregated  land  con- 
straints that  recognize  only  land  availability  (i.e., 
they  disregard  soil  fertility),  wl  ich  puts  the  Worlu 
2  and  3  modeh  in  thf  ^c'rad  xical  position  of 
using,  simultaneously,  ir\e  moM  complex,  least 
detailed  formulation  of  the  land  Jsinstraint 

MOIRA,  in  comparison,  is  highly  detailed  and 
conceptually  simple.  It  includes  106  .separate  agri- 
cultural prcKjuction  functions.  In  eacn,  the  invest- 
ment in  \sL\d  within  a  given  geopolitical  region 
lead**  to  inc  reased  food  production,  subject  to 
diminishing  rtUirns.  Trade,  through  a  market 
formulation,  moves  food  from  areas  with  less 
heavily  utilized  land  resources  to  areas  with  t'ght 
land  constrains.  Simular  formulations  wiih  re- 


gional representations  of  land  constraints  inter- 
linked by  trade  are  used  for  the  Latin  American 
world  model  and  for  the  Mesarovic-Pestel  model. 
None  of  the  other  models  attempts  MOIRA's 
amount  of  detail,  however,  and  the  Latin  Ameri- 
can model  de-emphasizes  the  role  of  trade.  The 
land  resouice  constraint  im^  ectly  affects  the 
model's  nonagriculturai  econoiny  m  both  the 
World  2  and  3  models  and  the  Mesarovic-Pestel 
model.  When  the  demand  for  food  is  high  and 
returns  on  investment  low,  the  models  diver^ 
significant  amounts  of  capital  away  from  other 
economic  sectors  and  invest  it  in  agriculture.  This 
often  cramps  economic  growth  outside  the  agri- 
cultural sector.  In  the  Mesarovic-Pestel  model, 
this  is  particularly  apt  to  occui  in  the  South  Asian 
regional  model. 

Mesarovic-Pestel,  the  World  2  and  3  models, 
and  the  U.N.  world  model,  all  include  mineral 
and/or  energy  resources.  In  the  U.N.  model,  the 
representation  is  little  more  than  an  accounting 
device  that  tabulates  resources  used.  The  World 
models  and  the  Mesarovic-Pfestel  model  use  foi- 
mulations  wherein  depletion  of  reserves  slows 
production,  raises  prices,  and  dampens  the  basic 
proces.>es  of  economic  growth.  The  Mesarovic- 
Pestel  model  includes  multiple  energy  and  re- 
source categories  and  makes  substitution  among 
energy  sources  explicit  by  pernr.itting  the  relative 
prices  of  substitutable  resource  groups  to  govern 
the  direction  of  investment  in  resource  develop- 
ment— i.e.,  investment  goes  to  the  energy  type 
showing  tht  highest  returns  on  investment.  In 
operation,  energy  deficits  in  the  Mesarovic-Pestel 
model  generally  come  about  because  investment 
in  energy  capital  has  not  been  rapid  enough  to 
create  supplies  rather  than  because  of  actual 
resource  shortages.  In  the  World  2  and  3  models, 
extraction  costs  rise  as  the  fraction  of  reser^^es 
remaining  gets  very  low.  Cost  rises  feed  back  to 
slow  economic  growth. 

The  combination  of  finite,  depletable  and/or 
erodable  resource  stocks  and  exponentially  grow- 
ing economies  and  populations  makes  all  the 
Jobal  models  considered  here,  with  the  exception 
of  the  U.N.  world  model,  susceptible  to  economic 
collapse.  The  vollapse  mode's  persistence  deperds 
on  how  'everc  the  modelers  have  made  the 
resource  constraints  on  growth.  Where  the  model 
hai  been  parameterized  with  large  amounts  of 
undeveloped  arable  land  with  low  development 
costs,  then  agricultural  growth  will  proceed  unhin- 
dered to  2000,  and  perhap,s  well  beyond.  Growth 
may  also  proceed  unimpaired  by  res(Urce  con- 
straints where  energy  and  mineral  sectors  have 
been  initialized  as  having  large  reserves,  where 


substitution  to  an  unlimited  resource  base  is 
permitted  in  model  formulations  (as  in  the  Mesa- 
rovic-Pfestcl  model,  in  which  the  raw  materials  for 
nuclear  energy  are  presumed  io  be  available  in 
unlimited  supply,  though  at  fairly  high  cost),  or 
where  technology  has  been  '•npowered  to  in- 
crease production  exponentially  with  no  resource 
cost  (as  in  some  of  the  runs  conducted  by  the 
University  of  Sussex  group  on  World  3).*  Where 
such  saving  assumptions  are  not  built  into  global 
models,  they  almost  invariably  simulate  economic 
collapse. 

Environment 

Wi^h  the  exception  of  the  World  2  and  3 
models,  which  allow  for  both  land  degradation 
and  biological  destruction  caused  by  pollution, 
none  of  the  models  studied  accounts  for  the 
(highly  likely)  possibility  that  human  manipula> 
tions  of  physical  systems  will  influence  biological 
systems  in  ways  that  affect  economic,  agricultural, 
or  population  dynamics.  Virtually  all  of  ihe  possi- 
ble environmental  problems  discuss  .d  in  the  en- 
vironmental forecast  are  thereby  ig^ored. 

The  basic  way  in  which  information  is  orga- 
nized in  most  models  seems  to  preclude  effective 
environmental  modeling.  To  date,  the  primary 
unit  for  collecting  data  is  the  nation.  The  focus  of 
most  data  collection  is  economic  or  demographic. 
However,  increasing  quantities  of  environmental 
data — ^sometimes  in  forms  that  are  not  aggregated 
by  political  units — are  coming  to  us  through 
environmental  monitoring  and  satellite  scanning. 

So  long  as  global  models  are  organized  around 
the  concepts  implicit  in  older  data  sources,  their 
treatment  of  environmental  problems  will  remain 
superficial.  Ecological  systems  do  not  conform  to 
political  boundaries.  Attempting  to  keep  track  of 
ecological  developments  through  use  of  national 
data  bases  makes  only  slightly  more  sense  than 
attempting  to  perceive  political  relationships  by 
arranging  nations  in  alphabetical  order — or  at- 
tempting to  understand  chemical  reactions  by 
classifying  chemicals  by  color  rather  than  atomic 
structure. 

Before  modelers  can  build  meaningful  environ- 
nr.ental  mcxJels  capable  ui  deriving  realistic  fore- 
casts for  environmcnta'  problems  such  as  deserti- 
fication, erosion,  water  management,  fo  est 
management,  and  fisheries,  it  will  be  necessary 
for  them  to  think  of  environmental  problems  in 
terms  of  aggregates  of  similarly  functioning  eco- 
logical units,  in  understanding  how  environmental 

*  H    S    I)    Cole,  cd  ,  UoJcIs  i,f  lhu,nr  Ncvv  York 
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problems  are  likely  to  unfold,  it  makes  more  sense 
to  consider  groups  of  similarly  behaving  systems, 
such  as  industrial  cities,  grasslands,  nee  paddies, 
estuaries,  and  tropical  rain  forests,  than  to  group 
such  units  according  lo  the  national  boundaries 
within  which  they  are  found. 

Usually  the  response  to  the  suggestion  that 
environmental  ,  .lalysis  should  proceed  through 
aggregation  of  similar  ecological  systems  is  met 
by,  "Yes,  it's  a  nice  idea,  but  we  simply  don't 
have  the  data."  But  is  th^  absence  of  data  a 
binding  constraint?  Given  good  organization,  a 
small  amount  of  data  can  be  made  to  go  far. 
Think,  for  instance,  of  all  that  an  archeologist 
infers  from  a  few  jaw  fragments.  Or  recall  the 
labors  of  the  macro-economists  in  the  l93(Vs  when 
National  Accounts  data  were  just  beginning  to  be 
collected.  There  should  he  a  way  to  weld  together 
the  fragments  of  ecological  studies,  satellite  data, 
environmental  monitoring  data,  climatological  rec- 
ords, and  soil  studies  cunently  available  into  a 
plausible  framework  for  study  of  the  global  envi- 
ronment— one  that  could  be  used  to  identify  what 
data  ought  to  bt  collected  in  the  future  in  order  to 
provide  better  indices  of  environmental  develop- 
ments- 

It  is  clear  that  the  real  world,  with  its  high 
degree  of  interconnectedness  and  strong  system 
interiinkages  is  not  going  to  behave  as  the  inde- 
pendently developed  iigency  forecasts  suggest.  It 
is  not  clear,  however,  wherein  the  differences 
between  the  real  world  and  the  modeled  world 
will  lie.  In  order  to  gain  insight  in*  ^  this  question, 
the  Global  20(X)  Study  has  commissioned  use  of 
the  World  3  model  (see  Chapter  25)  and  the  Woild* 
Integrated  Model  (the  latter  day  version  of  the 
Mesarovic-Pestel  world  model  described  in  (  hap- 
ter  26)  to  examine  the  effects  of  cutting  system 
linkages  on  mixlel  simulation  results. 

The  Government's  Global  Model  vs.  the 
World  3  Model 

The  World  3  model  consists  of  five  interactive 
sectors:  population,  capital,  agriculture,  nonie- 
newable  resources,  and  persistent  pt)llution.^  In 
the  simulations  undertaken  for  the  Ciiobal  2(XK) 
Study,  all  ''"^kages  between  sectors  were  broken 
and  exogenous  data  inputs  were  substituted 
the  Kiformation  that  had  previously  been  passeo 
between  sectors.  Thus  the  model's  intersectoiai 
linkages  were  changed  from  the  highly  interactive 
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TABLE  31-1 
Exogenous  Inputs  and  Assiimi^ns  in  World  3 
Simulations  for  the  Global  ImO  Study 

input   Assumpiron 

IndustnaJ  capital  Continu*d  exponential  growth  at  3  7  per- 
cent per  year 

Industnal  output  Same  pattern  as  industnal  capital  {expo- 
nential growth  at  3  7  percent  per  year) 

Service  output  Continuation  of  historical  trend,  growth 
at  3  0  percent  per  year 

Arable  land  Decreasing  rate  of  increase  until  an  equi- 
libnum  figure  of  27  billion  hectares  is 
reached  by  2010  • 

Growth  of  output  at  2  0  percent  per  year 
(histonc  rate) 

Population  Exponential  growth  at  hi  stone  rate  of  1  2 

percent  per  year,  reaching  5  3  billion 
by  2000  and  17  6  billion  by  2100 

Pollution  Level  of  persistent  pollution  held  con- 

  stant  at  zero  vaJue 

*  TJji  figure  (s  unrcaiisticaily  high,  hui  m  the  tonic xt  in  which  ii  is  used  as 
mafnitude  does  noi  appear  cntical 

•structure  shown  in  Figure  31-1  to  the  exogenously 
programmed  structure  shown  in  Figure  31-2,  The 
exogenous  inpu:s  used  to  drive  the  nonlinked 
version  are  specified  in  Table  31-1. 

As  can  be  seen  in  Figure  31-3,  in  the  open  loop 
simulation,  several  variables  arc  exogenously  fed 
into  one  sector  of  the  model  at  the  sam'*  lime  as 
they  are  endogenously  calculated  in  another  sec- 
tor. For  example,  population  Is  exogeftou^^ly"fed 
into  the  capital  sector  while  it  is  endogenously 
calculated  in  the  population  sector.  If  this  dual 
appearance  of  variaWes  is  not  noted,  mtelpretation 
of  the  simulation  outputs  that  appear  in  the 
following  pagci  will  become  quite  confusing. 

The  progress  of  exogenously  driven  variables 
over  time  is  shown  in  Figure  31-3.  The  modelers 
chose  to  extend  the  simulation  period  until  2100 
because  marked  difference  between  the  more  and 
less  integrated  model  structures  does  not  become 
fully  visible  until  well  into  the  21st  century. 

The  arrangement  created  by  the  cutting  of 
linkages  is  such  that  the  exogenous  inputs  used  in 
one  unlinked  sectoral  forecast  will  be  endoge- 
nously calculated  in'  another.  For  example,  the 
pofjlation  estimates  calculated  in  the  population 
sector  are  different  from  the  population  forecasts 
fed  into  the  capital  sector  If  this  dual  appearance 
of  vanaoles  is  not  noted,  interpretation  of  the 
simulatior  outputs  that  appear  in  the  following 
pages  wil  become  quite  confusing. 

Results 

Population.  The  resitlts  of  the  standard  inte- 
grated version  of  World  3  are  shown  in  Figure 
31-4, 


The  results  of  open-loop  simulations  will  be 
compared  to  these.  In  the  open-loop  simulation, 
population  was  driven  by  the  exogenous  data 
inputs  for  industrial  output,  service  output,  food, 
and  pollution  shown  in  Table  31-1.  Thus  driven, 
population  was  transfonned  by  the  dynamics  of 
the  population  sector  from  a  fast-growing  popula- 
tion with  a  very  high  fertility  and  mo^ralely  high 
mortality  to  a  slowly  growing  popula^n  with  low 
fertility  and  low  mortality.  Population  did  not 
completely  stabilize  by  2100;  however,  it  was 
reduced  to  about  13.5  billion— about  4  billion  less 
than  the  17.6  billion  calculated  for  2100  under  the 
assumption  of  a  constant  growth  rate  |)f  1.2 
percent  per  year.  On  the  other  hand,  the  resulting 
population  was  higher  by  about  8.5  billion  than 
that  of  2100  m  the  standard  run  of  World  3. 

The  marked  c'ifferences  in  output  result,  of 
couree,  from  model  stmcture.  Unlike  simulations 
with  the  fully  linked  model,  the  simulation  from 
the  population  sector  with  exogenous  inputs  was 
not  linked  to  industnal  and  agncultural  structures 
that  collapse  in  the  process  of  attempting  to 
maintain  continued  exponential  growth  in  a  con- 
text of  finite  land  and  mineral  resources.  Rather, 
it  IS  faced  with  input  assumptions  of  conUnued 
material  growth. 

It  should  be  observed  that  while  the  differences 
between  the  closed-loop  and  open-loop  forecasts 
have  become  acute  by  2100,  ilicy  are  not  greatly 
noticeable  by  2000.  (Compare  Figs.  31-4  and  31- 
5.)  This  suggests  that  on  the  basis  of  global 
aggregates,  the  effects  of  system  interlinkages  on 
population  dynamics  will  not  be  tcmbly  significant 
by  2000. 

Capital  In  the  open-loop  simulation,  the  capital 
sector  was  driven  by  the  exogenous  inputs  for 
population,  fo(xl,  an^  arable  land  (Fig,  3i~/)).  In 
addition,  the  fraction  of  capital  ai'ocated  to  obtain- 
ing resources  was  held  constant  at  5  percent  (the 
rate  of  mvestr  ^ent  obsen/ed  in  the  Woiid  3  model 
in  times  when  there  are  no  resource  shortages), 
and  the  fraction  of  industrial  output  alkKated  to 
agncultunr  was  held  constant  at  10  percent  (the 
fraction  allocated  used  in  World  3  in  "nonnal" 
times,  when  the  system  is  not  strainir^g  against  the 
limits  of  availability  of  agricultural  land). 

Formulated  m  this  fashion,  the  capital  sector 
W  IS  freed  from  the  resource  constraints  that  cause  . 
Its  decline  m  the  standard  version  of  World  3. 
Decreasing  returns  on  investment  and  declining 
fotxi  a^^ailabilrty  per  capita  do  not  shift  investment 
away  from  the  capital  sector  to  the  agncultural 
sector  as  they  do  in  the  standard  version,  and 
increasing  cost  for  resource  extraction  do  not  cut 
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Figure  31-3.  Exogenous  inputs  !o  tJifferenl  sectors  of  the  World  3  model 
AVv  fn  Figures  Ji^J  through  31-5 

L     Arable  land  in  hectares 


B  =  Birth  rate 
C  -  Imiuslriai  capital 
D  =  Death  rate 

F  =  Food  per  capita  (vegetal  equivalent)  in  kilograms 
per  year* 

i  -  Industnai  output  per  capita  in  dollars 


O  -  Industnai  out^t  in  dollars 

P  -  Population  (persons) 

R  =  Fraction  of  resource  remaining 

S  -  Service  output  in  dollars  per  year 

X  -  index  of  persistent  pollution  (dimenstonless) 


CafcuUted  by  addins  kilofrwnt  of  vcfet«bk  food  conuimcd  plus  7  times  the  li,lofr.in«  of  «i,mal  food  consumed  (1  e  .  rf  one  tmXs  I  kg  of  ncc  and  1  ki  of 
beef,  one  has  consumed  lU  equivalent  of  I  +  7  kg  of  vefctable  food)  »  "i  ncc  amij  ag  oi 


NOTE  to  FIGURES  31-3  through  31-11 
7f  the  page  is  turned  clockwise  so  that  the  letters  in  these  figures  can  be  read  in  their  normal  posiJion,  the  numbers 
at  the  top  (above  the    1900**  axis)  give  the  scale  used  for  the  vanables  plotted  in  the  output  The  vanablts  associated 
with  each  scale  are  indicated  to  thi  right  (tn  the  direction  of  reading) 


the  eflfectivc  returns  on.  investment  in  the  capital 
sector.  Thua,  industrial  outpu*  per  capita,  instead 
of  growing  until  about  2Q20  and  then  declining  as 
in  the  standard  version  of  World  3,  grows  expo- 
nentially at  a  rate  higher  than  that  observed  even 
during  the  growth  phase  of  the  standard  run. 
(Compare  Figs.  3M  and  31-6.), 

Agriculture,  In  the  agriculture  sector,  linkages 
from  industrial  output,  population,  and  the  frac- 
tion of  output  allocated  to  agriculture  were-  cut 
(Fig.  31-7).  The  first  two  inputs  were  replaced  by 


the  exogenous  data  inputs  described  in  Table  31- 
I.  The  last  was  held  constant  at  10  percent.  With 
intersectoral  linkages  thus  severed,  the  agricultural 
sector  gives  a  more  optimistic  forecastJhan  in  the 
standard  lun.  Nevertheless,  agricultural  output 
continues  to  peak  and  crash-4he  diflFerence  being 
that  the  peak  in  food  per  capita  is  half  again  as 
high  in  the  unlinked  forecast  as  1'  is  in  the 
standard  ruh,  and  the  decline  begins  around  3C 
year?  later.  {Compare  R^.  3M  and  3!-7.) 

Decline  occurs  in  the  unlinked  forecasts  for  two 
reasons: 
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h^wt  31-6,   Ctipitai  sector  with  exogenous  inputs 

Ke\  to  figures  31-6  through  31-^ 
F  -  FiXwJ  per  capita  Wegetjl  equivalent)  m  kilograms     P  =  Population  ^persons) 

P**^  J'^**'^  *  X  =  Index  of  persistent  ptillution  (dimensionless) 

I  ~  Industrial  output  per  capita  in  dollars 

•  C  4kukeed  Ky  4ihJtn«  ktlogrjm^  uf  vctct4hlc  fo<*d  ton^uirwd  plus  7  times  the  ktloir^m*  of  ^ntrndl  food  consumed  0  c  »f  one  e^ls  I  kg  of  rtce  jwd  I  kg  of 
heef  one  h«s  consumed  the  equiV4}enl  of  i  ^  7  kg  of  vegctiiblc  food) 


•  Intensification  of  agricultural  production,  partic- 
ularly when  it  has  been  forced  by  dire  fcKxJ 
shortages,  leads  in  ttie  World  3  agricultural 
sector  to  insufTicicnt  rates  of  investment  in  soil 
maintenance  and  thus  decline  of  basic  soil 
productive  capacity. 

•  The  agricultural  sector  is  faced  with  diminishing 
returns  on  inputs  and  exponentially  increasing 
costs  on  land  development.  Thus,  it  is  unable  to 
expand  production  in  pace  with  an  exponentially 
growing  population. 

The  mechanisms  involving  soil  deterioration  are 
not  included  in  the  government^  agricultural 
model  and  have  been  deleted  in  a  further  run  of 
the  unlinked  agiicultural  sector  to  strer^then  the 
analogy  between  the  unlinked  World  3  model  and 
the  government  forecasts  (Fig.  31-8).  The  result 
was  a  change  in  timing  and  magnitude,  thoi^h  not 


in  mode  of  behavior:  Food  per  capita  peaked  later 
and  at  a  higher  plateau  than  in  the  previous 
unlinked  run  (compare  Figs.  31-7  and  31-^),  but  it 
stiU  rose  to  a  high  level  and  declined. 

Nonrenewable  Resoun  es.  In  the  unlinked  ver- 
sion, the  nonrenewable  resource  sector  is  driven 
by  the  exponentially  growing  population  and  in- 
dustrial capital  data  inputs  described  in  Table  31- 
I.  The  linkage  from  nonrenewable  resources  to 
industrial  production  was  preserved  in  this  simu- 
lation (Fig.  31-9)  and  the  performance  of  industrial 
output  per  capita  has  been  used  as  an  index  of 
system  performance.  Two  variants  of  the  isolated 
nonrenewable  resource  sector  were  simulated:  In 
the  first,  which  corresponds  to  the  formulation 
used  in  the  Work)  3  model,  the  marginal  cost  of 
resource  extraction  rises  very  rapidly  as  the 
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Figure  31-9.    Renewjble  resource  -^tf tor  with  exogenous  inputs  ^ 
Ki\t>  Fi\:uri'\  J I -9  thnH4Kh  J I -11  ( 
Industrial  output  p'^r  c<)pita  in  dollars  R  -  Fraction  bf  resources  remaining 

■■  Population  (persons)  X  =  Index  01  persistent  pollution^dimensionless) 


fraction  of  reserves  remaining  approaches  zero.  In 
the  second,  marginal  costs  were  held  constant. 

Where  increasing  marginal  costs  were  included, 
the  influence  oMiminishing  resource  reserves  and 
increasing  extraction  costs  combine  with  exponen- 
tial population  growth  to  cause  a  sudden  and 
percipitous  decline  in  industrial  output  per  capita. 
Because  population  grows  exponentially  without 
checics  in  the  unlinked  resource  sector,  per  capita 
growth  declines  even  faster  than  in  the  World  3 
standard  run.  (Contrast  Figs.  3M  and*  31-9.) The 
assumption  of  constapt  marginal  costs  breaks  the 
feedback  that  causes  extraction  to  halt  as  reserves 
are  exhausted.  Ttie  simulation  under  this  assump- 
tion, therefore,  shows  unrestrained  exponential 
growth  of  industrial  output  per  capita,  despite  the 
-  fact  that  resource  reserves  are  not  only  totally 
exhausted,  but  actually  turn  negative  (Fig."3U10). 

Persistent  Pollution.  The  persistent  pollution 
sector  is  driven  by  input  indices  of  population, 
industrial  output,  food,  arable  land,  and  agricul- 
tural inputs  per  hectare  (assumed  in  this  exercise 
to  grow  exponentially).  When  the  growth  rates 


shown  m  Table  3I-!  were  substituted  for  endoge- 
nous inputs  from  other  model  sectors,  the  persist- 
ent pollution  sector  was  driven,  riot  by  forces  that 
expanded  and  collapsed  but  by  a  series  of  expo- 
nentially growir^g  variables  (Fig/'3!-l  I).  Conse- 
quently, inste^id  of  growing  and  declining  as  in  the 
standard  nr'xlel  run,  the  index  of  pereistent  pollu- 
tion grows  exponentially  to  the  point  where  by 
2030  it  is  around  three  times  as ''severe  as  it  was  at 
any  time  in  the  standard  run;  thereafter,  it  contin- 
ues to  grow — a  growth  that  would  probably  poi- 
son the  entire  biosphere  should  it  ever  come  to 
pass. 

* 

Observations 

The  sectorally  disassembled  version  of  the 
World  3  model  bears  sufficient  resemblance  to  the 
government's  model  ^hat  comparing  it  with  t|ie 
integrated  version  of  World  3  may  provide  |asig[it 
into  how  the  government  modd  might  behave  if  it 
were  integrated.  However,  the  analogy  is  not 
tight.  The  government's  model  is  regionally  disag- 
ftinegated.  World  3  is  not.  The  government's  model 
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Stresses  enei^gy,  Worid  3  omits  it.  The  govern- 
ment's model  perceives  many  of  the  mechanisms 
of  economic  growth  in  much  iess  straightforward 
terms  than  those  shown  in  World  3.  (For  example, 
few  government  analysts  would  agree  to  the 
specification  thai  industrial  output  is  simply  the 
product  of  the  capital  output  ratio  and  the  indus- 
trial capital  stodk.)  The  assumed  schedule  of 
exi^enous  input^  (Table  31-!)  doesn't  entirely 
coincide  with  present  official  expectations,  and 
there  are  probably  some  strong  but  explicit  as- 
sumptions about  technological  solutions  and  re- 
source substitution  in  the  government's  model 
that  do  not  figure  in  WoHd  3. 

Keeping  these  differences  in  mind,  however, 
the  exercise  suggests  that  the  following  conse- 
quences might  be  expected,  were  the  govern- 
ment's model  to  include  some  linkages  such  as 
those  specified  in  World  3: 

1.  Competition  for  available  capital  between 
maintenance  and  expansion  'of  the  agricultural 
sector,  development  of  new  energy  reserves,  and 
investment  in  service  and  industrial  sectors  would 
l^d  to  Significant  decreases  in  real  GNP  growth. 
Barring  major  technological  advances,  the  pres- 
ence of  increasing  costs  (diminishing  returns)  for 
^  investment  in  minerals  extraction  and  in  agricul- 
tural development  will  increase  the  amount  of 
economic  activity  needed  for  each  unit  uf  product 
produced,  thus  causing  a  sort  of  resource-cost 
•inflation. 

2  The  rising  food  pnces  and  regional  food 
shortages  projected  in  the  agricultural  model 
would  be  intensified  by  the  fact  that  agriculture  is 
not  the  only  sector  wanting  capital  to  cope  with 
increasing  population  demands  and  diminishing 
returns,  l^nd  degradation  caused  by  intense  pres- 
sure on  the  land  and  by  pollution  would  tend  to 
make  the  projection  of  agricultural  output  more 
gloomy. 

3  Slower  GNP  and  agricultual  growth  could 
have  marked  effects  on  demographic  processes. 
Death  rates  may  nse  because  of  starvation.  Lack 
of  improvement  ir>  standards  of  living  may  prevent 
people  frt>m  choosing  to  have  smaller  families. 

4  Despite  these  indications  of  overly  optimistic 
projections  from  the  i.ovemment's  models,  the 
possible  transition  into\lecliiie  will  not  take  place 
for  a  decade  or  two  after  the  year  2000. 

The  (Jovernment's  (Global  Mode^  vs.  the 
World  Integrated  Model 

A  mixlel  can  become  more  integrated,  either 
ihro'ir,h  integration  of  the  mechanisms  detcnnin- 


ing  previously  exogenous  variables  (i.e.,  closing  of 
feedback  loops  through  exogenous  variables)  or 
through  including  more  of  the  details  of  system 
interaction  between  the  variables  endogenous 
within  a  model.  Conversely,  a  model  can  be  made 
less  integrated  either  by  cutting  internal  feedbacks 
and  replacing  the  formerly  fed-back  information 
wiih  fed-in,  exogenous  information — as  was  done 
in  the  just  described  exercises  using  the  World  3 
model — or  by  cutting  out  internal  feedbacks  in 
such  a  way  that  former  variables  become  con- 
stants— as  was  done  \p  the  exercises  with  the 
World  Integrated  Model. 

The  internal  linkages  that  w,ere  severed  in  the 
less  integrated  version  of  the  World  Integrated 
Model  (WIM)  include  the  following: 

•  In  the  normal  model  version,  energy  deficits 
arising  in  the  energy  sector  cause  a  drop  in 
economic  productivity  in  the  economic  sector. 
In  the  less  integrated  version,  tfiere  is  no  change 
in  the  economic  sector  when  energy  supplies- 
are  insufficient  (i.e.,  response  is  constant). 

•  lathe  normal  veriion,  mortality  increases  when 
available  calories  and/cr  protein  are  insufficient, 
particularly  in  the  oldest  and  youngest  age 
categones.  In  the  less  integrated  version,  mor- 
tality is  not  influenced  by  food  availability. 

•  In  the  normal  version,  fertility  patterns  change 
with  changes  in  income  in  such  a  way  that,  as  a 
region's  per  capita  income  approaches  those  of 
modem  industrialized  countries,  so  will  its  pat- 
Xem  of  fertility.  In  the  kss  integrated  version, 
income  has  no, effect  on  fertility  distributions. 

•  In  the  normal  version,  a  region's  capacity  to 
import  is  constrained  by  its  balance  of  pay- 
ments; thus,  developing  regions  may  find  thenv 
selves  unable  to  import  food  or  machinery  whfcn 
they  have  accumulated  sizable  trade  deficits.  In 
the  less  integrated  version^  the  ability  to  import 
is  not  constrained  by  the  availability  of  foreign 
exchange. 

Figure  31-12  shows  .  iw  the  first  three  of  these 
alterations  fit  into  the  model'structure.  The  "nor- 
mal" version  of  the  model  used  in  these  exercises 
was  noi  the  most  integrated  version  of  the  model 
that  has  been  developed.  There  are  versions  of 
WIM  that  include  fe'*dback  between  starvation 
and  economic  productivity  thus  (dotted  lin€  in 
Fig. 31-12),  building  into  the  model  the  vicious 
cycle  wherein  destitution  reduces  a  region's  ca- 
pacity tov  improve  its  lot.  In  other  versions  of 
WIM,  environment^  degradation  may  adversely 
effect  Agricultural  production  and  economic 
growthland  increase  mortality.  Both  of  these 
channel  (5f  influence  havt  been  omitted  from  the 
version  V  the  model  used  in  these  exercises  due 
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to  the  difficulty  of  substantiating  them  with  precise 
quantitative  infomiation. 

It  should  be  noted  thai  in  most  cases  considered 
in  this  exercise,  the  omission  of  linkage  i$ prima 
fade,  an  optimistic  act.  It  is  a  roseate  depiction  of 
the  world  that  assumes  energy  deficits  will  not 
sfow  economic  growth,  food  deficits  won't  cause 
starvation,  star  ation  won't  harm  economic  prog- 
ress, shortages  of  foreign  exchange  won't/stifle 
growth  in  the  less  developed  countries,  and  abuse 
of  the  environment  won't  adversely  effect  agricul- 
tural production  and  human  health.  The  only  way 
that  cutting  Jinkages  has  removed  optimism  is  in 
severing  the  tendency  of  increased  inc  >me  to  lead 
to  decreased  farnily  sizes.  Naive  though  they 
seem,  these  assumptions  are  implicit  in  most 
nonintegrated  gfohaf  models— including  the  gov- 
emment^s. 

Fdi  further  contrast  of  results,  other  versions  of 
the  "normal/'  more  integrated  model  wera devel- 
oped using  less  optimistic  assumptions  about  (I) 
the  giowth  of  fossil  fuel  supplies,  (2)  th^  growth 
of  agricultural  production,  and  (3)  tiie  amount  of 
capital  made  available  to  the  LDCs  by  the  indus- 
trialized nations,  lo  the  optimistic  normal  case,  it 
was  assumed  that'  annual  global  oil  discoveries 
would  ♦grow  above  the  base  of  the  eariy  1970s 
'  until  the  early  I99(K  and  reach  a  peak  approxi- 
mately 50  percent  higher  than  the  annual  discov- 
eries of  \he  early  1970s — an  optimistic  forecast 
•when  contrasted  to  ,the  forecasts  made  by  the 
Workshop  on  Alternative  Eneigy  Stiategies  and 
the  World  Energy  Conference,  both  of  which 
projected  near  stable  annual  discoveries  of  oil 
resources.  In  the  pessimistic  version  (which  many 
would  still  call  optimistic)  it  was  assumed  that  the 
(fiscovery  rate  would  not  increase  above  that  of 
the  early  1970s.  In  another  pessimistic  run.  it  was 
assumed  that  agricultural  yields  would  be  reduced 
roughly  20  percent  on  an  average  by  the  year 
2000— a  change  that  the  modelers  considered 
might  be  anticifated  if  the  world  is  confronted 
with  significant  changes  in  global  climate  ami/or 
serious  ecological  disturbances.  In  a  third  test,  the 
amount  of  capital  transfered  froni  industrialized 
countries  to  LDCs  was  reduced  to  an  extent 
where  the  LDCs  would  not  accumulate  unreason- 
ably large  (over  50  percent  of  GDP)  foreign  debts,  , 
and,  in  a  final  test,  all  three  aes^^jmistic  hypotheses 
were  introduced  simultaneously.  Here,  only  the 
combined-problems  version  of  the  more  pessimis- 
tic runs  will  be  considered.  It  will  be  referred  t6  ' 
as  the  integrated-pessimistic  version. 

In  most  of  the  simulations  performed  for  this 
study,  the  mixlel  was  run  only  to  the  year  20(X). 
As  will  be  evident  in  the  rj^iterial  showing  model 


outputs,  a  25-year  ^ulation  is  sufficient  to  pro- 
duce sizable  differeftees  between  the  more  and 
less  integrated  versions  of  the  model.  Differences 
are  even  more  significant  on  a  regional  basis,  for 
some  regions  are  at  the  present  time  quite  sensi- 
tively balanced  and  can  be  brought  into  markedly 
different  states  over  a  relatively  short  period  by 
altering  the  structure  of  the  system  pressures  that 
control  their  development. 

Results  % 

The  outcomes  of  the  less  integrated  version  of 
the  giodel  were  generally  comparable  to  the 
government  forecasts  prepared  for  the  Global  2000 
Study,  in  the  Study's  forecasts,  global-economic 
produ<;tion  had  grown  to  17.4,  UJ^and  12.4 
trillion  dollars  by  the  year  2000  in,  res|^ectively, 
the  high,  medium,  and  low  forecasts.  In  the  less 
integrated  WIM,  the  equivalent  figure  for  2000 
was  14.8  trillion  dollars.  In  the  Global  2000  Study 
population  forecasts  made  by  the  Bureau  of  the 
Census  high,  medium,  and  low  population  esti- 
mates for  20(X)  were,  respectively,  6.8,  6.4,  and 
5  9  billion.  The  less  integrated  WIM  calculated  6.2 
billion  for  2000. '*In  the  Study's  agricultural  fore- 
casts made  by  the  U.S.  Dej^artment  of  Agricul- 
ture, world  grain  production  grows  from  1,109 
mmt  (million  metric  tons)  in  the  1969-1971  base 
year  to  2,175  mmt  in  2000>  an  increase  of  % 
percent,  in  the  less  integrated  model  simulation, 
using  a  somewhat  different  scheme  for  measuring 
grL.n  prcxiuction,  world  grain  production  is  calcu- 
lated to  grow  from  1,278  mmt  in  1975  to  2,647  in 
2000,  an  increasi^  of  107  percent.  In  conjunrtion 
With  these  gains  ,in  output,  the  less  integrated 
WIM  caljTulates  an  increase  of  fertilizer  use  from 
88.6  to  227  mmt  by  the  year  2000;  coiYespond- 
ingly,  the  Department  of  AgricuUi^;e  f9recasts 
project  an  increase  from  80  to  199  mmf..the  less 
integrated  WIMS  energy  projection — with  global 
energy  consumption  in  2000  standing  at  94.5 
billion  bairels  of  oil  equivalent  per  year  (about  5.50 
quadrillion  Btu)  is  consistent  with  projections 
made  by  the  World  Energy  Conference  and  v/ith 
those  of  the  Workshop  on  Alternative  Energy 
Strategies.  Comparison  with  the  Global  2000 
Study  estimate  is  not  possible  as  the  Department 
of  Energy  has  provided  estimates  only  for  the 
years  1985  and  1990. 

\f(frc  Int Vibrated  WIM.  The  outcomes  of  simu- 
lations using  the  normal,  more  integrated  version 
of  the  WIM  were  less  sanguine  than  those  of  the 
less  integrated  version.  The  aggregate  global  eco- 
nomic product  was  percent  lower  than  that  of 
the  less  integratedsWsion.  $1 1.7  billion  instead  of 
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$14.8  billioh.  Economic  growth  was  fastest  tht 
earlier  years  of  the  simulation  and  slowed  consid- 
erable after  1990  when  the  energy  situation  began 
to  put  a  serious  drag  on  economic  growth.  Popu- 
lation grew  to  only  5.9  billion  in  2000,  as  con- 
trasted to  6.2  billion  in  the  less  integrated  ver- 
sions. Part  of  the  lower  growtlv^^^s  due  to 
starvation  (a  cumulative  toUil  of  IScf^million  star- 
vation deaths  were  projected  by  2000).  Another 
part  was  due  to  lower  fertility  rates  brought  about 
by  increasing  incomes  in  those  areas  where  eco- 
nomic growth  surpassed  population  growth  over 
the  simulation  period.  Instead  of  the  107  percent 
increase  in  agricultural  production  projected  in  the 
less  integrated  WIM,  the  integrated  version 
showed  only  85  percent  increase.  This  led, 
however,  to  an  increase  of  less  than  85  percent  m 
fhe  grain  available  for  human  consumption  due  to 
the* fact  that  global  meat  production,  much  of  it 


grain-fed,  increased  by  57  percent  over  the  25 
year  simulation. 

In  the  test  in  wjiich  all  three  pessimistic  as- 
sumptions were  included  in  the  more  integrated 
model,  outcomes  were  considerably  worse  than  in 
the  optiniistic-integrated  or  less  integrated  simula- 
tions. Aggregate  global  income  reached  only  10.4 
trillion  dollars  by  2000,  and  cumulative  starvation 
deaths  totaled  291  million  people.  WoHd  grain 
production  reached  only  2,032  mmt  instead  of 
'2,367  in  the  optimistic-integrated  version  and  2,647 
in  the  less,  integrated  case.  The  year  2000  world 
grain  price  reached  $415  per  metric  t(Jn,  as  op- 
posed to  $245  in  the  optimistic-integrated  and  $240 
in  the  less  integrated  version.  The  three  simula- 
tions can  be  compared  (Figs,  31-13  and  31-14). 

Extension  of  Time  Horizon.  In  World  3  signifi- 
s  cant  change  in  the  model's  mode  of  behavior  does 


1  Less  integrated  model 

2  OptimistiC'integruted  version 

3  Pessimistic-integrated  version 


Figure  31-1.1.  Global  population  projections  for  three  versions  of  the  World  Intcrgratcd  Model 
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not  set  in  until  after  the  year  2000.  Many  demo- 
graphic changes  have  much  stronger  eflFects  in  the 
second  generation  than  in  the  first.  Growth  rates 
on  the  order  of  1-5  percent  a  year,  with  doubling 
times  of  70,  to  14  years — as  experienced  for  the 
population  and  economic  growth  rates  in  most 
long-term  models^will  Jead  to  significantly  differ- 
ent balances  and  disturbances  of  balance  after  50 
years  than  after  25  years.  Thus,  it  can  be  expected 
that  the  differences  between  the  pessimistic -inte- 
grated, optimistic-integrated  and  less  integrated 
versions  of  the  World  Integrated  Model  will 
become  much  n;ore  acute  if  the  model's  time 
horizon  is  extended 

This  proves  indeed  to  be  the  case.  As  can  be 
seen  in  Figures  3|-.|3  and  31-14.  differences  in 
global  fJNP  and  population  in  the  year  2000 
appear*  small  by  contrast  to  those  of  che  year 
2025*  Moreover,  by  2025  it  begins  to  look  as 
though  the  less  integrated  and  op  Imistic-inte- 


grated  versions  of  the  model  are  operating  in  'a 
continued  growth  mode,  while  the  pessimistic^- 
integrated  version  appears  to  have  slackened  its 
rate  of  economic  >growth  to  the  point  where  per 
capita  income  will  begin  to  decline. 

Regional  Differences .  The  12  regions  consid- 
ered in  the  World  Integrated  Model  begin  with 
differing  initial  conditions,  which  leave  them  bal- 
ancea  in  states  (hat  vary  in  their  ability  to 
withstand  stress  ,  ThHS.  different  regions  undergo 
different  patterns  in  tfieir  internal  readjustment  to 
system  stresses  as  simulations  progress  oyer  time. 
For  example,  regions  such  as  South  Asia,  where 
large  and  fast  growing  human  needsy&re  coupled 
with  poor  endowments  of  economic  or  natuRl 
resources  required  to  fill  human  needs,  are  liKelr 
to  undergo  more  stress  than  regions  such  as  North 
America,  which  still  have  untapped  resources  and 
whose  rates  of  population  growth  are  relatively 
slow.  Thus,  they  are  more  likely  to  experience 


Figure  31-14.  Global  ONP  projections  for  ihrce  versions  of  the  World  Integrated  Model 
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declines  of  previously  growing  variables  and  real- 
locations of  economic  resources. 

Nfuc^  of  what  has  been  termed  "stre&s'"  in  the 
preceding  paragraph  is  in  abstract  tenns,  infor- 
mation passed  through  the  feedback  loops,  ^that 
integrate  the  World  Integrated  Model.  It  follows, 
then,  that  differences  between  the  more  and  less 
integrated  versions  of  the  model  (i.e»,  yefsions 
with  more  and  less  feedback)  would  be  greater  for 
regions  under  severe  stress  and  that  the  more 
stressful  pessimistic-integrated  version  of  the 
model  would  show  more  signs  of  basic  shifts  in 
model  balance  than  would  the  optimistic-inte- 
grated versiort. 

This  inference  is  confirmed  by  model  simula- 


tions. As  nfay  be  seen*for  6NP  peif- capita  by 
comparing  Figures  31-15,  31-164  ;irid  31-17.  the 
three  model  versiorf>  behave  similarly  for  North 
America,  *hile  producing  wide  divergence  in 
behavior  for  Latin  America  and  Sdiith  Asia-.  In* 
the  Ic^sMntegrated  version,  Latin  American  GNP 
grew  faster  tha^  did  that  of  North  America, 
though  differences  in  population  growth  rates 
caused  incomes  in  L^tm  America  capita  to*  grow 
more  slowFy  than  those  in  North  America. 

The  model's  t>ehavior  docs  not  entirely  corre- 
spond to  our  reasoned  expectations,  however.  Iii 
the  South  Asian  region,  GNP  per  capita  in  2jlK)0  is 
higher  in  the  pessimistic-integrated  case  than  it 
does  in  the  optin\istic-integrated  case.  This'ap- 


Figure  .11-15.  Projections  of  North  American  GNP  per  capita  foi  hree  versions  of  the  World  Integrated  Model 
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fifur*  31- 1*.  Projecljom  of  Latin  American  GNP  per  capita  for  three  versions  of  the  World  Integrated  Model 
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Fisurc  31-17.  Projections  of  South  Asian  GNP  per  capita  for  four  veisions  of  the  World  Integratecf  Model 


pear\to  happen  because  starvation  becomes  so 
powerful  in  reducing  population  that  income  per 
capita  begins  to  rise.^  the  pessimistic-integrated 
WIM.  cumulative  starvation  has  reached  a  value 
(hat  iimounts  to  about  20  percent  of  the  living 
population  by  the  year  2000  (Fig.  31-18). 

(The  apparei^t  gain  in  average  income  per  capita 
brought  about  by  starvation  need  not  be  taker>  as 
indicative  of  the  way  the  real  system  is  likely  to 
behave.  If  may  well  be  ^an  aberration  of  the- 
modefs  ^structure.  Had  th^e  linkage  by  which 
starvation  conditions  detract  from  economic  pro- 
ductivity been  inch> '"d  into  the  model's  structure, 
it  is  quite  likely  luat  the  pesMmistic-integrated 
simulation  would  have  ended  with  far  lower 
income  per  capita  in  Figure  31-17  than  did^  its 
optimistic  counterpart.  Here,  clearly,  the  mpdeVs 
conceptual  structure  is  more  than  the j^arameteri- 
zation  that  shapes  its  behavioral  tendencies.) 

Observations 

What  can  be  inferred  from  the  experimentation 
with  the  World  Integrated  Model  about  the  distor- 


tion imposed  on  government  fwecasts  by  the  lack 
of  integration  in  the  methodology  by  which  they 
are  produced?  The  question  is  not  easily  an- 
swered. Before  it  can  be  approached,  a  decision 
must  be  made  as  to  hoW  much  one  is  to  believe 
the  outputs  of  the  World  Integrated  Model. 
Should  one  take  seriousry  the  differences  in  timing 
and  magnitude  in  the  spurts  of  growth  and  reces- 
sion brought 'about  by  different  formulations  of 
the  model  in  Figure  31-11?  Should  it  be  taken 
seriously  that  China  and  the  Middle  East  are 
relatively  unaffected  by  differences  in  model  for- 
mulation while  Eastern  Europe  and  South  Asia 
are  quite  sensitive?  Should  we  believe  the  esti- 
mated magnitudes — for  example,  should  the  esti- 
mates for  starvation  be  taken  literally?  . 

Behind  these  questions  lie  other,  more  impor- 
tant questions:  Do  the  linkages  in  the  model 
correspond  sufficiently  well  to  those  in  ihe  real 
world  to  make  the  model  credible?  Are  important 
linkages,  such  as  the  linkage  that  causes  economic 
deterioration  under  famine  conditions  omitted 
even  from  the  more  integrated  version  of  the 
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Figunr  3M8.  Projections  of  South  Astan  cumul  Hue  st<  rv.aion  as  a  percentage 
of  populaH(*n  for  two  versions  of  the  Worid  Integrated  Ninlei 


model?  IX)  the  specified  linkages  exaggerate  or 
undr-state  the  importance  of  interconnections? 
Will  the  re^l  wofJ4Ji?llow  the  rules  written  into 
the  model's  structure  when^  it  has  to  chi  'se 
between  agriculture,  energy,  and  other  sectors  in 
allocating  scarce  capital  resources?  (Investment 
functions  are  uncertain  ground  in  moderii  econom- 
ics. No'fcnnula  has  been  found  that  can  explain 
observed  long-term  ir^vestment  behavior  with 
gwd  statistical  results.)  Will  energy  short;*Qes 
curtail  economic  production  in  the  fashion  thai  ihe 
model  describes?  Will  they  have  more  or  fewer 
lasting  eflf^ts'^  More  or  fewer  severe  effects?  Will 
the  fuel  type  substitutions  descnbed  in  the  model 
be  possible? 

If  the  qnestioning  becomes  too  insistent,  the 
model — and  most  othc*  social  system  models  with 
it— nretreats  behind  a  thick  hedge  of  debatable 
assumptions.  The  response  to  most  of  the  ques- 
tions asked  can  only  be  'i  don't  know." 

Despite  the  uncertainty  surrounding  s^cific 
findings  from  experiments  investigating  the  effects 
of  eliminating  linkages  in  the  Worid  Integrated 
fv'odel,  a  few  generalizations  can  be  made: 

I.  With  a  25-year  simulation  interval,  economic 
growth  is  more  subject  to  alteration  of  its  simu- 
lated behavior  through  addition  of  linkages  than  is 


population  growth,  .A  value  difference  of  50  per- 
cent for  regional  income  (GNP)  for  2000  is  not 
uncommon  among  different  model  structures, 
while  differences  of  20  percent  would  be  extreme 
for  population.  This  stands  to  reason.  Kuman 
reproductive  patterns  are  biologically  constrained: 
within  a  culture,  they  can  be  expected  to  change 
over  the  course  of  generations,  whereas  economic 
patterns  appear  to  be  relatively  vulnerable  to 
short-term  perturbations. 

2.  The  effects  of  breaking  linkages  dep  '  on 
the  linkages  that  are  broken,  in  this  exercise,  the 
brokea  linkages  involve  trade,  human  birth  and 
death  rates,  and  the  effect  of  energy  short  ges  on 
economic  growth.  Consequently,  the  regions  most 
affected  were  those  modeled  as  deficient  in  energy 
supplier,  as  dependent  on  foreign  trade  for  eco- 
nomic development,  or  as  operating  at  levels  of 
income  where  differences  in  income  can  be  ex- 
pected to  have  relatively  large  influentes  on  rates 
of  childbearing  and  mortality.  Had  another  set  of 
!int\.t.vs  been  broken — for  example,, had  the  level 
.f  investment  in  agnculture  not  been  responsive 
to  the  price  of  f(x>d->^-linkage  breaking  would  have 
had  different  effects  with  different  geographical 
distributions. 

3.  //  \\  vvevx  hit  (i\  (irhifnm'  to  omit  linkages  — 
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and,  thereby,  tmplicUly  assume  that  they  have  no 
effect  on  syste.n  hehavior-His  it  is  to  incUtde 
linkages  of  whuh  one  is  msure.  There  are.  for 
\  example,  many  valid  guesses  about, the  effect  of 
^  energy  .deficits  on  economic  growth.  "No  effect" 
is  one  of  the  lei»st  likely  outcomes  in  the  set,  but 
by  default  it  seems  to  be  the  most  commonly 
nade  assuff  .ion.  While  the  art  of  global  model- 
ing is  still  at  a  stage  where  one  must  take  the 
O' »put  of  an  integrated  model  wfth  a  great  deai  of 
sKepticism.  understanding  of  system  linkages  has 
progressed  to  the  state  where  one  must  be  even 
more  skeptical  of  models  that  do'not  consider  the 
probable  effects  of  system  interaction*^  on  long- 
term  system  behavior. 

*  Conclusions 

Exercise's  cutting  feedback  within  integrated 
world  models  reveal  that  the  omission  of  system 
linkages  greatly  influences  the  results  of  forecasts, 
which  suggests  that^_the  Government's  Global 
Model,  in  that  it  leaves  out  important  system 
feedbacks,  is  presenting  a  distorted  picture  of  the 
probable  future.  The  predictive  error  incurred  by 
omissiops  of  feedback  is  cumulative  over  time:  in 
most  cases  it  is  not  highly  significant  over  a  5- 
^  year  peruxJ  but  becomes  important  in  a  20-year 


period  and  may  become  paramount  over  a  50-yeai 
span.  Krror  is  likely  to  be  greater  for  regional 
forecasts  than  for  the  global  aggregau'  • 

Hxperiments  with  both  the  World  3  and  the 
World  Integrated  Model  suggest  that  omissions  of 
linkages  has  made  the  government's  forecasts 
overly  optimistic.  The  experiments  with  the  World 
Integrated  Model  suggest  th^t  the  collective  GNP 
forecasts  for  the. year  20(X)  derived  on  a  noninte- 
grated  basis  for  the  Global  2000  Study  might  have 
been  15-20  percent  lower  if  a  more  integrated 
model  specificatiort  had  been  used  For  some 
regions  the  extent  of  overestimation  may  have 
been  well  over  50  percent. 

However,  the  problem  is  i.ot  a  s  .nple  question 
of  integrated  vs.  nonintegrated  models.  The  man- 
ner in  which  models  are  integrated  is  critical 
Markedly  different  results  could  have  been  de- 
rived from  both  the  World  3  Model  and  the  World 
Integrated  Model  if  differerif  linkages  had  been 
included  in  the  original  models.  *or  if  different 
linkages  had  been  severed  in  the  experiments 
performed  with  model  closure.  It  is  therefore 
important  that  various  schemes  of  model  integra- 
tion be  used  in  analyses  of  global  problems  and 
that  the  schemes  used  are  documented  and  main- 
tained in  a  fashion  that  makes  them  available  for 
t^jiUcism — and  improvement. 
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Lessons  from  the  Pkst* 

A  survey  of  some  of  the  commissions,  studies,  and  task  forces  of  the  past  70 
yiMTs  whose  experiences  might  he  hel|^  to  those  now  attempting  to  provide 
methous  and  instructions  in  support  of  decision-making  for  international  efforts 
in  population,  resources,  and  tiie  environment. 


Introduction^ 

A  study  of  the  world*s  population,  natural 
resources,  and  environment,  inade  at  this  junc- 
ture, must  be  viewed  in  histoiical  perspective.  If 
tHe  study  is  to  serve  as  a  foundation  for  the 
natiOT*s  longer-term  planning,  as  directed  by  the 
President,  it  must  take  cognizance  of  the  similar 
major  efforts  that  have  gone  befo  e  and  consider 
,  their  strengths  and  weaknesses.  Experiences  of 
the  pasi  have  much  to  teach  us  about  what 
arrangements  will  and  will  not  lead  to  quality 
analysis,  decisions,  and  actions  addressed  to  im- 
portant long-term  issues.  This  appendix  w:H 
briefly  examine  studies,  commlbsions,  and  institu- 
tional efforts  conducted  during  this  century  on 
population,  natural  resources,  environment,  and 
related  sutiiects  to  see  w^^  lessons  can  b&  learned 
from  these  experience^  lal  might  be  applicable 
today.  Commissions  reviewed  in  this  appendix 
have  in  coomion  high-level  governmental  connec- 
tions and  include  for  the  most  part  presidentially 
appointed  or  designated  groups  looking  into  na- 
tional and  international  issues  concerned  witb 
population,  natural  resources,  or  the  environment. 

There  has  never  been  an  organized,  continuing 
effort  in  the  federal  government  to  take  a  holistic 
approach  toward  consideration  of  probable  > 
changes  in  population,  natural  resources,  and  the 
environment.  Yet  a  number  of  attempts  to  tackle 
parts  of  the  problem  have  been  undertaken  daring 
the  last  70  years.  Starting  with  the  second  Theo- 
dore Roosevelt  Administration,  continuing  through 
10  years  of  Franklin  D.  Rooseveit's  Administra- 
tion, and  during  the  25  years  from  Truman  to 
Ford  I  temporary  presidential  and  congressional 

*As  noted  in  the  kcknowiedgments,  this  appendix  is  the 
commissioned  work  of  Robert  Cahn  and  I^ticia  L.  Cahn 
The  opink>ns  expressed  are  those  of  the  ?^uthCTs  and  are  not 
necessarily  endorsed  by  the  participating  agencies  cr  their 
representatives. 


conunittees,  conunissions,  and  boards  have  flow- 
ered an(|  wihed  fix>m  timt  to  time.  For  the  most 
part,  this  futures  work  covered  the  nation^s  natu- 
ral resources  and  materials  and  produced  res>ilts 
that  have  proved  helpful  in  some  measure.  Rarely, 
however,  dki  such  groups  consider  global  poten- 
tials and  problems,  and  then  only  superficially. 

Over  the  years,  government  has  tended  to  wait 
until  crises  occur  and  then  has  reacted  to  thenr>— 
rather  th^n  study  and  analyze  issues  beforehand. 
On  those  occasions  when  groups  have  addressed 
problems  ^th  an  eye  to  the  future,  a  President — 
and  otliers  who  initiate  such  studies — have  seldom 
sustained  the  original  level  of  interest,  although 
much  valuable  data  has  been  developed,  alterna- 
tive choices  have  been  explored,'and  options  have 
been  presented  in  the  form  of  reconunendations. 
in  most  cases,  suggestions  or  recbnmendattons 
have  been  nuide  for  the  formation  of  an  institution 
ta  carry  on  the  work  of  looking  at  future  prob- 
lems, but  none  of  the  reconunendations  has  led  to 
establishing  a  permanent  group.  Thus  decision- 
makers and  the  public  have  never  had  the  benefits 
that  wouM  accrue  if  a  long-range  study  group  at  a 
high  level  of  government,  free  from  pressures  Q>r 
immediate  results,  had  been  in  existence  to  offer 
alternatives  that  might  help  avert  or  solve  future 
difficulties.  "  r 


Historical  Perspective,  1906-1%7 

The  Theodore  RooseveH  Adminislnitkm 

National  Conservation  Com'  lission  (1908). 
Even  as  far  back  as  the  first  decade  of  the  20th 
century,  when  natural  resources  dl^emed  virtually 
inexhaustible,  a  few  conscientious  conservation- 
ists were  looking  into  the  future  to  a  time  of 
scarcities  and  shortages.  '*The  Nation  is  in  the 
position  of  a  man,  who,  bequeathed  a  fortune,  has 
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gone  on  spending  it  recklessly,  never  taking  the 
trouble  to  ask  the  amount  of  his  raheritanpe,  or 
how  long  it  is  likely  to  last."  That  picture, 
probably  overly  grim  for  its  time,  was  painted  at 
the  initial  meeting  in  1908  of  the  executive  com- 
mittee of  the  newly  appointed  National  Consefva- 
tion  Commission.  The  group  promptly  agreed  to 
have  a  study  made  to  estimate  the  existing  avail- 
able natural  resources,  the  proportion  that  had 
already  been  used  or  exhausted,  the  rate  of 
increase  in  their  consumption,  and  the  length  of 
time  these  resources  would  last  if  the  present  rate 
of  use  was  to  continue.  Thus  began  the  first 
national  inventory  of  natural  resources. 

President  Theodore  Roosevelt  created  the  Com- 
,  mission  a»  an  outgrowth  of  the  May  1908  White 
House  Conference  on  Natural  Resources.  He 
appointed  49  members,  with  about  equal  represen- 
tation among  scientists,  industry  leaders,  and 
public  Officials,  but  when  the  President, requested 
funds  of  Congress  ic^carry  out  the  inventory;  the 
Senate  voted  down  the  bill.  Nevertheless,  by 
presidential  order  Roosevelt  directed  the  heads  of 
several  bureaus  to  make  investigations  as  re- 
quested by  the  Commission  in  the  areas  cf  min- 
erals, water  resources,  forests,  and  soils. 

Tlj^e  full  Commission  met  on  December  I,  1908, 
to  hear  the  reports  of  experts,  which  were  later 
transmitted  to  the  President  in  three  volumes. 
This  first  inventory  of  tfie  nation's  natural  re- 
sources was  "but  an  approximation  to  the  truth," ^ 
'  rote  resource  expert  Charles  Richard  Van  Hise 
m  1911.  "But  it  is  an  immense  advance  over 
■guesses  as  the  natural  wealth  of  the  nation  .  .  . 
[and]  fu0i!shts  a  basis  for  quantitative  and  there- 
fore scientific  discussion  of  the  future  of  our 
resources."  The  Commission's  report  was  pub- 
li^^hed  as  a  Senate  document  in  a  limited  edition. 
(The  Commission's  recommendation  for  a  popular 
edition  had  been  turned  dowa  by  the  House 
Committee  on  Printing.) 

Before  leaving  office.  President  Theodore  Roo- 
sevelt sought  to  broaden  interest  in  ;he  conserva- 
tion of  resources  beyond  U.S.  boundaries.  He 
invited  the  governors  of  Canada  and  Newfound- 
land and  the  President  of  Mexico  to  appoint 
Natural  Resource  Commissioners  and  send  repre- 
sentatives to  a  meeting  with  his  National  Conser- 
vation Commission.  At  this  first  North  American 
Conservation  Conference,  held  in  Washington, 
D.C.,  in  February  1909,  a  Declaration  of  Princi- 
ples was  issued,  and  th"?  foundings  of  permanent 
conservation  commissions  in  each  '^ountry  was 
recommended. 

In  a  separate  action.  President  Roosevelt  re 
quested  all  the  world  powers  to  meet  at  The 


Hajlie  for  the  purpose  of  considering  the  conser- 
vation of  the  natural  resources  of  the  entire  globe. 
Efforts  to  institutionalize  concern  for  preservation 
of  naturpj  resources  faded,  however,  after  William 
Howard  Taft  became  President  in  March  1909,  ^ 
and  the  I'^tcmatiunal  conference  was  never  held. 
The  intense  congressional  opposition  accorded 
these  efforts  resulted  not  so  much  ftx)m  objections 
to  the  subject  matter  as  from  reaction  to  what  the 
legislators  regarded  as  the  President's  attempt  to 
bypass  Congress  by  appointing  too  many  presi- 
dential commissions.  The  opposition  pit  vented 
the  National  Conservation  Commission  and  its 
inventory  of  resources  from  becoming  a  congres- 
sionally  mandated  effort.  Gifford  Pinchot,  whom 
Roosevelt  had  appointed  as  head  of  the  National 
Conservation  Commission,  did  keep  the  Commis- 
sion alive,  but  without  President  Taft's  approval 
and  at  his  own  expense,  and.  the  Commission 
evolved  into  a  kind  of  private  lobby  for  conserva- 
tion. 

The  Hoover  Administration 

President's  Research  Committee  on  Social 
Trends  {1929).  The  first  organized  etfbrf  in  the 
area  of  social  reporting  was  made  in  the  autumn 
of  1929,  when  President  Herbert  Hoover  ap- 
pointed a , President's  Research  Committee  op 
Social  Trends.  The  six-member  committee, 
chaired  by  Wesley  C.  Mitchell,  included* Charles 
E.  Merriam  (who,  '^vith  Mitchell,  was  to  become  a 
member  of  Franklin  D.  Roosevelt's  original  three- 
man  National  Planning  Board)  and  William  F. 
Ogbum,  who  was  designated  director  of  research. 
The  Committee  was  called  upon  "to  examine  and 
report  upon  recent  social  trends  (n  the  United 
States  with  a  view  to  providing  such  a  review  as 
might  supply  a  basis  for  the  formulation  of  large 
national  policies  looking  to  the  next  phase  in  the 
Nation's  development."  ITie  Committee  issued 
annual  reports,  under  the  editorship  of  Ogbum, 
for  five  years— until  the  end  of  the  Hoover 
Administration  in  1933.  ^ 

Ogbum  then  published  a  book.  Recent  Social 
Trends,  comprising  a  report  by  the  Committee,  to 
whicH  a  group  of  papers  by  experts  had  been 
added.  In  a  Foreword,  dated  October  1932,  Hoo- 
ver wrote:  "It  should  serve  to  help  all  of  us  to  see 
where  social  stresses  are  occurring  and  where 
m^jor  efforts  should  be  undertaken  to  deal  with 
them  constructively."  The  Committee  Claimed 
that  the  importance  of  their' reports  and  of  the 
book  was  in  the  effort  to  interrelate  the  diyointed 
factors  and  elements  in  the  social  life  of  America 
and  to  view  the  situation  as  a  whole. 
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Many  government  organizations  and  prtvate 
citizens  centributed  to  the  study,  but  the  work 
received  its  miyor  funding  from  the  Rockefeller 
Foundation.  The  book  did  not  take  up  war,  peace, 
or  foreign  policy,  nor  did  it  mention  the  economic 
situation  that  was  developing  into  the  Great 
Depression,  and  there  was  no  chapter  devoted  to 
social  science  research  itself.  The  topics  discussed 
were  population,  utilization  of  natural  wealth,  the 
influs^nce  of  invention  and  dis<;overy,  communica- 
tion, shifting  occupational  patterns,  the  rise  of 
metropolitan  communities,  the  status  of  racial  and 
ethnic  groups,  the  family  and  its  functions,  the 
activity  of  women  outside  the  horpe,  childhood 
and  youth,  tfae  people  as  consumers,  health  and 
medical  pracCke,  public  welfare  activities,  and 
government  ano^society. 

in  a  1%9  arlTcle.  social  Scientist  Daniel  Bell, 
harking  back  to  Reient  Social  Trends,  com- 
mented on  the  report's  chapter  on  medicine, 
which  dealt  with  the  rise  of  specialized  medical 
practice,  the  divergence  between  research  and 
general  practice,  and  the  consequences  of  geo- 
graphical concentration.  If  the  signposts  in  that 
chapter  had  been  heeded,  he  wrote,  they  "wouW 
have  gone  far  to  avert  the  present  cnsis  in  the 
delivery  of  health  care."  Bell  idso  claimed  that  the 
chapter  on  metropolitan  communities  was  an 
accurate  foreshadowing  of  postwar  suburban 
problems. 

The  Franklin  D.  Roosevelt  Administration 

National  Planning*  Board,  National  Resumes 
BoUrd;  NatioHiti  Resotmes  Planning*  Hoard  19JJ- 
43.  For  the  first  10  years  of  Franklin  D.  Roose- 
velt's Presidency,  the  availability  of  natural  re- 
sources to  meet  fiJtMre  needs  for  at  least  six  years 
ahead  was  a  primary  consideration  of  the  National 
Resources  Planning  Board  and  its  two  predecessor 
organizations.  Two  special  commitments  of  the 
President— conservation  of  natural  resources  and 
government  planning  to  achieve  social  goals — 
were  linked  in  Roosevelt's  use  of  this  Board. 

The  effort  started  in  1933  when  a  National 
Planning  Board  was  established  under  Interior 
Secretary  Harold  Ickes'  Publk  Works  Administra- 
tion to  coordinate  the  planning  of  public  works 
projects.  The  President's  uncle,  Frederick  De- 
lano,* was  a  Board  member  along  with  pt^Iitical 

*  Delano  had  been  chairman  of  a  privately  funded  otizens 
study  of  the  Joint  Committee  on  Bases  of  Sound  I  and 
Policy,  which  m  1929  issued  a  l6ii-paBe  report  Whui  Ahout 
Ihr  Year  2000'  This  was  an  economic  summary  of  answers 
to  the  questions  •  Will  our  land  area  in  the  United  States 
meet  the  demands  of  our  future  population'^"  and  "How 
arc  we  to  determine  the  best  use  of  our  land  resources'*" 
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scientist  Cliarles  Merrium  and  economist  Wesley 
Mitchell.  Xhe  following  year,  when  Ccngiress  by 
joint  resolution  asked  the  President  for  a  compre- 
hensive plan  for  the  development  of  the  nation's 
rivers,  Rooseveh  sought  to  make  the  Planning 
Board  a  part  of  the  White  House  and  to  give  it 
the  lead  role  in  the  river-^apning  project.  Ickes, 
aided  by  other  Cabinet  officers,  fought  the  Presi- 
dent's idea,,  and  a  compromise  resulted  in  the  so- 
called^ational  Resources  Board,  its  six  CabL^et 
officers  cTnder  Ickes,  as  Chairman,  outnumbering 
the  three  members  of  the  former  Manning  Board. 

In  December  1934,  the  new  Board  produced  an 
extensive  report.  Its  almost  500  pages,  the  Board 
claimed,  "brings  together  for  the  fuat  time  in  our 
history,  exhaustive  studies  highly  competent 
inquirers  of  land  use,  water  use,  minerals,  and 
rcLlcu  piiulic  works  in  their  relation  to*each  other 
and  to  national  planning.''  The  report  addressed 
itself  Vo  such  problems  as  "Maladjustments  in 
Land  Use  and  in  the  Relation  of  Our  Population 
to  Land,  and  Proposed  Lines  of  Action."  It  also 
mcluded  an  inventory  of  water  resources,  a  dis- 
cussion of  policies  for  their  use  and  control, 
recommendations  for  a  national  mineral  policy 
and  a  discussion  of  its  international  aspects. 

The  December  1934  report  to  the  President 
pointed  to  the  significance  of  the  recommenda- 
tions from  the  two  technical  committees  that  had 
assisted  in  preparing  the  report— dne  on  land-use 
planning  and  one  on  water  planning.  Both  com- 
mittees recommended  the  need  for  a  permanent 
planning  organization.  The  report  repeated  a  rec- 
ommendation of  the  former  Planning  Board  that  a 
perpianent  national  planning  agcfncy  be  estab- 
lished. In  defense     planning,  the  repoi^  stated: 

It  is  not  necessary  or  desirable  that  a  central 
system'  of  planning  actually  cover  all  lines  of* 
activity  or  forms  of  behavior.  Such  planning 
overreaches  itself.  Over-centralized  planning  must 
soon  begin  to  plan  its  own  decentralization,  for 
goixl  man<igement  is  local  self-government  under 
a  central  supervision.  Thus  wise  planning  provides 
for  the  encouragement  of  local  and  personal 
initiative. 

Bills  to  institutionali^te  a  national  planning 
agency  were  defeated  tn  Congress  during  the  next 
four  years,  with  opposition  coming  from  antiplan- 
ners  in  Congress,  from  within  the  Administration 
(notably  the  Army  Corps  of  Engineers,  the  Forest 
Service,  the  Tennessee  Valley  Authority,  and  the 
Bureau  of  Recitation),  and  frogi  a  powerful 
lobbying  grqiip  known  as  the  Rivers  and  Harbors 
Congress.  ' 
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Finlily,  in  1939,  after  Roosevelt  had  succeeded 
in  getting  his  executive  reorganization  plan 
through  Congress  and  establishing  an  Executive 
Office  of  the  President  (without  the  planning 
agency,  of  which  Congress  unrelentingly  disap- 
proved), he  reconstituted  his  planning  group  into 
th^  National  Resources  planning  Board  and 
placed  it  in  his  Executive  Office  by  presidential 
order.  Although  this  action  was  unpopular  with 
Congress,  Roosevelt  used  his  personal  influence 
to  get  about  $  I  million  a  year  appropriated  for  the 
Board's  activities. 

From  1934  to  1939,  Delano,  Merriam,  and 
Mitchell  had  continued  to  serve  as  a  planning 
board  and  as  planning  advisers  to  the  President. 
As  members  of  the  revised  National  Resources 
Planning  Board,  the  three  established  a  number  of 
technical  committees  and  afield  organization.  By 
1943  the  Board  had  150  full-time  Washington 
employees,  72  field  employees,  and  35  per  diem 
consultants.  As  its  staflF  proliferated,  however,  it 
^ost  much  of  the  influence  it  had  gained  as  a 
coordifiatmg  body  and  became  merely  one  agency 
among  many.  It  met  formarty  with  the  President 
more  than  50  times,  and  held  many  informal 
meetings  for  discussion  of  long-range  problems. 
Its  proposals,  however,  did  not  ordinarily  include 
detailed  recommendations  for  implementation, 
and  the  Board  did  not  stnve  for  action.  In  1939, 
when  World  War  II  began,  the  Board  shifted  its 
prionty  to  postwar  planning.  After  the  1940  elec- 
tion. President  Roose/elt  instructed  the  Board  "to 
collect,  analyze,  and  collate  all  constructive  plans 
for  ^ificant  public  and  private  action  in  the 
post-defense  penod  insofar  as  these  have  to  do 
with  the  natural  and  human  resources  of  the 
Nation.'' 

Although  Roosevelt  had  been  the  Board's"  chief 
(and  sometimes  its  only)  power  base,  he  finally 
became  resigned  to  the  fact  that  it  could  not  be 
permanently  established  and  in  1943  signed  an 
appropriations  bill  directing  that  the  National 
Resources  Planning  Board  be  abolished  and  that 
its  functions  not  be  transferred  to  any  other 
agency. 

During  the  10  years  of  their  existence,  the 
Board  and  its  predecessors  issued  numerous  re- 
search publications,  including  extensive  data  col- 
lections and  studies  of  many  national  problems. 
They  conducted  statistical  and  analytical  studies 
on  subjects  such  as  river  basin  development  and 
frequently  aided  some  federal  agencies  in  getting 
their  ideas  up  to  the  President.  More  than  300 
publications  reveal  how  Roosevelt's  boards  had 
expanded  from  natural  resource  studies  and  plan- 


ning inta  other  futures  efforts  and  subjects  that 
had  laigely  been  neglected.* 

Part  of  the  Roosevelt  boards'  poor  relations 
with  Congress  derived  from  the  members'  belief 
that  as  a  staff  arm  of  the  President  they  should 
not  develop  close  relationships  with  Coi^ress. 
The  National  Resources  Planning  Board  gave'  little 
encouragement  to  -nembers  of  Congress  who  were 
sympathetic,  and  its  work  (some  Congressmen 
thought)  enhanced  the  power  of  the  Presidency 
unduly  and  contributed  to  loss  of  power  by 
Congress. 

The  Truman  Adininistration 

President's  \faterials  Policy  Commission  (i95h. 
After  the  high  rate  of  consumption  of  natural 
resources,  especially  minerals,  during  World  War 
II.  potential  scarcities  of  industrial  materials 
threatened  the  nation.  Then  the  Korean  War 
caused  prices  of  materials  to  rise  sharply,  and  the 
fact  that  the  nation's  resources  strength  was 
indeed  limited  became  increasingly  recognized. 
On  the  recommendation  of  W.  Stuart  Symington, 
then  chairman  of  the  National  Security  Resources 
Board,  President  Harry  S.  Truman  created  the 
President's  Materials  Policy  Commission  in  Janu- 
ary 1951.  He  charged  the  new  Commission  to 
"make  an  objective  enquiry  into  all  major  aspects 
of  the  problem  of  assuring  an  adequate  supply  of 
production  materials  for  our  long-range  needs  and 
to  make  recommendations  which  will  assist  me  in 
formulating  a  comprehensive  policy  on  such  ma- 
terials.'^ In  a  letter  to  Commission  Chairman 
William  S.  Paley  (Columbia  Broadcasting  System 
Board  Chairman),  President  Truman  wrote:  *We 
cannot  allow  shortages  of  materials  to  jeopardize 
our  national  security  nor  to  become  a  bottleneck 
to  our  economic  expansion." 

When  the  President  called  Mr.  Paley  and  the 
four  other  members  of  the  blue-ribbon  citizen 
Commission  to  his  office  late  in  January  1951,  he 
included  in  his  directions  the  need  to  make  their 
study  international  in  scope  and  to  consider  the 
needs  and  resources  of  friendly  nations.  The  18- 
month  study  was  the  most  comprehensive  of  its 


*  SignifiCdnt  titles  include  Etonomu  \  of  Planning  of  Puhiu 
\^ork\.  Human  Resounes,  Trends  in  IJrhon  (jovernmvnt, 
Rural  Zoniny.  Our  Cities,  Their  Role  in  the  National 
hionomw  Tet  hnf}lofi\  and  Planning.  Consumer  Imomes. 
Problems  of  a  Chan^in^  Population.  A  Plan  for  New 
England  Aimnrts,  Urban  Planning  and  l.and  Polities, 
Housing  Progress  and  ProbUms.  War-Time  Planninfi  in 
dermanw  Rates  and  Rate  Structure.  Transportation  Coor- 
dmation.  Railroad  Finanrinfi,  After  Do  fens*' — Whal'*,  The 
tuture  of  Transportation,  The  Framework  of  an  Eionom\ 
of  Plentw  and  Post-War  Problems  of  the  Am  raft  industry 
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type  ever  done.  Seven  Cabinet  departments  and 
25  federal  agencies  or  commissions  r«iade  special 
fivestigatioiis,  loaned  personnel,  and  gave  con- 
sulting h^lp.  Research  assistance  was  provided  by 
20  universities,  as  well  as  by  experts  firom  more 
than  40  industries,  the  International  Materials 
Conference,  the  International  Bank  for  Jlecon- 
stniclion  and  Development,  and  the  International 
Monetary  Fund. 

■  The  resulting  5-volume  report.  Resources  for 
Freedom,  published  iri  June  1952,  contained  some 
far-reachii^g  recommendations,  but  it  did  not  cre- 
ate any  great  public  splash,  nor  did  it  have  an 
immediate  effect  on  national  policy.  It  was,  how- 
ever,  the  first  m^or  study  to  perceive  the  re- 
sources situ:ition  as  a  prdblem  not  of  absolute 
shortages  but  of  dealing  with  rising  '*real  costs," 
which  would  be  at  !east  as  pernicious  than  short- 
ages. In  retrospect,  it  is  easy  ^tp  see  that  the 
Commission  neglected  several  jifeas  now  per- 
ceived as  vitai,  such  as  population  trends  and 
environmental  factors  relating  to  the  new  techno- 
logical developments  that  the  Commission  as- 
sumed would  alleviate  many  future  shortage  prob- 
lems. While  the  report  emphasized  the  danger  of 
increased  U.S.  dependence  on  foreign  sources  of 
raw  materials,  it  saw  as  the  main  problem  the 
technical  difficulties  trf  obtaining  materials  from 
less  developed  countries  without  first  considering 
the^  trade  or  political  factors  that  might  block 
access  to  Ihe  resources. 

The  Commission's  inventory  of  resources,  its 
studies,  and  its  projections  for  the  ensuing  23 
years  were  extremely  valuable,  and  a  number  of 
its  recommendations  were  prescient.  In  projecting 
materials  availability  a  quarter  of  a  century  ahead, 
it  proved  remarkably  accurate  in  several  areas. 
The  Commission  recommended  that  the  nation 
should  have  ''a  comprehensive  energy  policy  and 
program  which  embraces  all  the  narrower  and 
more  specific  policies  and  programs  relating  to 
each  type  of  energy  and  which  welds  these  pieces 
together. into  a  consistent  and  mutually  supporting 
pattern  with  unified  direction.'' 

The  concluding  chapter  of  the  Commission's 
first  volume  addressed  the  problem  of  ** Preparing 
for  Future  Policy."  It  stated  that  no  single  study 
by  a  temporary  group  can  deal  adequately  with 
the  immensely  complicated  situation  **cutting 
across  the  entire  economy,  persisting  indefinitely, 
and  changing  from  year  to  year." 

The  report  recommended  that  a  single  agency — 
not  an  operating  agency-^should  survey  the  total 
pattern  of  activities  in  the  materials  and  energy 
field,  make  periodic  reports  to  industry,  the  pub- 
tic,  and  to  the  legislative  as  well  as  executive 


ERLC 


branches  of  government  and  be  an  advisory  body 
located  in  the  Executive  6ffice  of  the  President, 
filing  recommendations  for  long-range  policy 
(as  much  as  25  years  ahead).  The  Commission 
somewhat  perfunctorily  recommended  as  a  possi- 
ble solution  that  the  existing  National  Security 
Resources  Board  (NSRB)  in  the  Executive  Office 
of  the  President  serve  this  function.  The  NSRB 
,  could,  if  given  funds  and  authority,  collect  in  one 
place  the  fects,  analyses  atid  program  plans  of 
other  agencies  on  materials  and  energy  problems. 
The  Board  couki  also  evaluate  materials  programs 
and  policies  in  all  these  fields;  it  codid  recommend 
appropriate  action  for  the  guidance  of  the  Presi- 
dent, the  Congress,  and  the  Executive  agencies, 
and  report  annually  to  the  President  on  the  long- 
term  outlook  for  materials,  v/ith  emphasis  on 
significant  new  problems,  major  changes  in  out-, 
look,  and  necessary  modificationsjrf  policy  or 
program.  The  Paley  Commission  suggested  that  to 
the  fullest  extent  consistent  with  national  security, 
the  annual  reports  should  be  made  public. 

The  Paley  Commission  report  reached  President 
Truman  in  June  195^  By  then  the  resources 
scarcity  issue  had  lost  its  political  priority  and 
failed  to  arouse  public's  concern.  Tniman  took 
the  logical  step  of  directing  the  NSRB  to  review 
the  report  and  its  recommendations  and  to  advise 
him  of  follow-up  actions  deemed  appropriate.  He 
wrote  to  NSRB  Chairman  Jack  Gorrie  on  July  9,  , 
1952,  asking  the  Security  Resources  Board  to 

initiate  a  continuing  review  of  materials  (including 
energy)  poticLes  and  programs  within  the  execu- 
tive branch,  along  the  lines  recommended  by  the 
Conunission,  and  report  annually  to  the  President 
on  the  progress  otmaterials  programs  and  policies 
and  the  long-term  outlook  for  materials,  with 
emphasis  on  significant  new  programs. 

The  NSRB  had  been  established  within  the 
Executive  Office  of  the  President  under  the  Na- 
tional Security  Act  of  1947,  and  its  function  was 
to  advise  th^  President  on  the  coordination  q( 
military,  industrial,  dnd  civilian  mobilization. 
Thus,  many  of  its  activities  were  concerned  with 
materials.  Serving  on  the  Board  were  the  Se^- 
taries  of  Agriculture,  Commerce,  InlpucTrTand 
Labor  and  the  heads  of  the  National  Security 
Agency,  the  Deffense  Materials  Procurement 
Agency,  and  the  Defense  Production  Administra- 
tk>n. 

NSRB  Chairman  Corrie  submitted  his  report  to 
Presklent  Tniman  in  1953,  six  weeks  before  Tru- 
man left  office.  It  tnduded  a  recommendatton  for 
the  President  to  "ask  the  Congic^*^  ta»provide  the 
tH^RB  with  adequate  funds  to    able  the  Board 
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to  develop  policy  designed  to  improve  the  national 
position  with  respect  to  resources  affecting  the 
Nation's  security,  and  to  carry  out  the  directives 
in  the  President's  memorandum  of  July  9,  1952." 

Truman  left  office  without  taking  any  action  on 
this  recommendation.  The  new  Eisenhower 
Administration,  committed  in  the  election  cam- 
pai^  to  a  lessening  of  federal  interventioif^and  a 
cutting  back  of  government  agencies,  ignored  the 
Commission's  recommendations,  and  NSRB 
eventually  faded  out  of  existence. 

Resources  for  the  Future  (1952).  William  Paley, 
foreseeing  the  problem  posed  by  lack  of  a  contin- 
uing body  to  carry  out  recommendations  of  the 
President's  Materials  Policy  Commission,  set  up 
an  office  with  his  ©wn  funds  to  respond  ta 
questions  about  the  Commission's  report,  to  keep 
some>.of  the  statistics  up  to  date,  and  to  keep 
public  interest  aljve.  He  established  his  small 
office  m  1952  as  a  nonprofit  corporation  with  the 
name  Resources  for  the  Future. 

About  this  time,"  a  group  of  conservationists, 
led  by  former  National  Park  Service  Director 
Horace  M.  Albright  (who  was  also  prominent  in 
the  njining  industry)  were  trying  to  interest  the 
Ford  Foundation  in  establishing  a  fund  to  provide 
financial  assistance  to  conservation  organizations. 
Among  Albright's  25  cosJx)nsors  was  Paley,  who 
also  served  on  a  Ford  Foundation  program  devel- 
opment committee  on  natural  resources.  This 
committee  recoinipended  establishment  of  an  in- 
dependent resources  center  to  provide  up-to-date 
inTormation  in  conservation  and  natural  resources 
and  a  continuous  evaluation  of  the  long-range 
programs  of  the  federal  government.  The  commit- 
tee also  recommended  a  White  House  National 
Resources  Conference,  patterned  after  Theodore 
Roosevelt's  1908  Conference  on  Natural  Re- 
sources. 

As  a  result  of  these  recommenciations,  the  Ford 
Foundation  a^ced  to  back  the  conference  i*nd  to 
set  up  a  «*search  center — for  which  purpose  Paley 
then  turned  over  his  nonprofit  corporation.  Re- 
sources for  the  Future,  At  a  December  1952 
meeting  in  New  York,  Albright  succeeded  in 
getting  President-Elect  Dwight  D.  Eisenhower  to 
agree  to  sponsor  the  White  House  Conference. 
But  shortly  after  inauguration,  the  President's 
Chief  of  Staff  Sherman  Adams  sought  to  kifl  the 
Conference  because,  according  to  Albright,  Ad- 
ams thought  he  detected  a  strong  odor  of  'ex- 
New  Dealers,'*  idealists,  and  plannfers  on  the  staff* 
and  bo<»rd  of  directors  of  Resources  for  the 
Future.  After  Albrighi  and  PaJey  persuaded  Lewis 
W.  Douglas,  former  director  of  the  Bureau  of  the 


Budget  and  a  conservative  critic  ot  Jhe  New  Deal, 
to  serve  as  Conference  chairman,  Ada*T.s  compro- 
mised. He  agreed  that  Eisenhower  would  be  the 
Conference  keynote  speaker  but  insisted  that  the 
Conference  should  not  be  sponsored  by  the  White 
House.  The  resulting  3-day  Mid-Century  Confer- 
ence on  Resources  for  the  Future  drew  1,600 
participants  in  December  1953.  Although  it  en- 
dorsed no  legislative  or  political  prpposals,  the 
Conference  did  call  attention  to  the  need  for 
policy  changes  and  continuing  research  in  re- 
sources management. 

Resources  for  the  ^Future  carrigd  on  some  of 
the  work  of  ihe  Paley  Commission.  Although  it 
could  not  directly  influence  government  policy 
and  was  nok  ordinarily  international  in  scope,  it 
continued  to  make  long-range  projections  of  the 
national  economy  based  on  population,  the  labor 
force,  productivity,  and  other  factors.  It  then  tried 
to  predict  4*roni  these  findings  the  probable  re-' 
source  requirements,  and  match  them  against 
possible  supply,  with  attention  to  prices.  F^ey 
continued  to  serve  on  the  board  of  directors  and» 
was  partly  responsible  for  the  inauguration  of  a 
major  study,  •  published  in  1963,  Resources  in 
Americas  Future,  l%0-2000. 

The  Eisenhower  Administration 

Outdoor  Recreation  Resources  Review  Com- 
mission  {!958}.  One  of  the  most  successful  presi^ 
dential  commissions  in  recent  times — in  terms  of 
getting  its  major  recommendations  implemented— 
was  the  Outdoor  Recreation  Resources  ReView 
Commission,  which  spanned  two  administrations. 
Congress  passed  the  Act  establishing  the  Commis- 
sion  in  June  1958  after  many  years  of  lobbying  by 
conservation  groups.  Although  the  Commission 
was  not  estaj)lished  by  presidential  request,  Eisen- 
hower readily  signed  the  law  and,  after  a  delay  of 
several  months,  appointed  the  respected  philan- 
thropist and  conservationist  Laurance  S.  Rocke- 
feller Chairman.  Eight  congressmen  and  six  public 
figures  representing  widespread  interests  in  out- 
door recreation  rounded  out  the  Commission. 

Although  the  timing  of  the  Commission's  report 
of  its  study  violated  one  of  the  basic  axioms  oft 
presidential  commissions  (don't  start  a  study  in 
one  Administration  and  present  the  resultf  to  a 
new  Administration— especially  an  Administration^ 

the  other  political  party),  almost  everything  else 
about  the  Commission  was  a  perfect  example  of 
.how  a  presidential  commission  can  operate  to 
achieve  its  ends.  The  law  establishing  ihe  Com- 
mission was  carefully  drawn  so  as*  to  involve 
members  of  Congress  wha  could  later  sponsor 
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legislation  to  carry  out  the  Commission's  recom- 
mendationi,.  The  law  provided  for  the  appoint- 
mc  u  of  two  msyority  and  two  minority  members 
^  of  both  the  Senate  and  House  Interior  Commit- 
tees. This  provision  ensured  stability  in  case  of 
changes  in  congressional  assignments. 
The  law  also  provided  for  an  Advisory  Council 

*  composed  of  the  Secretaries  of  federal  depart- 
ments and  the  heads  of  independent  agencies  with 
a  direct  interest  and  responsibility  in  outdoor 
recreation,  as  well  as  25  citizen  members  covering 
most  interests  and  geographic  areas. 
.  Chairman  Rockefeller  had  national  statuie  and 

an  aptitude  for  working  with  Congress,  the  exec- 
utive branch,  and  citizen  groups.  He  attracted  a 
bright,  capable  staff  with  administrative  abilities 
(it  included  the  future  Governor  of  Massachusetts 
^  and  the  first  head  of  tlie  National  Endowment  for 
*  the  Arts). 

The  research  undertaken  by  the  Commission 
gave  a  solid  base  to  its  recommendations  and  was 
valuable  as  well  as  newsworthy.  The  recommen- 
dations included  an  institution  through  which 
Commission  goals  could  be  carrie<^^out.  A  ftHlow- 
on  citizen  lobbying  and  information  activity  was 
organized  by  the  Coitfmission  chairman  to  stimu- 
late continuous  press  and  puBlic  interest  and  to 
work  for  implementation  of  the  recommendations. 

The  Act  creating  the  Commission  set  forth 
three  basic  goals.  They  were  to  determine:  (1)  the 
outdoor  recreation  wants  and  needs  of  the  Ameri- 
can people  at  that  time  and  for  the  years  1976  and 
2000;  (2)  the  recreation  resources  of  the  nation 
available  to  satisfy  those  needs — for  the  same 
three  periods;  and  (3)  policies  and  programs  that 
would  ensure  that  present  and  future  needs  would 
be  adequately  met. 

The  Commission  staff,  working  with  federal 
agencies  and  private  groups,  devised  a  system  of 
classifying  outdoor  recreation  resources  so  as  to 
provide  a  comn^on  framework  and  serve  as  a  tool 
in  recreation 'management.  Particular  types  of 
resources  and  areas  wouW  b«  managed  for  spe- 
cific uses  such  as  high  density  recreation,*wi\ique 

4        natural  areas,  wilderness,  or  historic  and  culti^al 
sites. 

Five  joint  two-day  meetings  were  held  by  the 
Commission  with  the  Advisory  Council,  during 
which  they  made  on-site  inspections  of  the  various 
types  of  federal  and  state  recreation  areas,  includ- 
^  ing  some  where  they  camped  oot* overnight.  When 
the  Commission  adopted  a  draft  of  its  recommen- 1 
dations,  they  submitted  the  recoAimendations  to 
the  Advisory  Council  for  additions  or  changes. 

The  msyor  items  among  the  53  recommenda- 
tions of  the  Commission  were: 
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•  Establishment  of  a  Bureau  of  Outdoor  Recrea- 
tion in  the  Department  of  the  Interior  to  coordi- 
nate  the  recreation  activities  of  the  federal 
agencies,  to  assist  state  and  local  governments 
with  technical  aid,  to  administer  a  grants-in-aid 
program  for  acquisition  planning  for  develop- 
ment and  acquisition' of  needed  areas,  and  to 
act  as  a  clearinghouse  for  information. 

•  Development  of  a  federal  grants-in-aid  program 
with  initial  grants  to  states  of  up  to  75  percent 
of  the  total  costs  for  planning  and  40-50  percent 
of  acquisition  costs. 

•  Provision  of  guidelines  for  managing  areas,  with 
a  common  system  of  classifying  recreatiori, 
lands. 


When  the  Commission /eport  was  submitted  to 
President  Kennedy  bv  Chairman  Rockefeller  in 
January  l%2,  it  had  ihe  unanimous  approval  of 
the  15  commissioners.  The  timing  of  its  release 
was  propitious.  The  popularity  of  outdoor  recrea- 
tion was  boomL,g.  Federal  and  state  lah^d-manage- 
ment  agencies  were  finding  "it  difficult  to  cope 
with  the  growing  numbers  of  visitors,  and  Con- 
gress welcomed  help  in  (Revising  solutions 

Rockefeller  did  not  leave  implementation  of  the 
recommendations  to  chance  or  political  whim. 
With  private  funds  and,  the  cooperation  of  the 
other  citizen  members  of  the  Commission,  he 
immediately  esublished  the  Citize*  Committee 
for  the  Outdoor  Recreation  Resources  Review 
Commission  Report.  Two  full-time  coordinators  * 
were  hired,  both  experienced  conservationists  fa- 
nxiliar  with  .congressional  procedures.  Working 
principally  thro-.gh  citizen  groups,  the  organiza- 
tion concentrated  in  1%J~64  on  acquainting  citi- 
zens with  the  Commission's  report  and  stimulating 
discussion  and  resolution  jof  public  policy  issues 
i^  the  light  of  itsJindings  and  recommendations.. 
Afbooklet,  "Aciion  for  Outdoor  Recreation  for 
Americans,"  was  widely  circulated  and  served  as 
a  follow-up  to  the  report.  Leaders  of  the  Senate^^^ 
and  House  Interior  Committees  who  had  served 
on  the  Commission  introduced  legislation  to  im- 
plement  its  mjyor  recommendations. 

Congress  created  the  Bureau  of  Outdoor  Rec- 
reation in  the  Department  of  the  Interw  to  serve 
as  a  focal  j^int  for  outdoor  recreation  at  the 
federal  level  ^d  a»a  liaison  point  for  similar  state 
and  local  agerjcies,  A  Land  and  Water  Conserva- 
tion Fund  was  established  by  Congress  to  assist 
states  and  local  governments  and  federal  agencies 
to^  acquire  land  for  recreation.  The  fu/'d  was 
generously  endowed  with  a  share  of  the  income 
from  federal  offshore  oil  revenues.  In  1964,  Con- 
gress passed  the  National  Wilderness  Act,  provid- 
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ing  for  a  natiomd  wildemes*  system,  as  recom- 
mcflded  by  the  Commission. 

President  s  Commission  on  National  Goals 
{J960).  A  year  before  leaving  office,  President 
Eisenhower  appointed  the  President's  Commis- 
sion on  National  Goals  "to  develop  a  broad 
outline  of  W)rdinated  policy  and  programs  to  set 
up  a  series  of  goals  in  various  areas  of  national 
activity."  Thi*,  privately  financed  activity  was 
sponsored  by  the  American  Assembly  (Eisen- 
hower had  requested  that  the  effort  be  nonpartisan 
and  have  no  connection  with  the  government). 
The  10  members  of  the  Commission  w?re  all  from 
the  private  sector,  Henry  M.  Wristpn  served  as 
chairman  and  William  P.  Bundy  as  director  of  the 
Commission's  staff.  Approximately  100  people 
took  part  in  discussions  sponsored  by  the  Com- 
mission, and  14  individuals  submitted  essays, 
which  werv  subsequently  published  in  I960,  just 
before  Eisenhower  left  office. 

The  publication's  two  major  sections  covered 
U.S.  domestic  goals  and  the  U.S.  role  in  the 
world.  There  were  chapters  on  education,  science, 
the  quality  of  Amencan  culture,  and  technological 
change,  but  there  were  no  formal  recommenda- 
tions, and  no  follow-up  activity  took  place. 

The  Kennedy  Administration 

National  AiiuUnw  of  Silences  Committee  on 
Natural  Resources  {l%J),  At  the  suggestion  of' 
Presidential  Science  Adviser  Jerome  Weisner, 
President  John  F.  Kennedy  announced  in  a  Spe- 
cial Message  on  Natural  Resources,  FebruarV 
l%l,  thai  he  would  be  asking  the  National 
Academy  of  Sciences  to  undertake 

a  thorough  and  broadly  ba^d. study  and  evaluation 
of  the  present  slate 'of  research  underlying  the 
conservation,  development,  and  use  of  natural 
resources,  how  they  are  formed,  replenished  and 
may  be  substituted  for,  and  giving  particular 
attention  to  needs  for  basic  research  and  to  projects 
that  will  provide  a  better  basis  for  natunii  resour.es 
planning  and  policy  fomiulation. 

Since  Detlev  W.  Bronk,  then  President  of  the 
National  Acjidemy  of  Sciences,  lacked  a  back- 
ground in  natural  resources,  he  appointed  a  Com- 
mittee on  Natural  Resources  to  lead  the  study. 
The  Committee  consisted  of  13  Academy  mem- 
bers, one  of  whom  idso  represented  government* 
Roger  Revelle.  then  Science  Adviser  to  the  Sec- 
retary' of  the  Interior  Bronk  did  not  appoint  a 
Committee  chairman  but  convened  the  oiiganizing 
sessions  himself  and  gate  most  of  the  responsibil- 
ity for  prepani%  the  summary  report  to  John  S. 
Coleman  of  the  Academy  stiiff. 


The  Committee  held  a  number  of  seminars  led 
by  members  of  the  Committee  and  each  biingmg 
together  20  to  30  experts  from  government,  indus- 
try, and  academia  to  discuss  issues  to  be  covered 
in  seven  reports:  Renewable  Resources,  Water 
Resources,  Environmental  Resources  (never  com- 
pleted), Mineral  Resources,  Energy  Resources, 
Marine  Resources,  and  Social  and  Economic 
Aspects  of  Natural  Resources.  After  each  semi- 
nar, the  Committee  convened  for  a  week  to  revise 
its  papers  and  discuss  preparation  of  a  summary 
document.  Although  Frank  Notestein  of  the  Pop- 
ulation Council  was  a  Conrimittee  member,  no 
major  population-related  studies  were  undertaken. 
Two  of  the  six  completed  reports  are  of  special 
interest  herr.  **Energy  Resources  '  by  M.  King 
Hubbert,  then  empfpyed  by  the  Shell  Develop- 
ment Company,  estimated  the  nation's  crude  oil 
reserves  at  aboutfvl75  billion  barrel?.  He  predicted 
that  production  would  peak  in  the  late  1960s  and 
that  thereafter  domesiic  production  and  reserves 
would  decline  (an  estihiate  that  has  proved  highly 
accurate),  flowever.  Interior's  then  Assistant 
Chief  Geologist  Vincent  E.  McKelvey^^had  au- 
thored a  study  for  the  U.S.  Geological  Survey 
which  estimated  that  total  domestic;  oil  reserves 
were  on  the  order  of  590  billion  barrels.  McKelvey 
predicted  that  production  would  n6t  peak  for 
many  years  and  that  scarcities  would  not  occur 
for  30  years  or  so.  As  a  result  of  this  disagree- 
ment, the  committee's  summary  report  did  not 
basfe  its  recommendations  on  Hubbert's  projec- 
tions and  did  not  present  the  oil-depletion  issue  in 
a  form  that  made  clear  the  consequences  and  the 
course  of  action  that  should  be  taken  if  Hubbert 
was  correct. 

Gilbert  White's  report  "Social  and  Economic 
Aspects  of  Natural  Resources"  considered  the 
worldwide  effects  of  population  growth  and  distri- 
bution on  natural  resources  and  also  identified  the 
many  natural  resource  areas  that  required  coordi- 
nation between  resource  development  and  the 
overall  welfare  of  society.  White  stressed  the  need 
to  compare  demand  with  supply  in  both  energy 
and  mineral  production,  te  determine  who  would 
bear  the  costs  of  meeting  future  energy  require- 
ments. 

The  Committee's  summary  report  to  the  Presi- 
dent made  I  I  m^^or  recommendations,  of  which 
the  last  stressed  the  need  for  a  imall  central 
natural  resources  group  within  the  federal  govern- 
ment. Such  a  group  should  be  capable  of  conduct- 
ing a  continuing  overall  evaluation  of  research 
problems  related  to  resources,  of  bringing  to 
public  attention  evaluations  of  natural  resources 
research  needs,  and  of  initiating  and  supporting 
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research  that  falls  outside  the  interests  and  com- 
petencies (rf  existing  agencies.  The  group  should 
also  provide  support  for  international  cooperation 
in  resources  research. 

Submitted  to  the  President  in  November  l%2, 
the  Academy  report  was  referred  to  Presidential 
Science  Adviser  Wiesner,  who  in  turn  referred  it 
to  the  President's  Science  Advisory  Council  and 
.  the  Federal  Council  for  Science  and  Technology. 
Whatever  interest  Wiesner  had  been  able  to 
generate  at  the  presidential  level  at  the  beginning 
of  the  project  had  evaporated  by  the  time  the 
report  was  completed.  Although  the  Academy 
was  eventually  asked  to  design  specific  programs 
to  implement  two  of  the  11  recommendations,  no 
new  research  programs  were  undertaken,  and  no 
continuing  instituMod  was  established. 

In  the  opinion  of  John  Coleman,  who  was 
responsible  for  the  summary  report,  a  temporary 
body  such  as  the  Academy's  Committee  on  Nat- 
ural Resources  had  little  opportunity  to  build  a 
constituency  for  its  recommendations  in  Congress 
or  among  the  public.  And  without  supporters  in 
positions  of  power  or  influence,  there  was  no  way 
to  implement  the  Hndings.  The  Academy  did, 
however,  involve  more  than  one  hundred  experts 
in  the  course  of  preparing  the  reports,  and  Cole- 
man suggests  that  uncounted  benefits  came  from 
the  attention  given  to  future  research  problems  by 
these  experts. 

The  Johnson  Administration 

National  Commission  on  Technology,  Auto- 
mation, and  Economic  Progress  {1964).  In  the 
course  of  its  work,  the  National  Commission  on 
,  Technology,  Automation,  and  Economic  Progress 
(established  by  Congress  in  |%4  with  14  members 
appointed  by  President  Lyndon  B.  Johnson)  con- 
sidered national  goals  and  a  system  of  social 
reporting.  The  Conynission's  report  to  the  Presi- 
dent early  in  1966  stated  that  formation  of  a 
national  body  of  distinguished  citizens  represent- 
ing diverse  interests  and  constituencies  and  de- 
voted to  a  continuing  discussion  of  national  goals 
would  be  valuable.  ''Such  a  body  would  be 
concerned  with  'monitoring'  social  change,  fore- 
casting possible  soci^  trends,  and  suggesting  pol- 
icy alternatives  to  deal  with  them,"  the  report 
stated,  'its  role  wouk)  not  be  to  plan  the  future, 
but  to  point  out  what  alternatives  are  achievable 
and  at  what  cost."  Five  of  the  Commission 
members  insisted  on  including  a  footnote  express- 
ing regret  that  the  import  dkl  not  explicitly  recom- 
mend establishing  such  a  national  body,  but 
nothing  was  done  about  the  matter  by  th*?  Presi- 
dent or  by  Congress. 


Public  Land  Law*  Review  Commission  {1965). 
Many  observers  believe  that  inclusion  of  powerful 
members  of  Congress  on  a  commission  leads  to  a 
high  rate  of  implementation,  as  in  the  case  of  the 
Outdoor  Recreation  Resources  Review  Commis- 
sion. Pferry  R.  Hagenstein,  who  was  appointed 
senior  stafT  member  of  the  Public  Land  Law 
Review  Commission  m  1965,  believes  that  having 
members  of  Congress  on  a  commission  is  no 
guarantee  that  legislative  proposals  may  ensue. 

In  a  paper  ''Commissions  and  Public  Land 
Pblic.'es:  Setting  the  Stage  for  Change  '  (presented 
at  an  April  1977  Denver  Conference  on  the  Public 
Land  Law  Review  Commissions).  Hagenstein 
wrote: 

Being  party  to  a  commission's  report  does  not 
bind  a  member  to  support  its  recommendations. 
Within  48  hours  of  the  release  of  the  [1970]  Public 
Land  Law  Review  Commission  report,  one  of  the 
,  Commission's  influential  congressional  members 
had  already  denounced  the  report  roundly  and 
disassociated  himself  from  some  of  its  major 
recommendations.  In  addition,  members^  of  Con- 
gress face  the  realities  of  change  ^oo.  Although 
only  one  of  the  13  congressional  members  of  the 
Public  Land  Law  Review  Commission  failed  to 
serve  in  the  Congress  following  release  of  the 
Commission's  report,  six  more,  mcluding  the 
Chairman,  had  dropped  by  the  wayside  in  the 
next  Congress,  the  93rd.  Today  (seven  years  later) 
only  two  members  of  the  PLLRC,  the  Chairmen 
of  the  Senate  Energy  and  Natural  Resources 
CommiUee  and  the  House  Interior  and  Insular 
Affairs  Committee,  remain  in  Congress. 

Hagenstein  notes  that  the  Public  Land  Law 
Review  Commission,  although  structured  along 
the  lines  of  the  Outdoor  Recreation  Resources 
Review  Commission,  was  actually  not  a  presiden- 
tial commission.  Twelve  of  its  members,  plus  the 
chairman,  were  chosen  by  Congress  from  Con- 
gress; there  were  only  six  presidential  appointees. 
Hagenstem  added* 

Participation  by  the  Executive  Branch  in  this 
predominately  congressional  effort  was  necessary 
to  give  the  Commission  credibility  with  recreation 
preservation  interests  and  to  gain  a  semblance 
or  commitment  to  its  recommendations  from  the 
Executive  Branch  itself.  Some  congressional 
members  found  it  difficult  to  separate  their  public  ^ 
posture  in  committee  hearings  and  with  constitu- 
ents from  the  private  deliberations  at  the  Commis- 
sion meetings. 

Timing  and  the  pc»litical  atmosphere  also  played 
a  part  in  hamperijig  follow-up  to  the  Public  I^nd 
Law  Review  Commission: 

It  was  conceived  during  President  Kennedy's 
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term,  the  public  members  were  appointed  by 
President  Johnson,  and  it  reported  to  President 
Nixon.  It  had  no  liome  in  the  White  House,  and 
its  recommendatidris,  many  of  which  were  based 
on  criticism  of  the  way  in  which  the  laws  were 
being  administered,  did  not  have  the  enthusiastic 
support  of  the  public  land  management  agencies. 

Chairman  [Wayne]  Aspinall  stated  at  various 
times  that  ohce  thejCommission  flnished  its  work, 
the  next  step  would  be  up  to  the  Congress.  .  .  . 
Some  three  months  after  the  92nd  Congress 
convened  and  nine  months  after  the  Commissfon's 
report  had  been  filM,  H.R.  7211,  p  biU  that  put  a  , 
number  of  the  Commission  reconunendations  in  a 
cumt^ersome  package,  was  introduced  by  Chair- 
man Aspinall.  The  bill  ih  its  entirety  had'  a 
constituency  of  one,  although  that  one,  Aspinall, 
was  in  a  position  as  Chairman  of  the  Interior  aiid 
Insular  Afl^urs  Committee  tQ  make  the  bill  mov@ 
.  ,  .  Pbwer  in  the  Congress  accumulates  slowly, 
but  erodes  rapidly,  and  Aspinall  was  unable'  to 
bring  H.R.  7211  to  a  floor  vote  following  his 
defeat  in  a  primary  some  weeks  before  the  92nd 
Congress  ad[)Oumed.  Faced  with  its  own  problems 
of  timing,  elecjion^  and  politics,  the  .Congress  is 
not  the  place  to  center  responsibility  for  follow- 
up. 

Toward  a  Social  Report  (1967)  and  Other 
Studies  of  the  Mid-1960s.  Johnson's  Secretary  of 
Health,  Education,  and  Welfare  John  Gardner 
became  interested  in  social  indicators  and  per- 
suaded the  President  to  assign  to  his  Departriient 
the  task  of  developing  "the  necessary  social 
statistics  and  indicators  to  supplement  those  pre- 
pared by  the  Bureau  of  Labor  Statistics  and  the 
Council  of  Economic  Advisers.  With  these  yard- 
sticks we  can^  better  measure  the  distance  we  have 
come  and  plan  the  way  ahead.''  Johnson  so* 
directed  in  his  Message  to  Congress,  on  Domestic 
Health  and  Education. 

Under  prodding  from  HEW  Under  Secretary 
Wilbur  J,  Cohen,  Assistant  Secretary  for  Planning 
William  Gorham  hired  Mancur  Olson  in  1%7  as 
Deputy  Assistant  Secretary  for  Social  Indicators, 
to  lead  in  preparing  a  social  report.  With  the  help 
o(,a  panel  cochaired  by  social  scientist  DanieKBell 
and  HEW  Assistant  Secretary  Alice  M.  Rivlin, 
Olson  sought  to  devise  a  system  ot  social  indica- 
tors— whioh  he  defined  as  measures  of  the  level 
of  well-being  in  a  society — for  measuring  the 
social  progress  or  retrogression  of  the  nation.  The 
study  was  scheduled  to  be  completed  in  mid- 1969, 
but  when  President  Johnson  announced  he  would 
not  run  again  and  Richard  M.  Nixon  was  elected, 
Olson  rushed  the  study  to  completion  ahead  of 
schedule  so  it  coukl  be  published  befoVe  Johnson 
left  office.  The  document,  "Toward  a  Social 


Report,''  was  submitted  to  the  President  by  HEW 
Secretary  Wilbur  Cohen  nine  days  before  Johnson 
left  office.  ^ 

Three  of  its  seven  chapters  were  titled:  **Health 
and  Illness"  (Are  we  becoming  healthier?);  "Our 
Physical  Environment'/  (Are  conditions  improv- 
ing?); and  Public  Order  and  Safet/J  (What  is  tfc 
impact  of  crime  on  our  lives?)  A  ftnal  chapter 
discussed  the  need  for  continuing  studies  of  social 
indicators  and  how  to  apply  them  in  formulating 
policy. 

Although  no  institutional  apparatus  for  policy- 
making resulted  fvom  "Toward  a  Social  Repo^" 
one  or  the  members  of  the  Panel  on  Socral 
Indicators,  I>aniel  Patrick  Moynihan,  continued  to 
advocate  social  reporting  when  appointed  Coun- 
selor to  President  Nixon  iii  l%9r  Als6,  the  Census 
Bureau  representative  to  the  Social  Indicators  f 
Panel,  Julius  Shiskin,  went  on  to  the  Office  of 
Management  and  Budget  (OMB^,  Where*  he 
headed  the  staff  that  produced  the  OivtB  report 
"Social  Indicators  of  1973."  (An  updated  version, 
^'Social  Indicators  of  1976,"  was  issued  by  0MB 
in  December  1977.) 

The  mid-1960s  saw  two  other  efforts  in  the 
social  area.  In  1967,  Senator  Walter  G.  Mondale, 
supported  by  10  other  senators,  introduced  "The 
Full  Opportunity  and  Social  Accounting  Act," 
which  proposed  a  Council  of  Social  Advisers  in 
the  Executive  Office  of  the  President,  and  the 
publication  for  transmittal  to  Congress  of  an 
annual  Social  Report  by  the  President,  similar  tc  * 
the  yearly  Economic  Report  of  the  Council  of 
Economic  Advisers.  The  Mondale  bill^  twice 
passed  the  Senate  (in  1970  and  1972),  but  no' 
action  was  ever  taken  by  the  House. 

In  the  private  sector,  Daniel  Bell  organized  the 
Commission  on  the  Year  2000,  funded  by  the 
Carnegie  Corporation  and  run  by  the  Americaii 
Academy  of  Arts  and  Sciences.  About  30  promi- 
^lient  social  scientists  and  other  experts  concerned 
"about  preparations  for  the  future  and  alternative 
policy  choices  held  working  sessions  for  three 
days  in  1965  and  for  two  days  in  1966.  During 
1967  they  contributed  papers  and  participated  in 
the  discussions  of  eight  working  parties.  The 
Commission's  350-page  report,  "Toward  the  Year 
2000:  Work  in  Progress,"  was  widely  distributed 
after  publication  as  the  entire  Summer  1%7  issue 
of  Daedalus,  the  journal  of  th^  American  Acad- 
emy of  Arts  and  Sciences. 

This  private-sector  commisstori  made  no  formal 
recomnrtendations,  jiowever.  According  to  Bell, 
the  Commission  avoided  issues  related  to  natural 
resources,  envifonment;  and  population  because 
there  were  too  many  variables.  Instead,  the  Com- 
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mission  tried  to  identify  technologicai  trends  in 
terms  of  a  10-year  lead  time.  Arid  they  also  looked 
at  changes  in  social  frameworks,  such  as  those  in 
a  postindustrial  soqiety.  / 


The  Last  Decade 

NatioMl  Enviromnental  PbUcy  Act  of  1969 

Improving  the  quality  of  the  environment  has 
been  the  objective  of  a  ntoiber  of  laws  passed  by 
Congress  and  executive  orders  issued  by  Presi- 
dents in  the  last  two  decades.  Only  One  law, 
however,  served  to  provide  for  a  long-range, 
holistic  approach  to  decision-making  throughout 
the  government  and  established  an  institution  that 
had  the  potential,  on  paper  at  least,  for  advising 
the  President  on  how  to  prepare  for  some  of  the 
problems  of  the  future.  This  law^,  the  National 
Environmental  Pdlfcy  Act  of  1%9,  required  en- 
vironmental impact  statements"  by  the  responsi- 
ble offfcial  for  all  major  federal  actions  "signifi- 
cantly affecting  the  quality  of  the  human 
environment."  It  also  provided  for  establishing  in 
the  Executive  Office  of  the  President  a  three- 
member  Council  on  Environmental  Quality. 

The  legislatk>n  was  developed  by  congressional 
committees  without  assistance  from  the  Nixon 
White  House.  While  Congress  was  considering 
the  legislation.  President  Nixon  had  established 
by  executive  order  his  own  Cabinet-level  Environ- 
mental Quality  Councfl  in  May  1969. 

Nixon's  Council  consisted  of  the  President  as 
Chairman,  the  Vice  President  (serving  as  Chair- 
man inv^the  Presklent's  absence),  the  Secretaries 
of  six  Departments— Agriculti/re;  Commerce; 
Health,  Education,  and  Welfare;  Housing  and 
'Urban  Development;  Interior;  and  Transporta- 
tion—land  the  Science  Adviser  to  the  President, 
who  was  named  Executive  Secretary.  The  general 
purpose  of  the  Council  was  to  assist  the  Presi- 
dent with  respect  to  environmental  quality  mat- 
ters." One  erf  its  specific  duties  was  to  "review 
the  adequacy  of  existing  systems  for  monitoring 
and  predicting  environmental  changes  so  as  to 
achieve  effective  coverage  and  efficient  use  of 
faculties  and  other  resources."  The  Cabinet-level 
Council  met  only  a  few  times  and  accomplished 
very  little. 

Congress  ignored  White  House  opposition  and 
passed  the  National  Environmental  Pblrcy  Act  in 
December  1969.  The  Act  was  signed  into  law  on 
Januaiy  I,  1970,  by  the  President,  who  subse- 
quently dropped  his  Cabinet-level  council  and 
appointed  three  noembers  to  the  new  Council  on 
Environmental  Quality  required  by  the  Act. 


Council  on  Environmental  Quality 

As  a  declaration  of  national  environmental  pol- 
icy. Section  101  (b)  of  the  1%9  Act  provided  that: 

it  is  the  continuing  responsibility  of  the  federal 
Government  to  use  all  practicable  means,  ^sist- 
ent  with  other  essential  considerations  of  national 
polky,  to  improve  and  coordinate  F^eral  plans, 
functions,  programs,  and  resources  to  the  end  that 
the  Nation  may — 

(1)  fulfU)  the  responsibilities  of  each  generation 
as  trustee  of  the  environment  for  succeeding 
generations; 

(2)  assure  for  all  Americans  safe,  healthful, 
productive,  and  esthetically  and  culturally  pleasing 
surroundings; 

(3)  attain  the  widest  range  of  beneftci^  uses  of 
the  environment  without  degradation,  risk  to 
health  or  safety,  or  other  undesirable  and  unin- 
tended consequences; 

(4)  preserve  important  historic,  cultural,  and 
natural  aspects  of  our  national  heritage,  and 
maintain,  wherever  possible,  an  environment 
which  supports  diversity  and  variety  of  individual 
choice; 

(5)  achieve  a  balance  between  population  and 
resource  use  which  will  permit  hi^  standards  of 
living  and  a  wide  sharing  of  life's  amenities; 

(0)  enhance  the  quality  of  renewable  resources 
and  approach  the  maximum  attainable  recycling 
of  depletable  resources. 

In  preparing  environmental  impact  statements, 
responsible  federal  officials  were  required  lo  in- 
clude: 

-  The  environmental  impact  of  the  proposed  ac- 
tion; 

•  Any  adverse  environmental  effects  which  can- 
not be  avoided  should  the  proposal  be  imple- 
mented; 

•  Alternatives  to  the  proposed  action; 

•  The  relationship  between  local  ^short-tefm  uses 
of  man's  environment  and  the  maintenance  and 
enhancement  of  long-tenh  productivity; 

•  Any  irreversible  and  irretrievable  commitments 
of  resources  which  would  be  involved  in  the 
proposed  action  should  it  be  implemented. 

The  Council  on  Environmental  Quality  was 
specifically  given  the  duty  to  develop  and  rec- 
ommend to  the  President  national  policies  to 
foster  and  promote  the  improvement  of  environ- 
mental quality  to  meet  the  conservation,  social, 
economic,  health,  and  other  requirements  and 
goals  of  the  Nation"  and  also  to  assist  and  advise 
the  President  in  the  preparation  of  an  annual 
Environmental  Quality  Report. 

The  annual  report  was  to  set  forth  such  things 

as 
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•  Current  and  foreseeable  trends  in  the  quality, 
management  and  utilization  of  such  environ- 
ments and  the  effects  of  those  trends  on  the 
social,  economic,  and  other  requirements  of  the 
Nation;  and 

•  The  adequacy  of  available  natural  resources  for 
fulfilling  liunian  and  economic  requi-^^ments  of 
the  Nation  in  the  light  of  expected  population 
pressures. 

Another  section  of  the  National  Environmental 
Policy  Act  r^uired  that  all  agencies  of  the  federal 
government  should 

recognize  the  worldwide  ana  long-range  character 
of  environmental  problems  and,  where  consistent 
with  the  foreign  policy  of  the  United  States,  lend 
appropriate  support  to  initiatives,  resolutions,  and 
programs  designed  td  maximize  international  co- 
operation in  anticipating  and  preventing  a  decline 
in  the  quality  of  Jthe  environment. 

While  there  have  been  efforts  over  the  past 
seven  years  te  carry  out  these  basic  provisions  of 
the  Act,  its  implementation  has  been  far  less  than 
its  framers  intended.  Federal  officials  have  in 
most  cases  followed  the  letter  of  the  law's  require- 
ment that  they  consider  the  enviroitmental  impact 
of  m^jor  decisions  and  alternative  courses  of 
action  that  might  be  better  for  the  nation.  How* 
ever,  only  rarely  have  officios  submitted  such 
statements  before  a  decision  is  made,  as  the  law 
requires. 

While  President  Ni\pn  did  not  include  the 
Council  on  Environmental  Quality  among  his 
foremost  advisers,  he  relied  on  it  to  prepare  his 
environmental  legislative  program.  T*^  Council  per- 
fonned  other  useful  functions  in  devtiuptng  m^jor 
new  studies,  reviewing  international  environmental 
activities ,  coorciinating  domestic  environmental  ac- 
tivities, and  overseeing  the  environmental  impact 
statement  process. 


NaUoml  Gods  Research  Staff  (1969) 

In  July  1969,  President  Nixon  established  a 
National  Goals  R^i^search  Staff  in  the  'Vhite 
House.  The  impetus  came  largely  from  Daniel 
Patrick  Moynihan,  then  counselor  to  the  President 
and  iiead  of  the  newly  created  Urban  Affairs 
Council,  operating  out  of  the  White  House  base- 
ment.* 


*Moynihtn  had  been  aiming  at  such  a  futures  study  since 
his  ftrst  days  in  office,  when  he  had  appointed  an  Urban 
Affairs  Research  Committee  to  develop  projections  and 
forecasts  with  a  comprehensive,  long-range  perspective  on 


7S:) 


The  National  Goals  Research  Staff  consisted  of 
a  small  group  ctf  experts,  whose  primary  task  was 
to  prepare  a  report  annually,  at  least  until  1976, 
setting  forth  some  of  the  key  policy  choices  facing 
the  na  on,  together  with  the  consequences  of 
those  choices.  The  goals  group  was  not  a  planning 
agency;  it  was  to  provide  information  and  analysis 
so  that  those  making  deci  )ns  ''might  have  a 
better  idea  of  the  direction  m  which  events  are 
moving,  the  seeming  pace  of  thpse  movements, 
and  alternative  directions  and  speeds  that  possibly 
coukl  be  achieved,  were  policies  to  be  shifted  in 
one  direction  or  another/*  That  statement,  by 
Moynihan,  prefaced  the  first  report  ci  the  Goals 
Research  Staff,  published  on  July  4,  1970,  under 
the  title  "Toward  Balanced  Growth;  Quantity 
with  Quality." 

Moynihan  had  conceived  of  the  report  as  a 
social  report,  rather  than  an  inventory  of  natural 
resources  or  collection  of  statistics.  In  the  an- 
nouncement of  July  1%9,  President  Nixon  said 
the  new  Goals  Staff  wouki  for  the  first  time  create 
within  the  White  House  ''a  unit  specifically 
charged  with  the  long  perspective;  it  promises  to 
provide  the  research  tools  with  which  we  at  last 
can  deal  with  the  future  in  an  informed  and 
informative  way.**  Tfie  President  also  sakl  the 
Goals  Staff  wouM  provkle  for  ''new  mechanisms 
which  can  enable  government  to  respond  to 
emerging  needs  early  enough  so  that  the  response 
can  be  effective.** 

The  functions  of  the  National  Goals  Research 
Staff  were  td  include 

forecasting  future  developments,  and  assessing  the 
longer-range  consequences  of  present  social 
trends;  measuring  the  probable  fiiture  impact  of 
alternative  courses  of  action,  including  measuring 
the  degree  to  which  change  in  one  area  woukl  be 
likely  to  affect  another;  estimating  the  actual  range 
of  social  choice--that  is,  whp^  altfemative  sets  of 
gDals  might  be  attainable,  in  i^t  of  the  availabil- 
ity of  resources  and  possible  rates  of  progress; 
developing  and  monitoring  social  indicators  that 
can  reflect  the  present  and  future  quality  of 
American  life,  and  the  direction  and  rate  of  its 
change,  summarizing,  integrating,  and  correlating 
the  results  of  related  research  activities  being 
carried  on  within  the  various  Federal  agencies, 
and  by  State  and  local  governments  and  private 
organizations. 

The  President  announced  that  the  first  assign- 
ment of  the  new  group  would  be  to  assemble  data 


trends  and  to  study  the  most  probable  longer-ra.  ^e  conse- 
quences  of  mtOor  pu!icy  alternatives,  as  well  as  to  anticipate 
developments  for  "an  improved  assessment  of  current 
pri^        .  .  .  useful  in  articulating  feasible  nauonal  goals/* 
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that  could  help  illumine  the  possible  range  of 
national  goals  for  the  nation's  1976  Bicentefmial. 
The  public  report  to  be  delivered  by  July  4, 
1970— and  annually  thereafter—  would  make  pos- 
sible discussion  of  key  choices  and  Iheir  conse- 
quences 

while  there  still  is  time  to  make  the  choices 
effective.  .  .  Only  shortly  beyond  the  200th 
anniversary  lie:,  the  year  2000.  These  dates,  to- 
gether,  can  be  tai^^ets  for  our  aspirations.  Our 
need  now  is  to  seize  on  the  future  as  the  key 
dimension  in  our  decisions,  and  to  chart  that 
future  as  consciously  as  we  are  accustomed  to 
chaning  the  past. 

Even  before  release  of  the  President's  state- 
ment, a  power  struggle  had  arisen  within  the 
White  House  over  who  woukl  direct  this  goals 
research:  Would  it  be  Moynihan  as  Executive 
Secretary  of  the  Council  for  Urban  Affairs?  Or 
wouki  it  be  Arthur  Bums,  also  a  Counselor  to  the 
President  and  head  of  the  Office  of  Program 
Dcvetopmcnt?- Nixon  solved  the  controversy  by 
^naming  his  Special  Consultant,  Leonard  Garment, 
director  of  the  National  Goals  Research  Staff. 
Garment  found  out  about  his  new  "job"  shortly 
before  leaving  on  a  long  trip  to  the  Soviet  Union 
to  set  up  a  cultural  exchange  program.  When  he 
returned,  he  brought  in  some  futures  experts, 
including  the  Hudson  Institute  s  Herman  Kahn, 
the  Harvard  Business  School*s  Raymond  Bauer, 
and  Brookings  Institution's  Director  Charles 
Schultz,  to  assist  him  in  setting  up  the  group. 

(jarment  soon  encountered  difficulties  in  imple- 
menting his  task,  as  funds  for  the  project  were 
limited,  and  it  was  necessary  to  borrow  some  of 
the  10  members  of  the  staflf  from  federal  agencies. 
He  h^^ed  Bauer  as  senior  consultant  and  staff 
report  coordinator  and  appointed  Charles  Williams 
of  thjC  Nat»nnal  Science  Foundation  as  staflf  direc- 
tor. Garment,  who  modestly  claimed  ''my  main 
job  was  to  protect  the  work/'  had  the  President  s 
ear  and  was  able  to  maintain  Mr.  Nixon's  support, 
although  he  had  to  bypass  the  normal  channels  to 
keep  the  President  informed  of  the  (joals  StaflTs 
activities. 

One  of  the  early  ideas  was  to  build  a  network 
among  state,  regional,  and  local  planning  groups 
in  order  to  obtain  ideas  about  national  goals 
through  interaction  with  citizens.  This  effort  was 
discontinued  after  one  publk  hearing  because  of 
oppositwn  from  the  White  House  staflf.  The  Goals 
Staflf,  however,  was  able  to  bring  in  consultants  in 
various  fields. 

Some  work  was  done  with  the  Bureau  of  the 
Bnd^Vs  OflSce  of  Statistical  Polky  in  developing 


regularly  published  social  statistics  using  available 
data,  but  this  work  was  not  published  in  the  1970 
report.  No  eflforts  were  made  to  include  foreign 
policy  issues,  as  in  the  Eisenhower  Commission 
on  National  Goals. 

The  Goals  Staff  worked  instead  on  a  relatively 
few  issues;  it  tried  to  define  the  questions,  analyze 
the  "emeiiging'*  debates,  and  examine  the  alter- 
native sets  of  consequences.  Garment  believes 
that  the  main  strength  of  the  goals  work  was  its 
bringing  forward  for  debate  some  issues  which 
were  ahead  of  their  time,  such  as  national  growth 
policy,  revenue  sharing,  and  technology  assess- 
ment. Civil  rights,  the  Vietnam  war,  and  other 
issues  with  which  the  publk:  was  already  preoc- 
cupied were  entirely  ignored. 

i-ven  with  the  program^s  shortcomings,  the  July 
4,  1970,  "Toward  Balanced  Growth"  provkied  a 
springboard  for  national  debate  on  a  number  of 
vital  issues.  The  report  concentrated  on  popula- 
tion growth  and  distribution,  environment,  educa- 
tion, basic  natural  science,  technology  assess- 
ment, consumerism  and  economic  choice,  and 
balanced  growth: 

Confronted  with  the  trend  toward  ever  greater 
concentration  of  a  growing  populatk>n  in  already 
crowded  metropolitan  re^ns,  should  we  accept 
the  present  trend?  Or,  if  not,  to  what  extent 
shouM  the  focus  of  public  policy  be  on  encourag- 
ing the  spread  of  population  into  sparsely  popu- 
lated areas,  fostering  the  growth  of  existing  nud- 
dle-sized  cities  and  towns,  or  experimenting  with 
the  development  of  new  cities  outside  of  existing 
metropolitan  areas?  Given  the  present  threat  to 
our  natural  environment,  how  shouW  we  balance 
changes  in  patterns  of  production  and  consump- 
tion with  new  means  of  waste  disposal  or  recy- 
cling—and how  should  be  allocate  the  costs? 
Should  they  be  borne  by  producers,  by  con- 
sumers, by  the  general  publK~or  by  what  com- 
bination of  these?  How  can  consumer  protection 
best  be  advanced  without  so  interfering  with  the 
market  mechanism  as  to  leave  the  consumer 
worse  oflf  in  the  long  run? 

The  report,  published  without  White  House  or 
Bureau  of  the  Budget  interference,  made  some 
bold  statements.  For  instance: 

FHA  and  VA  mortgage  insurance,  the  interstate 
highway  system,  Federal  and  State  tax  polk:ies, 
State  and  local  land  use  programs,  all  contributed 
to  the  niassive  suburbanization  of  the  last  25 
years. 

Defense  contract  awards  have  accelerated  the 
population  booms  in  Southern  California  and 
along  the  Julf  Coast. 
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Agricultural  research  and  support  programs  have 
accelerated  depletion  of  the  rural  population. 

These  policies  make  individually  positive  contri- 
butions to  society,  but  their  collective  impact  may 
not  be  desirable  from  the  standpoint  of  distribu- 
tion of  population  and  economic  opportunity. 

The  discussion  in  the  population  section  was 
even  more  bold:  - 

A  considerable  number  of  population  experts 
strongly  endorse  the  goal  of  a  zero  rate  of 
increase — that  is,  a  stationary  population — as  soon 
as  we  can  achieve  it.  This  means  that  in  the 
interest  of  society,  all  American  families  should 
have  an  average  of  two  children.  Even  many  of 
those  who  do  not  see  the  problem  as  pressing  see 
this  as  a  desirable  goal. 

This  choice  implies  a  sighificani  change  in 
public  policy.  It  calls  for  a  deliberate  government 
effort  to  promote  the  reduction  in  the  growth  rate 
until  population  stability  is  achieved.  It  also  im~ 
plies  that  we  must  not  leave  the  possibility  of 
population  stability  to  chance.  It  means  we  may 
have  to  do  more  than  rely  upon  liberalized  abor- 
tion laws  in  the  States,  and  upon  the  distribution 
of  free  contraceptives  to  the  poor,  who  are  the 
focus  of  most  U.S.  family-planning  programs.  We 
may  also  have  to  devise  ways  of  changing  individ- 
ual and  social  attitudes,  governmental  policies  and 
incentives,  and  through  these,  the  motivation  of 
young  people  and  adults  in  all  socio-economic 
groups. 

Even  if  the  country  elects  the  goal  of  arresting 
the  groMh  of  U.S.  population  by  the  end  of  the 
century,  it  is  not  at  all  clear  whether  or  not  the 
Government  can  bring  about  a  societal  consensus 
voluntarily  to  controLthe  growth  of  the  U.S. 
population  within  a  generation.  More  active  public 
policies, might  be  required  than  "moral  encourage- 
ment.''Changes  in  tax  laws  and  health  insurance 
progiams  might  help.  An  extreme  form  of  an 
active  public  policy  would  be  to  regulate  family 
size  by  fiat.  Some  persons  have  even  gone  so  far 
as  to  suggest  enforced  sterilization  when  each 
family  reaches  its  maximum  allowance.  Less  dras- 
tic forms  or  coercion  could  be  devised.  But 
whatever  the  formv  coercion  in  the  regulation  of 
family  size  is  likely  to  be  uuacccptable  to  the 
American  people." 

Several,  months  before  publication  of  ^he  report, 
Garment  ^d  Williams  formed  an  ad  hoc  commit- 
tee to  evaluate  the  possibilities  for  setting  up  an 
institute  or  organization  in  the  private  sector  th^it 
would  be  the  equivalent  of  the  governmental  goals 
effort.  Williams  '*  >covered  that  the  Senior  Exec- 
utive Council  of  the  Conference  Board  was  al- 
ready considering  something  along  similar  lines. 
At  a  White  House  meeting  chaired  by  Garment  m 
March  1970  and  attended  by  a  half  dozen  private 


sector  leaders,  the  Conference  Board's  Executive 
Council  agreed  to  study  the  possibility  of  putting 
together  a  Center  for  National  Goals.  White 
House  officials  said  that  President  Nixon  would 
announce  formation  of  the  institution  wheii  he 
issued  the  first  National  Goals  Report  on  July  4, 
1970.  The  private  sector  repre^entatives  did  not 
believe  that  they  could  get  a  structure  ready  in  so 
short  a  time.  The  timing  problem  did  not  develop, 
however,  because  no  presidential  statement  was 
issued  on  July  4. 

In  June,  h  month  before  the  Goals  Research 
StafT s  report  was  due  to  be  published,  the  staff 
found  out  that  its  first  report  woVid  also  be  its 
last.  The  President  had  decided  to  create  a  Do- 
mestic Council  under  John  Ehrlichman,  who  felt 
the  Domestic  Council  could  carry  on  any  addi- 
tional gpals  and  alternatives  work.  (In  fact,  how- 
ever, it  did  not  perform  truly  long-range  policy 
analysis.) 

The  National  Goals  Research  Staff  was  dis- 
banded when  the  July  4,  1970,  report  was  com- 
pleted. Moynihan  had  prepared  an  introductory 
statement  for  the  President  to  sign,  but  the 
President  decided  he  should  not  be  so  directly 
associated  with  the  report,  and  the  Moynihan 
introduction  appeared  as  a  ''statement  of  the 
Counselor  to  the  President."  The  document 
emerged,  finally,  as  a  report  from  the  National 
Goals  Research  Staff  to  the  President. 

The  report  was  published  just  before  the  Fourth 
of  July,  while  the  President  was  in  California,  and 
no  presidential  statement  was  issued.  Press  cov- 
erage was  accordingly  light. 

Proposal  for  a  Center  for  National  (ioals  and 
Alternatives  (1970) 

With  the  White  House  goals  mission  apparently 
ended,  the  Senior  Executives  Council,  an  advisory 
group  to  the  Conference  Board  (au  independent 
nonprofit  business  research  organization)  never- 
theless decided  to  continue  its  investigation  of  the 
possibilities  for  a  private  sector  effort  for  estab- 
lishing national  goals.  The  Council  is  composed  of 
36  chief  executives.  25  of  them  ft-om  business  and 
the  rest  from  universities,  foundations,  and  public 
institutions.  They  finance  &y\t  own  studies  and 
activities  and  operate  independently  of  the  Confer- 
ence Board.  Board  President  H.  Bruce  Palmer 
was  interested  in  the  subject,  having  been  one  of 
the  sponsors  for  the  formation  of  the  Institute  for 
the  Future.  The  Senior  Executives  Council  put  up 
$60,000  to  stu'lv  the  best  design  for  such  an 
organization,  i.  the  National  Endowment  for  the 
Humanities  cootnbuted  S9,800  for  the  study.  WiU 
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lis  W.  Hannan  of  the  Stanford  Research  Institute 
was  selected  to  do  a  4-month  analysis,  assisted  by 
representatives  from  Arthur  D.  Little  £om(>any, 
the  Institute  for  the  Future,  the  Ceiul^  for  a 
Voluntary  Society,  the  Senior  Executives  Council, 
and  Anthony  Wiener  of  the  Hudson  Institute,  who 
had  been  a  resfi>jch  consultant  for  the  National 
Goals  Research  Staff. 

In  December  1970.  the  Harman  group  submitted 
its  report  to  the  steering  committee  of  the  Senior 
Executives  Council.  The  report  proposed  forming 
a  Center  for  Naljional  Gods  and  Alterrtatives.  The 
essential  function  of  t|ie  proposed  Center  would 
be  to  address  four  basic  issues:  (1)  how  to 
understand  the  processes  of  social 'change,  inter- 
;>ret  the  present  moment  in  history,  and  anticipate 
the  consequences  of  alternative  actions;  {2\  how 
to  explore  the  range  of  attainable  social  choices; 
(3)  how  best  to  clarify  bases  for  value  choices  and 
goals  selection;  and  (4)  how  to  identify,  evaluate, 
and  implement  alternative  policies  and  strategies. 
The  Center,  at  least  in  theory,  would  be  free  of 
domination  by  any  power  group;  it  would  foster 
an  interdisciplinary  approach  and  would  have  a 
permanent  staff  as  well  as  visiting  fellows,  schol- 
ars, and  interns.  Joint  involvement  of  public, 
private,  and  voluntary  sectors  would  be  provided 
through  the  mecKanism  of  a  Forum  that  would 
give  a  broad  representationa  base  for  steering  the 
.  Center  and  would  ensure  objectivity  and  promote 
credibility.  Forum  members  would  select  a  third 
of  the  members  <rf  the  Board  of  Trustees.  The 
estimated  budget  was  $7,5  miDion  for  the  first 
three  years,  and  $5  million  per  year  after  that. 
Two-thirds  of  the  budget  would  be  obtained  from 
nongovernment  sources,  one-third  from  the  fed- 
eral government. 

The  Conference  Board*s  Senior  Executive  s 
CouncO  asked  Erik  Jonsson  of  Texas  Instruments, 
former  Mayor  of  Dallas  and  head  of  Goals  for 
Pallas,  to  assess  the  viability  of  the  proposal  tor  a 
Center.  In  answer  to  questions  raised  by  jons- 
son s  assessment,  Harman  prepared  4  paper  justi- 
fying the  need  to  discover  whether  the  future 
wouM  be  more  or  less  an  unbroken  extrapolation 
of  the  past,  or  whether,  after  a  tumultuous  period 
of  a  few  decades,  radical  societal  change  woukl 
be  required. 

In  the  absenpi  of  any  solkl  knowledge  on  which 
the  nation  couM  base  its  choice  of  a  course  to 
foUow,  Harman  felt  the  Center  shouW  formulate 
means  with  which  to  examine  national  goals, 
priorities,  and  policies  in  both  contexts.  In  support 
of  the  need  for  approaches  to  meet  radical  societal 
changes,  he  presented  a  table  showing  how  '  suc- 
cesses'* of  the  technologiqal  era  had  resulted  in 


problems  for  the  fiiture  because  they  had  been 
**too  successful,"  inferring,  that  we  had  not  pre- 
pared in  advance  to  cope  with  the  results.  For 
instance:  ^ 

Prolonging  the  life  span  had  resulted  in  overpopu- 
lation and  problems  of  the  a^. 

Weapons  for  national  defense  had  resulted  in  the 
hazard  of  mass  destruction  through  nuclear  and 
biological  weapons. 

Replacement  of  manual  and  routine  labor  by 
machines  had  exacerbated  unemployment;  effi- 
ciency had  resulted  in  dehumanization  of  the 
workl  of  work. 

Growth  in  the  power  of  systematized  knowledge 
produced  threats  to  privacy  and  freedom,  and 
erected  a  knowledge  barrier  to  the  undert)rivi- 
leged. 

Affluence  had  increased  per  capita  environmental 
impact,  dilution  and  ene)^y  shortages.  • 

Satisfaction  of  basic  needs  had  produced  a  workl- 
wide  revolution  of  rising  expectations,  rebellion 
a^nst  nonmeaningftil  work,  and  unrest  among 
dnuent  students. 

Although  Jonsson*  s  review  of  the  Harman  pro- 
posal approved  the  technical  basis  of  the  proposed 
organization,  some  members  of  the  Senior  Exec- 
utives Council  raised  questions,  and  further  study 
was  ordered  in  1971  under  the  guklance  of  Robert 
O.  Anderson,  chairman  of  the  Board  of  the 
Atlantk:  I^chfiekl  Company  and  new  head  of  the 

,  Senior  Executives  Council.  The  proposal  was 
accordingly  refined  to  create  an  Institute  for 
National  Objectives— A  Center  for  Integrative 
Studies  of  Natk)nal  Policies,  Priorities,  and  Alter- 
natives. Its  12-  to  30-man  Board  of  Trustees 
would  include  representatives  frx)m  the  Adminis- 
tration, Congress,  and  the  National  Science  Foun- 
dation, and  perhaps  one  or  more  governors  or 
mayors.  Involvement  of  publk:,  private,  and  vol- 
untary sectors  wouW  be  reinforced  through  an 
Advisory  Council  of  up  to  50  members  elected  for 
3-year  terms,  plus  about  20  members  elected  by 
the  Advisory  Council  itself  Business,  founda- 
tions, and  labor  and  voluntary  organizations 
would  be  asked  to  participate  in  funding;  half  the 
initial  $10  million  would  be  sought  from  the 

«National  Science  Foundation,  the  Naticnal  Insti- 
tutes of  Kealth.  Congress,  and  other  federal 
v>urpes. 

Robert  OTAnderson  and  Erik  Jonsson  pre- 
sented the  proposal  for  the  new  Institute  to  the 
President  in  January  1972.  Nixon  agreed  that 
something  shouM  be  done.  He  felt  that  a  govern- 
ment effort  woukl  be  viewed  as  political,  but  if 
the  Institute  originated  as  a  private  organization. 
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he  would  see  that  government  ftinds  were  made 
available.  He  put  John  Ehrlichman  in  charge  oi 
Administration  cooperation  for  the  prqject.  Nixon 
said  that  the  Institute's  sponsors  would  have  to  be 
credible  and  outside  of  politics,  and  that  the 
money  would  have  to  come  from  several  pockets. 

Although  some  members  of  the  Senior  Execu- 
.  tives  Council  still  expressed  reservations^  $113,000 
was  raised  initially.  Robert  Anderson  placed  the 
project  under  Joseph  Slater,  head  ot  the  Aspen 
Institute  for  Humanistic  Studies  (Anderson  serves 
as  board  chairman  o(  the  Institute),  but  Slater  was 
unable  to  get  the  necessary  additional  funding 
from  foundations,  and  the  project,  as  proposed  by 
the  Senior  Executives  Council,  was  terminated. 
However,  the  Aspen  Institute  developed  the  con- 
cept in  its  own  way,  prrposing  an  Institute  for 
Analysis  of  Public  Choices,  frve  of  all  federal  ties. 
The  proposal  was  submitted  to  Nelson  Rockefeller 
in  1973  and,  according  to  Slater,  influenced  the 
direction  Rockefeller  took  when  I  ^  started  his 
Commission  on  Critical  Choices  for  Americans. 
The  Aspen  Institute  is  now  seeking  to  turn  many 
of  its  own  programs  toward  developing  analysis  of 
choices  in  decision-making. 

ConuBMon  on  Populatioo  Growth  and  the 
American  Future  (1970} 

In  July  1969  Presklent  Nixon  sent  to  Congress 
a  historic  first  population  message,  recommending 
the  establishment  by  legisbtkm  a  blue-ribbon 
conmiission  to  examine  the  growth  of  the  nation's 
population  and  the  impact  it  will  have  on  the 
.American  future.  John  D.  Rockefeller  III,  who 
had  started  the  Population  Council,  had  been 
urging  since  the  early  days  of  the  Eisenhower 
Administration  that  such  a  commissbn  be  estab- 
lished. Lyndon  Johnson  had  refused  to  see  Rock- 
efeller in  1964,  but  by  1968,  he  was  ready  to  yield 
to  pressure  and  established  the  President's  Com- 
mittee on  Population  and  Family  Planning,  co- 
chaired  by  Rockefeller  and  HEW  Secretary  Wil- 
bur Cohen. 

The  Committee  established  by  President  John- 
son was  not  a  full-blown  commission.  Its  repoi^, 
sent  to  the  President  at  the  end  of  1968,  "Popula- 
tion and  Family  Plannmg:  The  Transition  fit>m 
Concern  to  Action,"  suggested  the  establishment 
of  a  presklential  commission  to  give  the  problem 
further  study.  It  recommended  that  family  plan- 
ning servk;es  be  extended  to  every  American 
woman  unable  to  afford  them.  It  also  recom- 
mended an  increase  in  the  budgets  ct  HEW  and 
the  Office  of  Economic  Opportunity  for  the  pur- 
pose of  population  research.  The  report  was 
released  without  publicity  in  January  1969,  just 


before  Johnson  left  office.  He  dkl  not  meet  with 
the  Conunittee  to  receive  the  report,  nor  make  a 
statement  on  it. 

In  early  1969,  Rockefeller's  pressure  for  a 
presklential  commissk)n  was  abetted  by  presiden- 
tial Counselor  Moynihan,  who  convinced  Nixon 
that  the  time  had  come  to  frice  the  problems  of 
population.  The  President  asked  in  his  message  to 
CiMigress  that  a  Commisskm  be  assigned  to  de- 
velop population  projections  and  estimate  the 
impact  of  an  anticipated  100  million  increase  in 
U.S.  populatKHi  by  the  year  2000.  For  the  interim, 
the  Pttsklent  called  for  more  research  ''on  birth 
control  methods''  and  for  the  establishment,  as  a 
national  goal,  of  ''the  proviskjn  of  adequate  family 
planning  servkxs  within  the  next  five  years  for  all 
those  who  want  them  but  cannot  afford  them."  In 
his  message  to  Congress,  Nixon  stated: 

One  of  the  nmst  serious  challenges  to  human 
destiny  in  the  last  third  of  this  century  will  be  the 
growth  of  the  population.  Whether  man's  re- 
sponse to  that  challenge  will  be  a  cause  for  pride 
or  for  despair  in  the  year  2000  will  depend  very 
much  on  what  we  do  today.  If  we  now  begin  our 
work  in  an  appropriate  manner,  and  if  we  continue 
to  dev(^e  a  considerable  amount  of  attentkin  and 
energy  to  this  probk;m,  then  mankind  will  be  able 
to  surmount  this  challenge  as  it  has  surmoui(ted 
so  many  during  the  tong  march  of  civilizatk>!« 

When  the  Congress  passed  a  bill  in  March  i^O 
creating  the  Commissk)n  on  Populatton  Grovmi 
and  the  American  Future,  Presklent  Nixon  named 
John  0.  Rockefeller  III  chairman  of  the  24-mem- 
ber  group,  which  included  four  women,  two 
college  students,  three  blacks,  two  senators,  and 
two  representatives.  About  20  full-time  professk)n- 
als  and  10  consultants  supervised  a  2-year  effort 
which  resulted  in  the  release  of  a  controversial 
final  report  in  March  1972,  plus  seven  volumes  of 
research  papers.  More  than  100  research  projects 
were  conducted,  and  more  than  100  witnesses 
testified  at  publk:  hearings  in  Washington,  Los 
Angeles,  Little  Rock,  Chkago,  and  New  York. 
Additional  information  concerning  publk:  attitudes 
was  obtained  through  a  special  detailed  publk: 
opinion  poll. 

The  CommissKHi's  conclusk>n  was  that  no  sub- 
stantial benefits  would  result  from  continued 
growth  of  the  natkm's  population: 

The  populatk>n  problem,  and  the  growth  ethic 
with  which  it  is  intimately  connected,  reflect 
deeper  external  conditk)ns  and  more  fundamental 
political,  economic,  and  r^ilosophical  values. 
Consequently,  to  improve  the  quality  of  our 
existence  while  slowing  growth,  will  require  noth- 
ing less  than  a  basic  recastiiig  of  American  values. 
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The  more  than  60  Population  Commission  rec- 
ommendations inchukd: 

•  Citation  of  an  0£Bce  of  Population  Growth  and 
Distribution  within  the  Executive  Office  of  the 
htsident; 

•  Establishment,  within  the  National  Institutes  of 
Health,  of.  a  National  Institute  of  Population. 
Sciences  to  provide  an  adequate  institutional 
framework  for  implementing  a  greatly  expanded 
prognun  of  population  research;  ' 

•  Legislation  by  Congress  establishing  a  Council 
of  Social  Advisers,  with  one  of  the  main  func- 
tions the  monitoring  of  demographic  variables; 

•  The  addition  of  a  mid-decade  census  of  the 
population;  and 

,  •  National  planning  for  a  stabilized  population. 

These  recommendations  were  overshadowed, 
at  least  in  the  publicity  given  them,  by  the 
recommendations  that  states  adopt  legislation  per- 
mitting minors  "to  receive  contraceptive  and 
prophylactic  infonnation  and  services  in  appropri- 
ate settings  sensitive  to  their  needs  and  concerns" 
and  "that  present  state  laws  restricting  abortion 
be  libcrali2»d  along  the  lines  of  the  New  York 
statute,  such  abortion  to  be  performed  on  request 
by  duly  licensed  physicians  under  conditions  of 
medk:al  safety."  The  Commission  also  recom- 
mended that  abortion  be  covered  by  health  insur- 
ance benefits,  and  that  federal,  state,  and  local 
goveifunents  make  funds  available  to  support 
'  abortion  in  states  with  liberalized  statutes. 

Presklent  Nixon  was  unhappy  with  the  Com- 
mission report,  released  in  March  1972  at  the 
beginning  of  his  re-election  c^unpaign,  largely 
because  of  the  recommendations  on  libendized 
abortkm  and  the  furnishing  of  contraceptives  to 
teen-ag(?rs  (which  in  1972  was  a  bigger  issue  than 
abortion).  The  Pinesident  met  only  a  few  minutes 
with  Mr.  Rockefeller.  He  perfunctorily  received 
the  Commission  report,  but  issued  a  statement 
repudiating  it.  No  word  of  support  was  forthcom- 
ing for  the  stabilized  population  concept\hat  he 
had  backed  in  1969. 

Although  all  members  of  the  CommisM^ 
showed  their  support  for  the  report  by  signing  ir, 
several  members  wrote  minority  statements  about 
certain  rt;cbmmendations,  especially  the  one  on 
abortion.  The  ^Commission  debated  whether  to 
finesse  the  two  controversial  issues,  since  these 
recommendations  were  not  of  m^r  demographic 
importance.  But  Chairman  Rockefeller  felt  it  was 
only  right  that  the  m^rity  of  the  Commission  be 
able  to  state  an  opinion  on  all  relevant  issues. 

''We  went  ahead,  realizing  we  wouM  get  our 
heads  cut  oflf,''  said  the  staff  director,  Charles 


WestofF.  ''But'we.hadn*t  quite  appreciated  how 
much  these  recommendations  were  going  to  dom- 
inate the  response  to.tfie  report.** 

The  timing  of  the  report  was  unfortunate  iii  that 
during  the  three  years  since  Nixon*s  population 
message,  the  public  had  come  to  agree  on  stabiliz- 
ing population  growth,  and  the  goal  of  the  two- 
child  falmiiy  was  already  being  achieved  in  the 
^tati^tics. 

No  recommendations  w^re  made  by  the  Com- 
mission in  the  resources  and  envirorunent  areas. 

The  Commission  staff  chose  a  basis  methodol- 
ogy for  its  extensive  itsearch  efforts,  which  were 
published  in  six  large  volumes.  The  research  was 
organized  basically  around  one  simple  question:. 
What  difference  will  it  inake  if  the  U.S.  population 
grows  at  a  two-chUd  per  family  rate,  or  if  it  grows 
at  a  three-child  per  family  rate?  This  approach 
was  adopted  in  all  research  efforts  except  where  it 
was  not  appropriate,  as  in  migration  studies.  The 
research  documents  used  U.S.  Bureau  of  the 
Census  statistics  in  its  projections,  and  extensive 
n^  data  on  these  assumptions  was  supplied  by 
the  Bureau  of  Economic  Analysis  of  the  Depart- 
ment of  Commerce. 

Volume  in.  Population,  Resources  and  the 
Environment,  contained  extensive  research  on  the 
relative  impacts  of  the  two  growth  scenarios  on 
resources  and  the  environment.  Chapters  were 
devoted  to:  Jie  economy;  resource  requirements 
and  pollution  levels;  energy;  outdoor  recreation 
and  congestion;  agriculture,  population,  and  the 
environment;  future  water  neeids  and  supplies; 
urban  scale  and  environmental  quality;  and  eco- 
logical perspectives. 

The  other  volumes  covered:  Demographic  and 
Social  Aspects  of  Population  Growth  (Vol.  I); 
Economic  Aspects  of  Population  Change  (11); 
Governance  and  Population:  The  Governmental 
Implications  of  Population  Change  (IV);  Popula- 
tion Distribution  and  Policy  (V);  Aspects  of  Pop^ 
ulation  Growth  Policy  (VI).  Research  on  global 
population  and  resources  was  not  a  part  of  the 
Commission  mandate. 

Despite  the  lack  of  White  House  support. 
Commission  members  and  staff  sought  ways  to 
disseminate  to  the  publk:  the  findings  of  the  report 
and  the  research  materials.  Chairman  Rockefeller 
testified  before  congressional  hearings.  A  privately 
financed  Citizens  Committee  on  Population  and 
the  American  Future,  formed  after  relea—  of  the 
report,  took  the  leading  role  in  spreading  the 
findings;  it  tried  to  create  a  dialogue  on  the  issues 
and  lobbied  in  Congress  for  passage  of  some  of 
the  recommendations.  It  also  sponsored  two  large 
conferences. 
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A  privately  financed  fQm  version  of  the  Pcpula* 
tipn  Commission  report,  which  had  been  in  prep- 
aration for  more  than  a  year,  was  issued  about  six 
months  after  t^  Commission  made  its  report  and 
received  wide  distribution.  It  was  shown  over  the 
National  Educational  Television  network,  a  num- 
ber of  individual  TV  stations,  and  by  many 
schools.  A  set  (rf  teaching  materials  was  prepared 
for  the  classroom  use.  The  film  stressed  the 
impacts  of  too  much  population  and  did  not  dwell 
on  the  Commission's  recommendations. 

The  deputy  director  <rf  the  Population  Commis- 
sion staff,  Robert  Parke,  felt  that  the  report  and 
the  research  volumes  made  a  strong  base  for 
future  efforts  at  meeting  population  growth  prob- 
lems. And  he  believed  the  Commission  and  its 
staff  had  learned  at  least  one  valuable  lesson:  A 
commission  studying  a  controversial  subject 
shouM  not  publish  its  report  during  a  presidential 
campaign. 

National  Conunisskm  on.Matcrials  Polky  (1970) 

Congress  legislated  a  new  National  Commission 
on  Materials  Policy  in  the  fall  of  1970  as  a  part  of 
the  Resources  Recovery  Act.  Although  the  chief 
sponsor  of  the  Commission  was  a  Republican,  J. 
Caleb  Boggs,  of  Delaware,  the  White  House  did 
not  look  with  favor  on  the  Commission,  and 
President  Nixon  delayed  almost  a  year  before 
appointing  the  five  publk:,  members  to  join  the 
Secretaries  of  Interior  and  Commerce.  There  were 
three  Secretaries  of  Commerce  during  the  term  of 
the  Commission.  Only  the  fu*st,  Maurice  Stans, 
attended  Commission  meetings;  the  last,  Freder- 
ick Dent,  issued  a  separate  statement  disagreeing 
with  many  of  the  Commission's  m^jor  recommen- 
dations. Secretary  of  the  Interior  Rogers  Morton 
dki  not  personaUy  attend  meetings. 

Commission  Chairman  Jerome  Klaff  was  head 
of  a  secondary  materials  processing  comf>any; 
Staff  Director  James  Boyd  was  a  former  director 
of  the  Bureau  of  Mines  and,  at  the  time,  head  of 
a  mining  company.  A  full-time  staff  of  25  was 
hired. 

The  Materials  Policy  Commission  dkl  not  at> 
tempt  a  materials  resources  inventory  and  update 
of  the  Paley  Commission  but  rather  concentrated 
its  attention  on  tbe  policy  area  and  emphasized 
the  environmental  asj^cts  of  resources  problems, 
an  area  v^hich  the  Paley  Commission  had  ignored. 
The  new  Commission  contracted  for  a  study  of 
the  ^''timated  demand  for  10  commodities  to  the 
yeai  2000.  A  report  was  made  on  basic  mineral 
stocks,  reserves,  production  data,  consumption, 
pnd  exports  for  selected  foreign  countries,  includ- 


ing the  P^ple*s  Republic  of  China,  the  Soviet 
Union,  and  the  East  European  countries,  none  of 
whk:h  had  been  considered  by  the  Paley  Commis- 
sion of  1951.  A  number  of  other  reports  were 
prepared  by  independent  contractors. 

Advisory  panels  from  industry  pajticipated  by 
submitting  information  and  assisting  with  more 
than  a  dozen  meetings  and  hearings  conducted 
around  the  nation.  Federal  agencies  also  supplied 
data  and  analysis. 

The  summary  report  of  the  National  Materials 
Policy  Commission  and  its  special  publications 
have  proved  useful  to  a  number  of  federal  agen- 
'cies  and  to  industry.  As  with  earlier  studies,  the 
involvement  of  several  hundred  public  officials 
and  industry  participants  helped  to  educate  a 
sizable  cadre  in  the  need  foir  forward-looking 
analyses. 

The  major  recommendations  of  the  Commis- 
sion, when  it  reported  to  the  President  and 
Congress  in  June  1973,  were  mostly  general  policy 
directives: 

Strike  a  balance  between  the  ''need  to  produce 
goods"  and  the  "need  to  protect  the  environ- 
ment" by  modifying  the  materials  system  so  that 
all  resources,  including  environmental,  are  paid 
for  by  users.  Strive  for  an  equilibrium  between 
the  supply  of  materials  and  the  demand  for  their 
use  by  increasing  primary  materials  production 
and  by  conserving  materials  through  accelerated 
waste  recycling  and  greater  efficiency-of-use  of 
-materials.  Manage  materials  policy  more  effec- 
tively by  recognizing  the  complex  interrelation- 
ships of  the  materials— energy — environment  sys- 
tem so  that  laws,  executive  orders,  and 
administrative  practices  reinforce  policy  and  not 
counteract  it; 

More  specific  recommendations  of  the  Commis- 
sion included  creation  of  a  comprehensive  Cabi- 
net-leve!  ^ency  for  materials,  energy,  and  the 
environment,  and  the  formation  of  a  joint  commit- 
tee of  Congress  having  legislative  jurisdiction 
roughly  parallel  to  the  proposed  new  agency. 

By  the  time  the  Commission  report  was  com- 
pleted, the  Commission's  chief  sponsor  in  the 
Senate  had  been  defeated  in  a  bid  for  re-election, 
and  the  White  House,  for  its  part,  showed  no 
interest  in  publicizing  the  report. 

After  release  of  the  report  in  June  1973,  Staff 
Director  Bo>d  set  up  a  small  office  on  his  own 
(with  some  financial  help  from  his  company)  to 
follow  through  on  the  Commission  study  and  to 
try  to  get  some  of  the  recommendations  imple- 
mented. Much  of  the  follow-iip  was  done  by 
working  with  members  of  Congress,  congressional 
staffs,  and  federal  agencies,  with  Boyd  testifying 
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at  congressional  hearings  on  useifulness  of  the 
report  and  the  need  for  implementation  of  some 
of  the  recoounendations. 

Because  the  report  had  appeared  after  passage 
of  the  Federal  Advisory  Committee  Act,  the 
Administration  was  required  by  law  to  at  least 
respond  to  the  findings.  A  task  group  and  subcom- 
mittee of  the  President's  Domestic  Council  drafted 
an  executive  branch  response  which  noted  that 
Sonne  of  the  recommendations  were  simplistic  and 
subjective,  that  some  were  inappn^niately  worded 
or  did  not  reflUt  ongoing  activities  in  the  execu- 
tive agencies,  and  that  there  was  no  clear  ordering 
of  priorities  in  the  report.  The  White  House 
position  was  that  regular  program  activities  of  the 
Department  of  the  Interior  and  the  Environmental 
Protection  Agency  would  accomplish  most  of  the 
actions  nwmmended  by  the  Conunission,  and 
that  a  separate  mechanism  to  insure  their  imple- 
mentation was  unne<gBssary.  An  Interior  Depart- 
ment spokesman  pointed  out  at  a  congressional^ 
heanng  that  many  of  the  Commission's  177  rec- 
ommendations were  encompassed  by  nine  broader 
recommendations  in  the  Secretary  of  the  Interior's 
June  1973  Second  Annual  Report  under  the  Min- 
ing and  Minerals  Policy  Act  of  1970. 

A  report  by  the  General  Accounting  Office 
(GAO)  entitied  "Better  Folio wup  System  Needed 
to  Deal  with  Recommendations  Hy  Study  Com- 
missions in  the  Federal  Government"  (REI>-76- 
33,  Dec.  4,  1975),  used  the  Materials  Policy 
Commission  as  one  of  its  four  examples. 

GAO  criticized  the  White  House  response  doc- 
ument for  not  being  specific  regarding  the  nature 
and  timing  of  the  action  to  be  taken  ''and  there- 
fore it  cannot  be  considered  an  effective  vehicle 
for  implementing  the  recommendations.*'  It 
pointed  to  one  recommendation  in  the  Commis- 
sion report  calling  for  ''improved  utilization  and 
conservation  of  groundwater  through  early  com- 
pletion of  surveys  of  the  Nation's  nuyor  aquifers, 
u<^ing  them  for  planning  the  optimum  management 
of  ground  and  surface  supplies,  and  monitoring 
aquifers  fiom  which  substantial  withdrawals  are 
being  made.*'  The  executive  branch  response, 
according  to  GAO,  was  confined  to  its  concur- 
rence in  principle  and  stated  that  "Interior  and 
Agriculture  are  working  toward  these  ends.  In- 
creased activity  will  be  required." 

GAO  added  that  otiier  responses  to  recommen- 
dations with  which  the  executive  branch  ex- 
pressed concurrence  or  concurrence  in  principle 
described  the  actions  to  be  taken  in  general 
languaite  such  as  "current  efforts  are  under  way," 
"efforts  are  being  made,"  or  "interested  agencies 


are  fully  involved  in  the  question,'  but  gave  no 
further  particulars.  GAO  concluded: 

We  believe  that  the  results  of  the  study  on  a 
national  materials  policy  could  have  been  more 
beneficial  if  it  had  been  directed  to  more  specific 
problem  areas  and  had  specified  recommended 
actions.  Also,  preparation  of  an  executive  branch 
response,  as  required  by  the  Federal  Advisory 
Conunittee  Act,  is  not  enough  to  insure  successful 
inipiementation  of  a  study  commission's  report. 
Effective  machinery  for  implementation  and  fol- 
low through  must  be  established  and  monitored  at 
the  highest  level  in  the  executive  branch. 

One  of  the  Commission  members.  University  of 
Indiana  political  scientist  Lynton  K.  Caldwell, 
disagreed  that  this  Commission,  or  any  other, 
should  try  to  be  too  specific  or  fry  to  dictate 
legislation.  "Anyone  who  has  been  around  Gov- 
ernment knows  that  the  surest  way  to  kill  some- 
thing is  to  make  it  so  specific  that  no  one  else  can 
ever  adopt  it  as  his  own,"  Caldwell  has  said. 
"People  feel  inclined  to  reject  specific  recommen- 
dations so  they  can  come  up  with  something  that 
reflects  exacdy  what  they  want  to  do." 

Some  observers  felt  that  the  report  would  have 
been  more  influential  if  the  Commission's  chair- 
man had  been  more  nationally  prominent.  The 
general  problem  of  a  commission  having  been 
iinposed  on  the  President  by  legislation  without 
his  concurrence  also  worked  against  its  effective- 
ness. The  slated  disagreements  of  Commission 
member  Frederick  Dent  (the  Secretary  of  Com- 
merce) were  detrimental. 

National  Growth  Polky  Reports  (1972,  1974,  and 
1976) 

Section  703(a)  of  the  1970  Housing  and  Urban 
Development  Act  directed  the  President,  "in  or- 
der^ to  assist  in  the  developinent  of  a  National 
Urban  Growth  Policy,  to  prepare  every  even- 
numbered  year  beginning  with  1972  a  'Report  on 
Jrt^an  Growth.'  "  The  Act  called  for  the  report 
to  include  identification  of  significant  trends  and 
developments,  a  summary  of  significant  problems 
facing  the  nation  as  a  result  of  these  trends,  a 
statement  of  current  and  foreseeable  needs  in  the 
areas  served  by  policies,  plans,  and  programs 
designed  to  carry  out  an  urban  growth  policy,  and 
recommendations  for  programs  and  policies  for 
carrying  out  the  urban  growth  polk:y. 

Members  of  the  Nixon  Administration  opposed 
this  part  of  the  legislation,  claiming  they  were 
working  out  policy  for  urban  and  national  growth 
in  their  owti  way,  chiefly  through  the  Cabinet 
Committee  on  National  Growth  Polk:y,  appointed 
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by  President  Nixon  and  chaired  by  the  Secretary 
of  Housing  and  Urban  Development  (HUD)  and 
inchiding  the  Secretaries  of  Agriculture,  Com- 
,  mcf^:c,  Labor,  and  Transportation,  the  Chainnan 
of  the  Council  of  Economic  Advisers,  and  the. 
Director  of  the  OfiRce  of  Economic  Opportunity. 
The  Administration  also  disliked  the  Act's  specific 
provirion  that  the  Domestic  Council  was  to  be 
^'adequately  orgkmized  and  staffed  for  the  purpose 
[of  carrying  out  the  legislative  mandate]/' 

John  Ehrlichman,  as  he9d  of  the  Domestic 
Councfl.  decided  early  in  1971  that  the  biennial 
report  should  be  assigned  to  the  Department  of 
Housing  and  Urban  Development,  llie  resulting 
draft  report  featured  a  number  of  new  housing 
and  urban  initiatives  that  HUD  Secretary  George 
Ronmey  hoped  to  institute,  with  a  budget-busting 
price  tag.  Ehrlichman  rejected  the  report  and  had 
the  Domestic  Council  revise  it  completely.  The 
report  the  President  submitted  to  Congress  in 
February  1972  bore  little  resemblance  to  what 
Congress  had  envisioned.  It  wasx:alled  a  Vfleport 
on  National  Growth/'  The  introductory  statement 
expbined  that  the  term  "national  urban  growth 
policy  '  was  too  narrow.  Instead,  the  report  would 
cover  national  growth  policy,  ''recognizing  that 
rural  and  urban  community  development  are 
inseparably  >:-iKcd/'  The  report  also  interpreted 
the  1970  Act  narrowly,  pointing  out  that  che 
statute  required  only  that  the  report  "assist  in  the 
development''  of  national  policy;  it  was  not  re- 
quired to  "enunciate''  such  policy. 

Most  of  the  1972  report  featured  Census  Bureau 
statistics  about  population  growth  and  distribu- 
tion, a  recitation  of  the  Nixon  Administration's 
achievements  in  its  first  two  years,  and  promo- 
tional descriptions  of  White  House  propossds  then 
before  Congress,  including  a  proposed  Depart- 
ment of  Community  Development,  general  and 
special  revenue  sharing,  national  land  use  plan- 
ning, powerplant  siting,  and  welfare  reform. 

Before  the  1974  report  was  prepared,  Ehriich- 
mali  sent  a  detailed  questionnaire  to  the  Secre- 
taries of  HUD»  Transportation,  HEW,  and  Com- 
merce. Among  the  135  questions  were  these: 

Is  there  any  reliable  estimate  of  alternative 
futures  for  the  country  in  the  ^sence  of  a  national 
growth  policy? 

Are  tnere  growth  objectives  which  can  safely 
be  said  to  have  widespread  or  universal  support 
which  are  not  being  promoted  by  present  F^eral 
policy? 

How  do  we  define  the  national  interest— how 
do  we  balance  the  rrlative  weights  of  economic, 
social,  and  other  considerations? 


To  what  extent  should  a  national  growth  policy 
attempt  to  achieve  welfare  and  ^ial  goals? 

The  small  group  at  HUD  preparing  the  1974 
report  was  never  furnished  the  answers  to  this 
questionnaire.  They  were  told  by  the  White 
House,  only  to  avoid  putting  in  any  new  policy 
recommendations.  The  draftVent  from  HUD  to 
the  White  House  late  in  1973,  but  no  action  was 
taken  for  almost  a  year.  Then  the  Domestic 
Council  under  President  GeraU  Ford  revised  the 
draft  and  submitted  it  to  Congress  under  the  title 
"Report  on  National  Growth  and  Development/* 
It  came  out  eari''  in  1975,  almost  a  year  late,  and 
contributed  little  to  any  ar.alysis  of  fUture  national 
growth  problems  or  preparatk>ns  to  meet  them.  It 
listed  13  "national  goals  related  to  growth''  (one 
sentence  per  goal),  and  stated  that  the  policymak- 
ers' task  was  to  understand  how  and  whether 
present  and  proposed  actions  wouki  affect  these 
goals.  This  woukl  require  "systematic  review  in 
the  course  of  decision-making  of  tlie  possible 
effects,  not  just  on  the  mission  goal  of  each 
decision-maker,  but  on  other  natk)nal  goals  as 
well;  and  improved  evaluation  of  existing  activities 
with  emphasis  on  both  attainment  of  the  mission 
goal  and  effects'on  other  goals." 

The  report  conchided  that  such  evaluatkin  was 
"much  easier  saki  than  done."  It  then  suggested 
developing  an  agreed-upon  set  of  gukielines  for 
the  decisk)n-making  process.  It  did  not,  however, 
produce  any  such  gukielines. 

The  1976  report,  without  measuring  up  to 
congressional  expectations,  was  a  decided  im- 
provement over  the  two  earlier  reports.  HUD 
convened  a  technical  research  program  and  se- 
lected a  25-member  federal  interagency  task  force 
to  help  delineate  growth  trends,  identify  problems 
and  present  broad  policy  options.  For  the  first 
time,  public  pa*^jcipatk)n  was  permitted  through 
seminars  on  legional  growth  and  development 
held  in  Washington,  D.C.,  Kansas  City,  and  San 
Francisco.  Also,  HUD  received  funding  with 
which  it  let  a  number  of  contracts  for  preparation 
of  technical  materials  as  the  basis  for  public  and 
interagency  discussion.  A  draft  report  was  circu- 
lated for  review  and  comment  to  35  publk:-inCerest 
groups,  trade  groups,  state  and  local  government 
representatives,  areawide  organizations  and  Con* 
gress,  and  HUD  publicized  the  commenfs  in  a 
separate  volume. 

The  1976  report  was  subtitled  "The  Changing 
Issues  for  National  Growth."  While  the  report 
klentified  ongoing  problems,  it  did  not  offer  de- 
tailed analyses  of  their  relation  to  the  future,  nor 
did  it  adequately  klentify  the  options  and  altema- 
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tivcs  available.  The  principal  recommendations 
for  addresstnl^^the  issues,  the  report  stated,  *'can 
be  found  in  the  Message,  the  State  of  the 

,  Union  Message  and  legislative  proposals  now 
before  th^  C^iitgress;* 

•  *  Thri^9||6rt<*«|^  however,  make  suggestions  for 
.  «jncreased  :|HiMJi^.particjpation  **to  provide  for 
orderly  and  dirececommunication  to  the  President 
ahd  thfe  popf^^'om  wide  range  of  perceptions 
of  naVbbaS  gr^^  issues,"  and  '  to  increase 
public,  awareness  of  future  implications  of  the 
present  policies  end  of  the  necessity  to  plan  for 
the  future.**  Tlite  report  also  suggested  that,  be- 
cause federal  aiu»istance  for  state  and  local  growth 
{banning  efforts  k  fragmented  and  uncoordinated, 
"a  designated  etoinent  of  the  Executive  Branch 
under  the  ausfSlces  of  the  Domestic  Council 
,    should  accompli^  the  rationalization  of  Federal 
planning  assistance  programs  and  requirements 
across  department  and  agem^y  lines." 
^The  fir^t  four  chapter!^  ^of  the  1976  report 
described  national  lrcn4f%ld  the  changes  that 
Were  appearing  in  the  riationaf  economy  and 
sdcicty.  Another  nine  chapters  fexan\ined  broad 
,    (wJicy  alternatives  in  several  Wis  of  grov  ih  (such 
as  energy  impacts  and  prpmise^  ^  problems  of 
altem^e  energy  sQyrces)!  groi^  consequences 
of  envinmmental^  regulations  and  enytfonmenlal 
impacts  olT  the  location  of  growth,  choices  in 
natural  resources,  tranfportation  policy,  housing 
policy,  and^Dit^nced  q;onoinic  growth. 

The  National ^EofUfli  on  Grawth  Policy,  a 
private  organiiation,  comprising  over  40  organi- 
zations irydlvcti  in  business,  the  design  profes- 
sions, public  interest  matters,  public  affairs,  the 
environment*  civil  rights,  banking,  and  state  and 
local  ^pvemment,  sponsored  a  critique  of  the  1976 
report,  pointing  out  that  the  report  did  not 
contain  recommended  national' foals,  f^iicy  or 
programs.''  It  was  said  that  ihe  report  lacked  a 
''theoretical  framework  needed  to  interpret  the 
meaning  of  the  analytical  information"  and  that  it 
failed  ''to  clearly  articulate  its  assumptions  and 
define  its  terms."  The  Forum  recommended  that 
the  1978  report  shouki  evaluate  and  recommend 
new  ins  itutk>ns  to  improve  the  process  of  polfcy 
devek>pment  and  should  focus  on  revitalization  of 
the  central  city,  national  housing  polfcy,  environ- 
mental quality,  and  growth  polk:y. 

Hubert  Humphrey,  as  cochairman  of  the  Senate 
vbint  Econognic  Committee's  Subcommittee  on 
Econonuc  Growth  and  Stabilizatfon,  submitted  to 
HUD  a  detailed  critkjue  of  the  1976  report,  which 
was  tongcr  than  the  report  itself.  Although  he  saw 
it  as  an  improvement  over  the  1972  and  1974 
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reports,  Senator  Humphrey  wrote  that  it  had  two 
great  flaws: 

First,  even  though  it  contains  considerably 
more  information  than  earlier  reports,  it  does  not 
really  help  us  to  understand  the  meaning  of  the 
information  it  presents. 

Second,  as  ;n  the  past  the  report  does  not 
confront  the  high  priority  problem  presented  by 
the  structure  vf  decisionmaking  processes  that 
impede  the  formulation  of  growth  and  develop- 
ment policy  for  the  United  States. 

Hump'hrey  reconunended  that  the  timing  of  the 
report  be  changed  so  that  it  would  be  ready  for 
each  new  Congress,  that  future  reports  contain 
important  research  findings  and  relevant  polk^y 
recommendations  presented  elsewhere  by  the 
Administration,  that  the  growth  report  receive 
wider  distribufJon,  and  that  future  reports  give 
increased  attention  to  the  problem  of  improving 
public  access  to  the  growth  polk:y  planning  pro- 
cess. 

"The  fundamental  issue  in  growth  polky  today 
is  that  the  Federal^  Government,  in  both  its 
legislative  and^  executive  branches,  is  not  struc- 
tured in  such  a  way  that  it  can  systematically 
assess  long-range  polky  and  program  questions  or 
estimate  long-range  impacts  of  current  decisions," 
stated  Humphrey  and  Senator  Jacob  Javits  in  a 
Joint  Econom''?  Committee  document  that  re- 
viewed the  1976  report.  They  added:  '  There  is 
growing  publk:  concern  about  the  performance  of 
Government,  in  part,  because  of  Government 
promising  more  than  it  can  deliver.  We  believe 
that  this  public  concern  is  the  result  of  an  aware- 
ness on  the  part  of  the  publk.  that  the  Federal 
Government  ha^  failed  to  develop  the  capacity  to 
make  publk:  polk:y  decisions  in  a  rational,  in- 
formed, future-oriented,  and  coherent  way." 

One  HUD  official  involved  in  the  biennial 
reports  saki  that  such  one-shot  studies  were  highly 
inadequate.  An  institution  vested  close  to  the 
President,  he  believed,  shouW  be  created  for  long- 
range  studies  and  pfanning.  The  institution  shouki 
be  in  a  position  to  cycle  m^or' presidential  initia- 
tives, like  the  state  of  the  union  address  and  the 
budget,  through  its  members  for  response  and 
policy  suggestions.  The  group  should  also  bein  a 
position  to  consult  with  state  and  corporate  lead* 
ers  and  with  nif-mbers  of  Congress. 

For  the  1978  report,  the  Democratic  Administra- 
tion recommended  a  revision  of  the  1970  Housing 
and  Urban  Development  Act  in  order  to  convert  the 
biennial  urban  f^rowih  report  into  a  national  urban 
policy  report.  This  change  war,  made  (oTreflect  the 
patterns  of  pop^ilation  and  job  movements  and  the 
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coKitinuing  decline  of  some  older  established  cities 
since  the  1970  Act. 

The  President  appointed  the  HUD  Secretary  in 
March  1977  to  head  a  federal  working  group  that 
would  formulate  the  urban  policy  and  recommen- 
dations for  national  government  action.  Participat- 
ing agencies  included  HUD,  The  Departments  of 
Treasury,  Labor,  Transportation,  and  Commerce, 
The  Environmental  Protection  Agency,  Commu- 
nity Services  Administration,  ACTION,  and  The 
Law  Enforcement  Assistance  Administration.  In- 
volvement of  nonfederal  groups  was  extensively 
sought  and  encompassed  the  views  of  state  and 
local  officials,  civil-rights  labor,  and  corpora'e 
leaders,  public-interest  and  volunteer  groups,  busi- 
nessmen and  businesswomen,  and  private  citi- 
zens. 

The  Presideni  announced  on  March  27,  1978,  a 
comprehensive  urban  policy,  based  on  the  work- 
ing  group's  recommendations  and  extensive  White 
House  discussion  with  many  interest  groups, 
congressional  representatives,  and  the  public. 

The  urban  policy  set  forth  a  ^amework  of 
concern  for  urban  areas  with  special  emphasis  on 
remedial  actions  to  help  the  older,  more  distressed 
communities  as  well  as  preventative  action 
avoid  hurting  them  in  the  future. 

Worksiiop  on  AHcnuitlve  Energy  Strategies  (1974) 

The  Workshop  on  Alternative  Energy  Strategies 
(WAES)  was  a  private  sector  initiative  that  in- 
cliided  government  an'1  business  decision-makers 
from  15  countries.  It  is  included  here  as  one  of 
two  nongovernmental  examples  of  such  a  group 
because  it  offers  sonrte  valuable  insights  into 
organizing  for  effectiveness  oii  an  international 

SC£k. 

Over  a  3-ycar  period  ending  in  1977,  the  Work- 
shop produced  the  first  eneiigy  assessment  to  the 
year  2000  on  a  neariy  global  scale  (communist 
countries  were  not  inchided).  The  project  was  led 
by  Carroll  L.  Wilson  of  the  Ma^^^chusetts  Insti- 
tute of  Technology  and  supported  by  a  nun}ber  of 
private  philanthropic  foundations,  three  corporate 
foundations,  and  the  National  Science  Founda- 
tion. 

Wilson  had,  in  recent  years,  initiated  and  led  a 
number  of  other  studies  such  as  the  **Study  of 
Critical  Environmental  Problems"  (l%9)  and 
"Man's  Impact  on  Climate"  (1970).  He  con- 
cluded, however,  that  while  these  and  similar 
studies  received  recognition  in  academic  circles, 
they  were  not  adequately  presented  to  decision- 
makers. 

The  Works* A>p  on  Alternative  Energy  Strategies 
was  bom  of  Wilson's  belief  that  more  effective 


mechanisms  were  needed  for  the  study  of  critical 
global  pioblems.  He  selected  energy  as  the  study 
topic  because  he  felt  the  worid  was  moving 
steadily,  and  with  little  apparent  cojDcem,  toward 
a  new  and  massive  energy  crisis.  The  catalytic 
ingredient  of  this  new  study  was  its  use  of  people 
who  had  nugor  standing  in  their  own  communities 
and  who  had  access  to  a  network  of  influence  in^ 
their  own  country. 

Wilson  assembled  people  who,  rather  than 
being  technical  experts  in  energy were  high-level 
representatives  of  large  eneiigy  users  or  producers 
or  government  officials  having  some  responsibility 
for  energy  policy.  Participants  were  from  Canada, 
Denmark,  Finland,  France,  Germany,  Iran,  Italy, 
Japan,  Mexico,  the  Netherlands,  Norway,  Swe- 
den, the  United  Kingdom,  the  United  States,  and 
Venezuela.  One-third  of  all  the  participants  were 
from  government. 

Each  participant  was  required  to  choose  and 
provide  funding  for  at  least  one  associate  who 
couW  work  nearly  fuU-time  for  the  Workshop  and 
secure  the  necessary  data  and  technical  expertise 
for  his  country.  Associates  nwt  ;i  times  for  1-2 
week  sessions  over  a  period  of  28  months.  Partic- 
ipants met  seven  times,  2-4  days  at  a  time.  The 
goals  of  the  study  were: 

•  To  develop  a  useful  method  of  projecting  na- 
tional supply  and  demand  for  energy; 

•  To  study  supply  and  demand  to  1985  and  2000 
for  the  countries  participating  in  the  Workshop, 
which,  together,  consume  most  of  the  world*s 
energy; 

•  To  develop  a  method  for  estimating  global 
production  of  oil,  gas,  coal  and  nuclear  power; 
and 

•  To  determii^e  whether  and  when  prospective 
global  shortages  of  certain  fuels  are  likely  to 
occur  and  how  rapidly  they  might  grow. 

The  report,  published  in  a  book.  Energy: 
Global  Prospects  1985-2000,  contained  conclu- 
sions but  did  not  make  recommendations. 

From.the  start,  ^e  project  participants  kept  i'.i 
mind  the  need  for  adequate  dissemination  of  the 
fmdings.  Most  members  briefed  the  editorial 
boards  of  the  leading  newspapers  in  their  coun- 
tries in  advance  of  the  release  of  the  report.  Press 
conferences  were  held  on  the  same  day  in  the 
capitals  of  the  countries.  Wilson  testified  before 
energy  hearings  in  Congress,  and  participants 
from  several  other  countries  communicated  the 
information  to  their  government^  or  to  the  private 
sector. 
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htcnatkmal  InsUtitte  for  ApplM  Systems 
Anaylsis  (1172) 

A  unique  institution  with  a  holistic  approach  to 
common  problems  that  cannot  be  solved  by  any 
single  country  alone  is  the  International  Institute 
for  Applied  Systems  Analysis  (llASA).  The  Insti- 
tute is  situated  near  Vienna,  Austria,  and  supports 
about  IGO  research  scientists.  It  is  considei'ed 
iiongovernmental  because  its  members  arc  scien- 
tific institutions  from  the  participating  nations  and 
not  the  political  entitites  of  the  governments 
themselves.  It  was  founded  in  October  1972  on 
the  initiative  of  the  academies  of  science  or 
equivalent  institutions  in  12  industrial  nations, 
both  East  and  West  (institutions  from  five  other 
countries  have  since  joined  the  the  institute).  The 
Academy  of  Science  of  the  U.S.S.R.  and  the  U.S. 
National  Academy  of  Sciences  (funded  through 
the  National  Science  Foundation)  contribute  the 
largest  part  of  the  financial  support,  and  private 
sources  such  as  philanthropic  or  corporate  foun- 
dations contribute  about  $1  million  a  year. 

IIASA's  programs  are  classified  as  either 
'^global'*  (programs  that  affect  and  can  be  re- 
solved only  by  the  actions  of  more  than  one 
nation)  and  "universal"  (those  that  affect  and  can 
be  resolved  by  actions  of  individual  nations  but 
which  all  nations  share).  As  the  name  of  the 
Institution  indicates,  its  scientific  research  and 
study  concentrate  on  applying  modem  methods  of 
analysis  to  contemporary  problems  of  society, 
using  the  tools  of  modem  management,  such  as 
systems  theory,  operations  research,  and  cybcr- 
neticsL.  Emphasis  is  placed  on  attempting  to  bridge 
the  gap  between  scientists  and  decision-makers. 
The  results  of  studies  arc  widely  communicated 
through  publications  distributed  by  member  sci- 
entific institutions,  and  an  effort  is  made  to  inform 
the  nonexpert  of  the  results  of  studies  of  intema- 
tional  problems. 

Two  current  m^jor  global  projects  arc  on  energy 
systems  and  on  food  and  agriculture.  The  energy 
ptoject  is  concentrating  on  finding  strategies  for 
the  transition  over  the  next  15  to  50  years  from  an 
energy  economy  based  on  oil,  gas,  and  conven- 
tional coal  to  an  economy  based  on  the  virtually 
inexhaustible  resources^solar,  nuclear,  and 
geothermal — as  well  as  to  some  extent  on  new 
sources  of  coal.  Research  activities  include  study- 
ing systems  implications  of  the  exploitation  of 
scarce  enci^y  resources;  eneiigy  demand  studfcs, 
such  as  one  that  projects  global  energy  demand 
with  regard  to  the  development  of  regions,  world 
population  growth,  and  changes  in  lifestyle;  and  a 
^  study  of  strategies  relating  the  nuclear-risk  prob- 


lem tc  decision-making.  The  final  energy  project 
report  is  expected  in  1979. 

Although  IIASA  is  composed  of  scientific  rep- 
resentatives from  industrial  nations,  the  food  and 
agriculture  program  is  concemed  also  with  a 
number  of  less  developed  countries  (LDCs)  that 
have  agricultural  economies.  The  program  objec- 
tives are  to  evaluate  the  nature  and  dimensions  of 
the  world  food  situation,  to  study  altemative 
policy  actions  at  the  natk>nal,  regional,  and  global 
level  that  may  alleviate  existing  and  emerging  food 
problems,  and  to  determine  how  to  meet  the 
nutritional  needs  of  the  growing  global  population. 

Typical  projects  include  developing  a  model  of 
the  dynamic  interdependence  between  migration 
and  human  settlement  pattems  and  agricultural 
technology,  identifying  and  measuring  the  envi- 
ronmental consequences  oif  water  use  in  agricul- 
ture as  constraints  on  agricultural  productk)n,  and 
modeling  the  agricultural  structures  of  some  pilot 
LDCs— describing  thdr  agricultural  policy  objec- 
tives and  devising  planning  models  suitable  for 
estimating  the  consequences  of  altemative  na- 
tional policies. 

National  Commission  on  Su|>pllies  and 
ShT/itages;  Advisory  Committee  on 
National  Growth  Polky  Processes  (1975) 

Another  Nixon-Ford  era  initiative  in  the  mate- 
rials field  with  a  m^jor  institutional  objective  was 
the  National  Commission  on  Supplies  and  Short- 
ages and  its  separate  Advisory  Committee  on 
National  Growth  Policy  Processes.  These  activ- 
ites,  like  the  1971-73  National  Commission  on 
Materials  Policy,  were  conceived  by  Congress. 
During  1974  Senate  M^orily  Leader  Mike  Mans- 
field pushed  for  legislation  that  resulted  in  creation 
of  the  National  Commission  on  Supplies  and 
Shortages.  He  drew  support  from  other  members 
of  Congress  concemed  with  the  1973-74  oil  crisis 
as  well  as  shortages  of  other  materials  in  the  early 
1970s.  They  believed  that  the  shortages  were  a 
symptom  of  inadequate  preparation  by  govera- 
meiU  and  that  existing  institutions  were  not  doing 
enough  to  kientify  and  anticipate  such  shortages. 
They  were  also  concerned  that  the  data  on 
materials  being  collected  in  various  agencies  of 
the  govemment,  were  not  being  systematically 
coordinated  and  transmitted  to  the  appropriate 
agencies  and  to  Congress. 

However,  Senator  Mansfield's  concem  reach^ 
beyond  shortages  of  materials.  As  M^ority 
Leader,  he  had  become  increasingly  troubled  and 
frustrated  over  the  inability  of  govemment  to 
identify  resource  availability  problems  in  a  timely 
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fashion  and  to  suggest  alternatives  for  dealing  with 
them.  Mansfleld  felt  so  strongly  about  this  that  he 
priced  with  Republican  Senate  leader  Hugh  Scott 
to  get  cooperation  from  the  White  House  for  the 
legislation  and  to  work  out  an  arrangement  for 
making  appointments  to  the  Commission  in  a  way 
that  would  be  satisfactory  to  President  Nixon, 
who  was  not  enthusiastic  over  the  new  Commis- 
sion. After  a  numher  of  meetings,  the  White 
House  agreed  to  back  the  bill,  which  would  give 
the  President  the  opportunity  to  appoint  9  of  the 
Commission's  14  members,  4  to  be  senior  officials 
from  the  executive  branch  and  5  private  citizens 
selected  in  consultation  with  the  Majority  and 
Minority  Leaders  of  the  Senate. 

The  original  idea  was  for  a  6-month  study  using 
existing  data  but  focusing  on  institutional  changes 
that  could  aid  in  examination  and  anticipation  of 
shortages.  When  the  enabling  legislation  went  to 
the  floor  for  passage,  however,  it  provided  for  a 
one-year  study.  t)n  the  day  the  bill  was  to  be 
voted  on  in  the  Senate,  Hubert  Humphrey  intro- 
duced an  amendment  to  add  a  Citizens  Advisory 
Committee  and  expands  the  list  of  study  areas 
beyond  materials  and  into  almost  all  parts  of  the 
Government.  Humphrey's  purpose  was  to  de- 
velop recommendations  for  establishing  a  more 
"Adequate  economic  policymaking  process  and 
structure  within  the  executive  and  legislative 
branches. 

For  years,  Humphrey  had  been  interested  in 
getting  better  institutional  arrangements  for  devel- 
oping economic  policies  and  alternatives  to  deaj 
with  future  problems.  Earlier  in  1974,  as  part  of  a 
Humphrey  legislative  proposal  for  a  Balanced 
National  Growth  and  Development  Act,  the  Sen- 
ator had  proposed  a  National  Citizens  Council  on 
the  Amencan  Future. 

When  Humphrey  introduced  his  amendment  to 
the  Mansfield  bill,  the  Majority  Leader  opposed 
the  surprise  amendment  because  he  thought  it 
would  unnecessarily  burden  his  bill.  But  Hum- 
phrey was  insistent,  and  Mansfield  eventually 
agreed  to  a  watered-down  version  of  the  amend- 
ment. When  the  amended  bill  was  approved  by 
the  Senate,  many  observers  believed  the  Hum- 
phrey-proposed Advisory  Committ^^e  would  be 
eliminated  in  a  Senate-House  Conference. 

For  several  weeks  a  good  deal  of  political 
maneuvering  took  place  as  presidential  support 
for  the  Mansfield  bill  waned.  White  House  offi- 
cials felt  that  another  presidential  commission  was 
unnecessary,  l^te  in  September,  however,  Mans- 
field used  the  tactic  of  offering  the  entire  bill, 
which  already  had  passed  the  House,  in  the  form 
of  an  amendment  to  another  bill  to  change  the 


Defense  Production  Act  of  1950.  The  strategy 
worked,  and  the  Congress  approved  the  Mans- 
field-proposed National  Commission  on  Supplies 
and  Shortages,  along  with  its  Advisory  Committee 
on  National  Gfmth  Policy  Processes,  as  part  of 
ihe  defense  bill.  President  Ford  signed  the  legisla- 
tion iq  September  1974,  a  few  weeks  after  taking 
office. 

After  almost  a  year's  delay,  resulting  from  the 
inability  of  the  White  House  to  come  up  with 
selections  for  the  five  private-sector  members,  the 
Commission  finally  got  under  way  in  September 
1975.  Donald  Rice,  president  of  the  Rand  Corpo- 
ration {a  former  assistant  director  of  the  Office  of 
Management  and  Budget),  became  chairman. 

^Many  of  the  administration  and  congressional 
members  of  the  Commission  did  not  personal^ 
attend  Commission  meetings,  which  were 
every  six  weeks  or  so;  they  sent  delegates  instead. 
The  early  Commission  meetings  were  not  an- 
nounced in  the  Federal  Register,  although  osten- 
sibly they  were  open  to  the  public.  Later  meet- 
ings, at  w*^  .h  decisions  were  made,  were  open 
only  to  Commission  members. 

The  Commission  did* not  attempt  any  new  data 
collection  or  make  supply-and-demand  projections 
into  the  future.  Instead  it  analyzed  available 
information,  concluding  that  ''we  see  little  reason 
to  fear  that  the  world  will  run  out  of  natural 
resources  during  the  [next]  quarter  century.'* 

Nine  case  studies  were  prepared  that  examined 
the  causes  of  shortages  in  certain  materials  during 
the  1973-74  period.  The  Commission's  major 
recommendations  were  for  improvement  of  data 
collection  and  analysis  in  specific  government 
agencies,  with  emphasis  on  line  agencies.  On  the 
subject  so  important  to  Senator  Mansfield — a  new 
institution  for  policymaking — the  Commission 
wound  up  recommending  the  creation  within  the 
Offioe  of  Management  and  Budget  of  a  unit  of  20- 
30  "sectoral  and  industry  specialists"  to  monitor 
Icey  materials  industries  and  sectors,  to  develop  a 
framework  for  analyzing  the  comprehensive  ef- 
fects oC  proposed  major  federal  policy  actions, 
and  to  monitor  the  basic  data  collection,  data 
analysis,  and  policy  analysis  activities  of  the  line 
agencies  and  departments.  They  also  recom- 
mended adding  10  senior  staff  positions  to  to  the 
President's  Council  of  Economic  Advisers  to  build 
up  sectoral  and  industry  analysis  capabilities  in 
the  materials  area. 

The  Commission's  report,  ^Government  and 
the  Nation's  Resources,'*  was  released  the  first 
week  of  1977.  The  timing  could  not  have  been 
worse.  Not  only  had  Senator  Mansfield  left  office, 
but  both  of  the  senators  who  served  on  the 
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Conunistidn  had  been  ^defeated,  and  one  the 
two  House  members  had  left  office.  The  Admin- 
istntion  was  changing,  and  the  mining  industry 
was  upset  over  one  of  the  recommendations 
concerning  the  U.S.  Bureau  of  Mines.  Staff  Direc- 
tor Georye  Eads  spent  January  1977  working  at 
the  Couiica.of  Economic  Advisers,  seeking  to  get 
some  of.  the  Commission's  ideas  implement^. 
The  only  bri^  -not  was  a  hearing  hekl  by  the 
Senate  Subconunittee  on  Science,  Technology, 
and  Space  (of  the  Gmunerce  Committee),  whkh 
gave  some  visil»iity  to  the  report's  findings  and 
recommendations. 

Whik  the  National  Commission  on  Supplies 
and  Shortages  was  making  its  year-long  study  and 
pitparmg  its  report,  its  Advisory  Committee  on 
National  Growth  PoUcy  Processes  had  been  at 
work  along  separate  and  sometimes  coi^krting 
lines.  The  Advisory  Committee's  19  members  all 
came  fixmi  outside  Government  and  inchided  a 
former  Cabinet  member  and  a  noted  presidential 
historian.  Ind^'ntrialist  AmoM  A.  Saltzman  was 
nanted  Advisory  Cc^nmittee  Chaimum.  The  staflf 
director,  J*.:r.^s  E.  Thornton,  had  been  the  author 
of  the  Humphrey  amendment  that  established  the 
Committee,  and  while  working  on  the  Senate 
Agricuhurc  and  Forestry  Committee,  had*  helped 
Humphrey  on  his  proposal  for  achieving  balanced 
national  growth  and  development. 

The  Illation  authorizing  the  Advisory  Com- 
mittee provided  a  wide-ranging  mandate  (**to 
develop  rqpommendations  as  to  the  establishment 
of  a  policymaking  process  and  structure  withAi 
the  executive  and  legislative  branches  of  the 
F^ral  Goverrtnient  as  a  means  to  integrate  the 
study  of  supplies  and  shortages  of  resources  and 
commodities  into  the  total  problem  of  balanced 
national  growth  and  development*').  The  Advisory 
Committee,  however,  had  a  sparse  budget  that^ 
supported  only  a  staff  director  and  one  assistant, 
and  many  of  the  Committee  mem^rs  paid  their 
own  expenses  when  attending  monthly  meetings. 
Members  wrote  their  own  papers  and  worked  up 
prc^sals  ^ween  meetings.  The  issuer  that  re- ' 
ceived  mc^  attentk>h  was  the  attempt  to  deter- 
mine how  to  improve  the  long-range  policymaking 
processes  of  government  in  both  the  executive 
and  legislative  branches. 

In  its  report  to  the  President  and  Congress,  the 
Advisory  Committee  urged  that  the  nation  become 
not  a  planned  society,  but  a  planning  society. 
Adequate  and  open  planning  for  the  futui^  wouM 
result  jn  less  governmental  interference,  and  the 
necessary  government  interventkm  would  be  more 
conskiered,  more  timely,  ^  less  heavy-handed. 
The  Papon's  prime  recommendation  was  for  the 


institutionalization  of  the  planning  process  in  an 
independent  executive  branch  agency  to  be  cre- 
ated by  Congress  and  called  the  National  Growth 
and  Development  Commission.  The  new  Commis- 
sion woukl  have  the  mandate  **to  examine  emerg- 
ing issues  of  nuddle-  to  long-range  growth  and 
development,  and  to  suggest  feasible  alternatives 
for  the  Congress,  the  President,  and  the  publk:." 
The  Commission  would  provide  an  early  warning 
system  that  wouM  identify  and  examine  polk' 
issues  before  they  surfaced  as  crises.  It  woukl 
have  no  executive,  legislative,  or  judfcial  powers. 
The  Advisory  Committee  recommended  that  ena- 
bling legislation  to  establish  the  National  Growth 
and  Development  Commission  shouhl  require  the 
President  and  Congress  to  respond  in  some  fash- 
k>n  to  the  Conunissk)n's  reports.  The  proposed 
Commissk)n  woukl  conduct  its  affairs  openly  and 
hold  publk  hearings.  It  would  submit  an  annual 
report  to  Congress  and  the  President,  setting  forth 
its  proposed  research  agenda,  the  status  of  ongo- 
ing work,  and  a  summary  of  the  reaction  from 
Congress,  the  President,  and  the  publk  to  pre- 
vious reports.  The  new  Commission  would  re- 
ceive an  initial  budget  authorization  for  eight  years 
to  ensure  its  continuity.  To  balance  presidential 
and  con^ssional  influence,  the  chairman  of  the 
Commisskn  wouW  be  appointed  by  the  President, 
but  the  President  wouW  be  required  to  consult' 
with  the  congressional  leadership  before  making 
Commisskn  appointments.  The  Advisory  Com- 
mittee report  also  suggested  that  the  new  Commis- 
sion consist  of  nine  people,  five  full-time  and  four 
part-time  (allowing  for  participation  by  those  not 
able  to  accept  full-time  appointments).  Terms  of  ^ 
offike  would  run  for  five  years.  No  member  coukJ 
be  removed  except  for  cause,  and*  all  appoint- 
ments would  require  Senate  confirmation. 

The  Advisory  Committee  was  not  unanimous 
on  this  recommendation.  One  Conmiittee  member 
aigued  that  it  \vould  give  too  much  power  to  the 
group  qjpwise  men,"  as  the  Committee,  members 
informally  referred  to  the  members  of  the  pro- 
posed Commission. 

Another  institutional  recommendation  of  the 
Advisory  Committee  was  the  creajion  of  a  Center 
for  Statistical  Pblicy  arid  Analysis  to  coordinate 
statistical  support  for  the  work  of  the  Preskient 
and  Congress.  The  Center  would  be  an  independ- 
ent agency  in  thfc  executive  branch,  but  outside 
the  Executive  Offic?  of  the  President. 

'^Among  recommendations  of  the  Advisory  Com- 
mittee that  dealt  with  Congress  \^  one  that 
wouW  require*  each  congressional  committee  re- 
port accompanying  proposed  legislation  to  include 
an  outline  of  the  bill's  foreseeable  indirect  middle- 


id 

ERJC 


S02 


7!0 


APPENDIX 


to  long-range  effects,  as  weU  as  a  concise  state- 
ment of  the  general  goals  and  specific  objectives 
ofthebiU. 

Reflecting  one  of  the  m^jor  differences  of  ap- 
proach between  the  parent  National  Commission 
on  Supplies  and  Shortages  and  its  A:)*  isory  Com- 
mittee, the  Commission  in  i*s  repon  expressed 
doubts  concerning  creation  of  an  independent  new 
National  Growth  and  Development  Commission, 
as  recommended  by  the  Advisory  Committee.  In 
the  formal  letter  to  the  President  and  to  Congress 
submitting  the  Advisory  Committee's  report, 
Commission  Chairman  Rice  stated  that  the  Com- 
mission believed  that  the  proposed  new  institution 
'  fails  the  test  of  feasibility  and  that  the  aims 
sought  would  be  better  met  by  the  proposals  we 
have  made  in  our  own  report  for  improving  the 
an9^*'ticai  capabilities  of  existing  agencies  and 
departments/  The  impact  of  the  two  groups' 
reports  was  marred  by  this  disagreement. 

Conclusions 

Some  Observations 

1.  For  the  past  70  years  the  nation's  leadership 
has  perceived  periodically  a  need  for  long-term 
analysis  of  problems  relating  to  natural  resources, 
population,  or  the  environment.  For  the  most 
part,  these  issues  have  been  addressed  on  an  ad 
hoc  basis  by  appointing  presidential  commissions 
or  other  temporary  groups  ^o  study  the  situation, 
make  their  reports*  and  then  disband.  As  a  result, 
decision-makers  continue  ta  deal  piimarily  with 
immediate  problems,  wb  :j  consideration  of  how 
to  prepare  for  condition^  that  might  exist  10,  20. 
or  30  years  in  the,  future  is  postponed  for  lark  of 
adequate  and  systematk:  information  on  tht  op- 
tions a<'iilable  and  on  the  social,  economic,  and 
environ  .lental  imp^fs  of  alternate  choices. 

2.  I  unjrc-oriente^I  commissions  or  study  groups 
have  gcjKraJly  studied  natural  resources  problems 
scpi^^-  >  from  problems  related  to  population 
and  the  environment.  There  has  been  insufficient 
recognition  of  the  interrelation  of  these  three 
kssues.  feach\^succfe^b^  year,  as  the  problems 
bf^v^ome  more  comj^lex  and  the  interrelationships 
more  ii-volved,  the  need  for  a  holistic  approach  to 

ecision^making  becomes  more  urgent. 

Mo^t  analyses  of  future  problems  in  popula- 
tion, natitfalresc^urces,  and  the  environment  have 
been  made  onl)|  on  a  national  basis.  President 
Tniman  recognhted  the  need  for  assessing  global 
implications  of  jnaturai  resources  when  he  in- 
structed his  Materials  Policy  Commission  in  I9S1 
to  make  its  study  of  materials  policy  international 


in  scope,  at  least  to  the  extent  of  considering  the 
needs  and  resources  of  friendly  nations.  But  while 
the  harmful  effects  of  population  growth,  resource 
consumption,  and  pollution  spread  across  borders 
and  oceans,  the  international  approach  to  long- 
range  planning  for  solutions  to  these  problems 
continues  to  be  neglected. 

4.  When  commissions  or  other  bodies  have 
been  formed  to  considvr  long-term  problems  in 
population,  natural  resources,  and  the  environ- 
ment, their  effectiveness  been  hampered  by 
lack  ot  provisions  for  following  up  on  theii 
recommendations.  In  several  cases  the  heads  of 
commissions  felt  so  strongly  about  the  need  for 
ongoing  institutions  that  they  set  up  private  oi^- 
nizations  on  their  own  to  follow  up  with  their 
group's  recommendations,  which  have  led  to 
some  efforts  of  ongoing  analysis. 

^.  One  recommendation  has  been  made  by 
virtually  every  presidential  commission  on  popu- 
lation, natural  resources,  or  the  environment:  the 
establishment  of  a  permanent  body  somewhere 
high  in  -the  executive  branch  for  performing  con- 
tinuous futures  research  and  analysis.  Although 
ideas  for  locution  of  such  a  permanent  group  have 
varied,  proposals  hav-  generally  indicated  that  a 
statutorily  created  institution  with  access  to  the 
President  could  explore  potential  goals,  watch  for 
trends,  and  look  ^1  alternate  possibilities  for 
accomplishing  stated  objectives. 

Lessons  from  the  Past 

The  recommendation  of  ?resident  Truman's 
Materials  Policy  Commission  for  an  advisory  body 
in  the  Executive  Office  of  the  President  to  frame 
recommendations  for  policy  up  to  25  years  ahead 
went  unheeded.  The  National  Goals  Research 
Staff  was  terminated  by  President  Nixon  after 
(completing  only  one  of  its  scheduled  annual 
reports  on  goals,  and  before  it  could  complete  its ' 
work  of  setting  up  in  the  private  sector  a  National 
Center  for  Goals  and  Alternatives  to  work  with 
the  governmental  efforts  a^  decision-making  for 
the  future.  The  National  Materials  Polk;y  Com- 
mission (appointed  by  PreJdent  Nixon  in  1971), 
recommended  creation  of  a  comprehensive  Cabi- 
net-level agency  for  looking  at  the  future  in  terms 
of  materials,  energy,  and  the  environment,  but  the 
recommendation  produced  no  results.  And  the 
1976  recommendation  of  the  National  ComiTi  ^sion 
on  Supplies  and  Shortages'  Advisory  Committee 
on  Nati  lal  Growth  Policy  Processes,  ^^lling  for 
a  permanent  National  G.owth  and  Developmrnt 
Commission,  was  submitted  in  the  last  few  v^eks 
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of  the  outsoing  Ford  Administration,  too  late  to 
be  acted  upon.  The  Advisory  Committee  had 
urged  that  a  pennanent  institution  for  planning 
cuAduct  its  affiurs  opttdy,  hold  public  hearings, 
and  submit  an  annual  report  setting  forth  its 
propped  research  agenda^  the  status  of  ongoing 
work,  and  a  summary  of  reactions  from  Congress 
and  the  President  to  pvevious  reports. 

In  the  one  case  in  which  a -President  did 
estabUsb— without  congressional  authorization — a 
mechanism  for  long-range  planning  and  advice, 
the  institution  was  often  at  odds  with  other 
agencies  and  with  the  Congress  and  was  fmally 
legislated  out  €i  existence  by  Congress.  This  was 
Franklin  D.  Roosevelt^s  National  Resources  Plan- 
ning Board  and  its  earlier  entities.  When  the 
Board  helped  to  coordinate  activities  of  some 
Cabinet  agencte*  and  to  get  their  ideas  befove  the 
Presklrat,  it  had  some  success.  But  when  it  tried 
to  estahUsh  its  own  fiekl  staff  and  do  its  own 
pianrimg,  it  incurred  hostility  from  regular  line 
age5::ies.  Roosevelt*s  Board  also  did  most  of  its 
wotk  in  secret,  which  aroused  ftirther  antagonism. 

On  the  other  hand,  in  the  one  case  in  which 
Congress  enacted  legislation  (the  National  Envi- 
ronmental Policy  Act  nf  1969)  to  establish  a 
permanent  Councfl  on  Environmental  Quality  to 
advise  the  Freskient  regularly  on  long-term  na- 
tional environmental  policies,  the  results  were 
indecisive  and  the  Council  has  not  yet  been  used 
to  its  statutorv  potential. 

A  permanent  advisory  group  could  provide 
early  warning  of  problems  so  that  public  officials 
and  private  citizens  woukl  have  time  to  pre{»re 
contingency  plans.  As  demonstrated  by  the  pre  i- 
dential  commi?5k>ns,  research  and  analysis  of 
kmg-tenn  impacts  can  have  a  signifk:ant  educa- 
tional  influence,  even  if  no  actions  are  taken 
immediately  as  a  result  of  recommendatk>ns.  Tru- 
man's Materials  PoUcy  Commissk>n  and  the  1961- 
62  Natkmal  Academy  of  Sciences  Committee  on 
Natural  Resources  brought  laige  numbers  of  sci- 
entists  and  other  experts  together  to  work  on 
future  problems  and  thus  formed  a  cadre  of 
indivkitials  who  continued  to  enlighten  others. 
The  study  groups  also  helped  to  coordinate  re- 
search efforts  among  goverrunent,  universities, 
and  industry.  An  unmeasurabie  educatk>nal  factor 
was  present  in  the  activity  ot  the  Commissk)n  on 
Population  Growth  and  the  American  Future 
(lS7(V-72)  thrcnigh  Commission-sponsored  semi- 
nars with  experts,  public  hearings,  a  film,  and 
tHt>dhures.  The  research  woric  directed  by  the 
Coimnission  also  resulted  in  extensive  new  knowl- 
edge and  its  disseminatk>n  throu^  publicatk>n  of 
its  research  papers.  The  same  has  been  true  of  all 


the  other  commissions  and  groups  dealing  with  fu- 
ture problems. 

Involvement  of  the  private  sector  in  the  activi- 
ties of  a  permanent  future-oriented  high-level 
advisory  group  would  serve  both  to  educate 
citizens  and  buiki  a  constituency  for  carrying  out 
reconunendatkms.  This  was  demonstrated  by  the 
1958  Outdoor  Recreatk)n  Resources  Review  Com- 
missKMi  when  it  fomned  an  advisory  council  that 
included  25  citizen  leaders  representing  varied 
citizen  organizations.  The  Commissk)n  hekl  joint 
meetings  and  field  trips  with  the  advisory  council, 
and  CommisskHi  recommendatkms  were  submit- 
ted in  draft  form  to  the  advisory  council  for 
conskleratk^n.  A  Citizens  Committee  that  was 
formed  after  completion  of  the  Commisskm  report 
helped  obtain  support  for  implementing  the  rec- 
ommendatkms. life  seminars  and  public  hearings 
held  by  the  1970  Commission  on  Population 
Growth  and  the  American  Future  served  an 
educational  purpose.  And  the  Commissk>n*s  Cit^ 
zens  Committee,  Vt  ach  promoted  a  film  and  an 
education  program  on  the  Commissk)n's  work, 
provkled  new  avenues  Tor  disseminatkm  of  the 
findings.  Public  participation  in  the  1976  National 
Growth  and  Development  report  through  seminars 
in  San  Francisco,  Kansas  City,  and  Washington, 
provkled  advisory  assistance  to  the  HUD  team 
preparing  the  report.  A  draf>  of  the  report  was 
circulated  for  review  and  comment  to  35  public 
groups  and  Congress.  These  activities  proved 
helpftiljo  a  report  whkh  prevk)usly  had  inputs 
only  from  a  few  people  in  the  White  House 
Domestic  Council  and  the  Department  of  Housing 
and  Urban  Development. 

The  Matter  of  Thnfaig 

A  permanent  institution  would  have  much  more 
fi'eedom  in  choosing  the  moment  to  present  new 
ideas,  and  thus  avoid  the  timing  and  politics- 
related  problems  that  have  often  hindered  activi- 
ties of  temporary  presidential  commissk)ns.  The 
interest  of  a  Presklent  or  Congress  or  the  public 
proved  to  be  much  greater  at  the  time  a  study  is 
started  than  when  it  is  completed.  The  Materials 
Policy  Commission  was  appointed  by  President 
Truman  in  January  1951,  when  military  involve- 
ment in  Korea  had  reintroduced  fears  of  shortages 
that  were  still  fresh  in  tlie  minds  of  administrators 
and  the  public  following  Worid  War  II.  But  when 
the  Commission's  report  went  to  the  President  in 
June  1952,  che  scarcity  issue  had  lost  its  priority 
and  public  concern.  When  President  Nixon  sent  a 
Message  to  Congress  in  l%9  askiiig  for  creation 
of  a  commission  to  study  population  growth,  the 
subject  was  politically  attractive  inasmuch  as 
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people^ were  concerned  about  rising  birthrates. 
But  by  the  time  the  Population  Commission's 
report  was  submitted  statistics  showed  that  the 
birthrate  in  the  nation  had  already  declined  to  a 
stability  rate— t^vo  children  per  family— and  the 
subject  had  less  fwlitical  importance.  Another 
unfavorable  timing  factor  was  that  the  report  was 
sent  to  the  President  at  the  start  of  his  1972  re- 
election campaign;  some  of  the  Commission  \ 
recommendations  raised  contioversy,  causing  the 
President  to  repudiate  the  Commission's  work. 
On  the  other  hand,  the  release  of  the  report  of  the 
Outdoor  Recreation  Resources  Review  Commis- 
sion came  at  a  time  when  the  popularity  of 
outdoor  recreation  was  booming,  and  Congress 
welcomed  help  in  devising  solutions  to  the  prob- 
lems connected  with  the  growing  recreation  use  of 
public  lands,  national  parks,  and  national  forests. 


Another  problem  of  timing  was  the  frequent  long 
delays  between  the  request  for  a  commission  and 
its  creation,  or  between  the  time  tlie  law  was 
passed  and  the  President  appointed  the  public 
members.  Sometimes  the  period  allowed  for  a 
study  was  too  short,  as  with  the  preparation  of 
^Tov^ard  a  Social  Report.'*  That  study  also  ran 
into  a  frequent  timing  problem:  having  been 
started  by  one  President,  the  study  is  then  submit- 
ted either  at  the  end  of  his  term  or  to  his 
successor. 

For  all  of  these  reasons,  many  observers  have 
urged  the  establishment  by  law  of  a  permanent 
group  in  the  Executive  OflBce  of  the  President  to 
mstitutionalize  the  coordination  of  long-term 
global  and  holistic  considerations  of  population, 
resources,  environment,  and  their  related  issues. 
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Advisory  Views:  A  Critique  of  the  Study 


The  ageiKy  experts  who  prepared  the  Global 
2000  Study  projections  we're  assisted  by  the  coun- 
sel pf  two  groups  of  advisers.  These  advisers, 
whose  names  and  affiliations  are  given  ;n  the 
Preface  to  this  volume,  provided  the  agency 
experts  with  counsel,  insights/and  criticisms  frokn 
the  perspectives  of  corporations,  foundations,  na- 
tional and  international  governmental  organiza- 
tions, and  the  academic  community. 

The  first  group  consisted  of  over  one  hundred 
informal  advisers  who  received  early  drafts  of 
sections  of  the  Study  related  to  their  areas  of 
expertise.  Throughout  the  course  of  the  Study, 
they  provided  a  flow  of  marginal  comments, 
correspondence,  supporting  materials,  and  direct 
discussions,  which  jj^eatly  enhanced  the  final 
quality  of  the  Study/^ 

The  second  group  co'^sisted  of  seven  experts 
with  unique  experience  in  analyzing— on  a  coher- 
ent, interrelated  basis — long-term  global  trends 
involving  population,  resources,  and  *he  environ- 
ment. These  **outside''  experts  (so  called  to 
distinguish  them  from  the  agency  experts  prepar- 
ing the  projections)  participated  in  extended  dis- 
cifssions  with  the  a^ncy  experts  on  two  occa- 
sions during  the  course  of  the  Study.  The  first 
occurred  immediately  after  the  first  drafts  of  the 
projections  were  developed.  This  meeting  of  the 
two  groups  of  experts  lasted  two  days  arid  led  to 
several  key  revisions  in  the  initial  drafts.  The 
second  meeting  took  place  after  the  final  projec- 
tk)ns  had  been  developed.  It  lasted  one  day  and 
provided  .many  additional  interpretative  insights 

The  wisdom  and  expertise  ihat  rhcse  t%vo 
groups  shared  with  the  Global  2000  Study  has 
influenced  the  Sludy  in  innumeraHe  wa  . 
haps  the  .single  most  dramatic  iitstoice  of  thi / 
influence  was  the  collects  e  decision  of  the  agency 
and  outside  experts,  durir^  their  first  meeting,  ^o 
include  the  assumption  that  real  petroleum  prices 
will  rise  5  percent  annually  from  1980  to  20Cib  as  a 
basic  component  of  the  Study^s  most  likely  pro- 
jections, wherever  feasible.  Previously,  a"  of  the 


Study*s  projections  had  been  based  on  .the  as- 
sumption that  real  petroleum  prices  would  be 
constant  throughout  the  1975-2000/eriod. 

Although  many  of  the  insights^d  vritk:isms  of 
these  two  groups  have  been  previously  taken  into 
account  throughout  this  report,  numerous  insights 
'and  criticisms  which  they  provided  could  not  be 
taken  into  account  oecause  of  the  particular  focus 
of  the  Study,  because  of  time  and  resource 
constit&ints,  and  because  of  basic  limitation^  in  the 
current  ability  of  the  government  to  develop  lor^- 
term  global  projections  A  summary  of  a  repre- 
sentative selection  of  these  comments  is  presented 
in  this  appendix  in  the  hope  that  it  will  provide 
dditiona!  perspectives  on  ways  of  improving  the 
^  >vemment*s  foundation  foi  longer-term  planning. 

The  somewhat  diffuse  summary  that  follows 
consolidates  the  views  of  many  individual  advis- 
ers. It  does  not  necessarily  represent  a  consistent 
sdt  of  positions  supported  by  any  single  person  or 
organization  associated  with  the  Global  2000 
Study.  In  fact,  many  advisers  of  both  groups  as 
well  ,as  other  participants  in  the  Study  would 
probacy  disagiee  with  many  of  these  criticisms. 

Characteristics  of  the  Recent  Past 

Many  advisers  were  concerned  that  the  Study*s 
projections  v*ere  based  to  a  large  extent  on  the 
extrapolation  of  trends  and  relationships  charac- 
tenstic  of  the  past  two  or  three  decades  only. 
They  asserted  that  data  pertainir^  to  the  past  two 
or  three  decades  is  often  misleading  and  that  quite 
different  trends  or  relationships  can  be  perceived 
when  a  longer  past  period  is  taken  into  considera- 
tion. 

With  respect  to  weather,  for  example,  they 
pointed  out  that  the  three  decades  preceding  1970 
were  unique  in  recorded  history  in  three  respects: 
(1)  Tliere  were  no  major  global  geophysical  pertur- 
bations; (2)  on  balance,  crop-growing  weather 
worldwide  was  •••  it  only  remarkably  clos^  to 
optimal  conditions,  but  was  also  remarkably  non- 
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variable;  and  (3)  at  no  time  was  there  a  global,  as 
opposed  to  local,  depression  of  crop  production 
tiaceable  to  a  global  perturt:»ti  .ii. 

Most  advisers  felt  that  the  Global  2000  Study 
should  have  used  a  much  longer  past  period  of 
weather  history  as  its  basis  for  projecting  the 
potential  impacts  of  weather  variability  over  the 
next  22  years.  Many  felt  that  the  use  of  a  shorter, 
anomalous  period  has  given  the  Study's  projec- 
tions an  unduly  optimistic  bias--for  instance,  with 
regard  to  the  likely  impact  of  weather  on  future 
crop  yields.  They  speculated  that  other  anomalies 
of  the  past  two  to  three  decades  involving  varia- 
bles other  than  weather  may  also  have  distorted 
the  projections. 

Many  advisers  were  concerned  also  tl^t  the 
'Study  tended  to  project  only  those  characteristics 
of  the  recent  past  for  which  **hard"  quantitative 
data  were  readily  available.  For  example,  they 
noted  that  the  GNP  projections  ignored  the  major 
segments  of  LDC  economies  that  were  not  cash 
economies,  that  the  energy  projections  ignored 
firewood  consumption  (a  major  fuel  in  the  LDCs), 
and  that  the  food,  eneiigy,  and  mineral  projections 
ignored  water  consumption.  They  felt,  in  addition, 
that  the  available  hard  data  was  often  used  in 
ways  that  implied  that  it  was  of  higher  quality 
than  wasln  fact  the  case.* 

These  advisers  asserted  that,  in  general,  a  more 
extensive  attempt  should  have  been  made— on  a 
best-effort  1)asis— to  project  those  characteristics 
of  the  recent  past  for  which  harxl  data  were  not 
readily  available.  Specifically,  they  felt  that  the 
Study  should  have  first  attempted  to  identify 
important  issues  related  to  population,  resources, 
and  the  environment,  and  only  thereafter  should, 
,  have  proceeded  to  (I)  ide/itify  the  trends  that  mC ^ 
be  projected  in  order  to  analyze  those  issues  oir^ 
balanced  basis,  and  (2)  develop  projections  of 
those  trends  in  the  best  way  possible  under  the 
constraints  of  the  Study,  with  explicit  notes  in- 
cluded regarding  ranges  of  potential  error. 

Beyond  the  Year  2000 

Many  advisers  were  concerned  that,  m  general, 
the  Study's  projections  do  not  extend  beyond  the 
year  200O.  They  asserted  that  some  of  the  most 


•One  adviser  felt  that  the  population  projections  were 
particuUrly  unbalanced.  He  observed  that,  on  the  one  hand, 
inappropriately  elaborate  computational  procedures  were 
applied  to  what  are  e«sen/ally  very  rough  estimates  of 
future  fertiBty.  mortality  aijd  migration  (taken  to  be  zero) 
rates,  while,  on  the  other  ^nd.  ifo  explicit  relationships 
were  used  to  relate  social,  economic,  and  cultural  (as 
opposed  ip  'demographic  •)  factors  into  the  projection  of 
fertility,  inprtality  and  migration  rates. 


important  trends  over  the  l97iU2000  period  ,are 
not  likely  to  be  adequately  identified,  described, 
or  interpreted  unless  longer-term  future  perspec- 
tive is  taken  into  account. 

One  adviser  provided  the  following  examples  of 
events  in  the  past  that  might  have  been  more 
favorably  influenced  if  their  longer-term  implica- 
tions had  been  better  understood  at  the  ume  of 
their  incidence: 

•  The  dysfunctional  use  of  new  chemical  agents  pro- 
duced from  the  bonding  of  halogens  and  hydrocar- 
bons (e.g..  DDT  and  PCBs). 

•The  low  nonmarket  pricing  of  natural  gaj<>  and 
underpricing  of  oil  that  caused  many  industrial 
processes  to  be  unsuitably  fueled  and  many  power- 
plants  to  be  converted  from  coal  to  these  fuels  in 
recent  decades. 

•  The  failure  to  balance  the  benefits  of  subsidizing 
family  farms  at  modest  levels  against  the  socioeco- 
nomic costs  of  driving  the  run;!  poor  into  city  slums 
and  endless  welfare  problems. 

Another  adviser,  looking  to  the  longer-term 
future,  suggested  that  the  uncritical  development 
of  energy  resources  (which "she  perceives  to  be 
taking  place  today)  might  have  similarly  dysfunc- 
tional consequences  in  the  future — consequences 
might  be  avoided  or  ameliorated  if  they  were 
properly  perceived  and  responded  to  today.  In  her 
view,  the  greatest  problem  is  not,  as  most  think, 
how  to  obtain  what  we  need,  but  that  we  will  use 
too  much  of  it.  Most  energy  projections  for 
developed  countries  are  far  too  high — but  not 
because  we  might  net  actually  use  that  much  if  it 
available.  The  danger  is  that  we  would— 
i^ith  .disastrous  results  for  the  ecosphere  amd, 
inevitably,  for  ourselves.  Such  rapidly  rising  en- 
ergy use  would  also  put  enomious  pressure  on 
other  resources.  ^ 

Still  other  advisers,  also  looking  to  the  longer- 
tenm  future,  suggested  that  the  most  important 
changes  currently  taking  place— changes  that  are 
likely  to  produce  major  unforeseen  dysfunctional 
consequences  if  they  are  not  properly  perceived 
and  responded  to — are  socioeconomk:  and  cultural 
rather  than  biophysical.  The  pervasive  fragmenta- 
tion they  perceive  to  be  taking  place  in  Western 
industrialized  society  has  been  particularly  well 
outlined,  according  to  one  observer,  by  Bertram 
Gross: 

From  the  broader  point  of  view,  (there  are]  many 
forms  of  fragmentation  in  the  emerging  service  society: 
— m  technology,  the  fragmentation  of  knowledge, 
—in  macrosystems,  the  fragmentation  of  responsibility 

and  acwountahility, 
—in  extended  professionalism,  the  fragmentation  of 

social  role,  skills,  and  culture. 
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—in  extended  urbantsm.  ihe  fragmentation  of  commu- 
nity life. 

To  this,  [must  be  added]  the  fragmentation  of  the 
family  and  the  individual. 

Some  even  suggested  that  this  fragmentation 
ought  to  be  examined  iiT  the  context  of  th^ 
DecltiieH)f-the-West  perspective  adopted  by  some 
scholars  and  statesmen.  One  adviser  quoted 
Andre  Malraux: 

We  are  living  at  the  end  of  a  quite  unprecedented 
era.  the  end  of  the  1450-1950  cycle,  which  was  a 
model  of  complete  civilization.  1450  marked  the  begin- 
ning of  the  great  discoveries,  and  the  conquest  of  the 
world  by  the  Europeans.  Within  two  or  three  years  of 
1930,  we  had  Mao  in  Peking  and  Nehru's  speech--in 
other  words  the  liberation  of  China  and  India. 

We  arc  more  or  less  aware  thai  we  live  in  a  world 
that  is  dying,  and  we  find  it  very  difficult  to  imagine 
another  one.  There  was  also,  1  suppose,  the  end  of 
Rome,  but  by  the  time  people  became  aware  of  the 
fact  it  was  already  well  and  truly  dead.  We,  on  the 
other  hand,  are  actually  living  out  the  process.* 

Another  adviser  commented  that  projecting 
trends  only  to  the  year  2000  reminded  him  of  the 
story  about  the  man  failing  from  a  very  tall 
buOdiiv  who,  when  asked  how  he  was  doing  as  * 
he  passed  the  10th  floor,  responded,  'Things  are 
great  so  farr*  Many  severe  supply  coa^^traints,  . 
increases  in  demand,  and  socioeconomic  and 
ecdogici.  changes  may  well  occur  shortly  after 
2000— and  be  completely  overlooked  by  the 
Study's  projections  because  the  projection?  do  not 
extend  beyond  200O.  Other  severe  charges  that 
do  occMr  prior  to  2000  may  also  be  disregarded  ^ 
because,  in  the  absence  of  a  post-2000  perspec- 
tive, they  may  not  be  perceived  or  their  signifi- 
cance may  not  be  understood. 

Absence  of  Shocks  ^ 

>  Mapy  advisers  were  concerned  that  the  focus 
.of  the  Global  2000  Study  on  projecting  foreseeable 
trends  necessarily  excluded  projecting  shocks 
whose  incidence*  severity*  and  specific  impacts 
could  only  be  arbitrarily  specified.  They  asserted 
that  assuming  a  complete  absence  of  such  shocks 
was  unrealistic  and  produced  an  overly  optimisUc 
assessment  of  the  future. 

One  adviser  provided  the  following  iaxonomy 
to  suggest  the  range  of  potential  ''surprises  '  that 
had  been  excluded  from  the  Study  s  projections: 


*  Bertram  M.  Gross.  "Planning  in  an  Era  of  Soctaf  Revolu- 
lion".  FuMiv  Admmn^tration  Review,  May/June  1971.  p. 
281. 

•**Intcrview  with  Andre  Malraux".  The  Guardian.  Apr.  13. 
1974.  p.  U. 


Natural  Surprises 

I.  Disasters 

1.  Weather 

a.  Large  scale  crop  or  livestock  destruc- 
tion (e.g.,  due  to  frost,  drought,  flood, 
or  snow) 

b.  Societal  disruption  (e.g.,  due  to  floods 
or  blizzards) 

2.  Earthquake 

3.  Disease 

a.  Crop  Of  livestock  epidemic  (e.g.,  com 
bli^t) 

b.  Severe  flu  or  other  human  diseases 
on  the  same  scale  (e.g.,  Lq^onnaire*s 
disease  and  similar  epidemics) 

II.  Other  " 

1,  Resources — unexpected  discoveries  (e.g., 
huge -petrochemical  resources  on  continen- 
tal margins  or  in  marine  basins) 

2.  Food — extraordinary  growing*  seasons  re- 
«^  suiting  in  food  surpluses^ 

TECHNOLdGlCAL  SURPRISES 

1.  Distj|bution»failures 

1.  York  City-type  blackout— longer  or 
wider  area 

2.  Water  system  failure  (eig.,  Trenton  in 
1976) 

3.  C%  €r  oil  pipeline  failure 

4.  Toxic  leak— <e.g.,  chlorine  or  ammonia  in 
a  population  center) 

5.  Nuclear  mish^s — generation,  transport,  or 
waste 

6.  Prolonged  temperature  inversion  causing 
serious  air  pollution  iiKidents 

II.  Design  or  concept  failures 

1.  CherQicals  appearing  in  unpredicted  places 
(e.g.,  PCBs) 

2.  Chemicals  >yith  long  lasting  and^or  highly 
'^oxic,  degradation  products 

3.  Bridge,  building,  or  dam  fkijure 
III.  Advances 

I .  Solution  to  Clean  fusion 
'2.  Water  recycling  technology  or  acceptance 
breakthiougli 

3.  Tide  6r  ocean  thermal  power  breakthrough 

4.  Cancer  or  heart  disease  cure  ■ 

5.  Development  of  self  fertilizing  crops 

Social  Surprises 
I.  Overthrow  of  government 
II.  Widespread  social  disorder 
III.  Collapse  of  a  social  system 

In  many  cases,  the  Study*s  advisers  believed 
the  uansient  effects  of  such  shocks  would  be  far 
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more  severe  than  their  long-term  impacts.  For 
example,  many  fdt  that  the  shock  of  the  1973 
quadrupling  of  the  international  price  of  oil  was 
far  more  damaging  to  most  countries  than  the 
anticipated  long-term  impact  of  the  price  rise  was 
likely  to  be. 

Many  advisers  also  believed  that  the  projected 
emergence  of  incjjeasing  international  and  national 
economic  interdqpendencies  and  other  trends 
(e.g.,  increasing^agi^'ultural  reliance  on  monocul- 
ture production)  is  likely  to  increase  the  severity 
of  such  shocks  when  they  do  occur.  For  example, 
even  simple  variations  in  weather  patterns  similar 
to  those  experienced  in  the  past  may  create 
impacts  disregarded  in  the  Study.  According  to 
one  adviser:  ♦ 

The  U.S.  economy  is  increasingly  moving  in  ihe 
direction  of  very  light  coupling  between  importing  fuel 
and  paying  for  fuel  imports  by  exporting  crops.  Amer- 
ica  s  ability  to  purchase  fuel  will  thus  be  increasmgly 
influenced  by  its  crop-growing  weather  (which  will 
affect  U.S.  production)  and  crop-growing  weather  in 
the  countnes  that  import  most  of  America's  exported 
crops  (which  will  affect  foreign  demand  for  U.S. 
crops).  As  a  result,  the  American  energy  supply  and 
demand  situation  will  be  increasingly  sensitive  to  a 
variety  of  types  of  weather  perturbation,  which  collec- 
tively have  a  probability  close  to  one  of  occurring  at 
22-year  intervals  Other,  less  expected  perturbations 
(e.g.,  flights,  the  discovery  of  unacceptable  side  ef- 
fects associated  with  fertilizer,  herbicide,  or  pesticide 
use,  the  politicization  of  international  food  production 
or  distribution,  climatic  change,  or  civil  or  interna- 
tional disruption)  couki  have  far  more  severe  impacts. 

Many  advisers  also  believed  that  many  current 
U.S.  policy  alternatives  would  be  likely  to  have 
different  potential  impacts  in  increasing  or  de- 
creasing America  s  future  vulnerability  to  such 
shocks.  One  adviser  thought  that  this  was  partic- 
ularly true  with  regard  to  choosing  to  emphasize 
nuclear  or  alternative  cfnergy  sources: 

Once  the  choice  has  been  made — especially  if  the 
choice  is  to  put  all  our  eggs  in  one  nuclear  basket — 
future  options  may  be  foreclosed.  If  the  first  choice 
proves  disastrous,  it  may  not  t>e  possible  to  abandon  it 
and  start  over  because  of  resource  contraints,  includ- 
ing energy.  In  contrast,  many  advantages  would  accrue 
to  a  strategy  biased  on  a  diverse  decentralized  mix  of 
energy  sources  designed  to  minimize  waste  and  match 
source  to  end  use.  Among  the  advantages  would  be 
efficiency  In  the  use  of  energy  (reducing  environmental 
impacts),  probnfbly  a  lower  overall  pressure  on  re- 
sources per  unit  of  energy  (because  a  wider  variety 
wouW  be  needed  for  various  types  t>f  development  and 
because  of  efficiency),  and  flexibility  in  the  energy 
economy.  If  me  mcxJe  proves  unsatisfactory,  its  loss 
could  be  made  up  from  several  others  without  disrupt- 
ing the  entire  system  Which  direction  is  chosen  will 


have  profound  effects  on  the  kinds  and  amounts  of 
environmental  impact  from  energy  use  and  mobiliza- 
tion, on  economic  systems,  on  politics  (local  to  inter- 
national), and  on  social  values  such  as  personal  liberty. 

Many  advisers  were  concerned  that  the  Global 
2000  Study,  by  ignoring  potential  shocks,  might 
encourage  policymakers  to  disregard  impacts  on 
system  resilience — i.e.,  a  system's  ability  to  with- 
stand different  types  of  potential  future  shocks-- 
in  evaluating  alternative  policy  options,  when  in 
fact  this  should  be  an  important  evaluative  crite- 
rion. They  were  also  concerned^  that  the  Study 
tended  to  disregard  the  differential  impact  of 
shocks  (and  more  gradual  change)  on  smaller 
groups,  disaggregated  by  region,  income,  race, 
religion,  and  other  factors, 

Pbtential  Discontinuities 

To  a  large  extent,  the  Global  2000  Study's 
projections  were  based  on  extrapolations  of  past 
trends  and  relationships,  although  minor  adjust- 
ments to  such  trends  were  incorporated  in  many 
cases.  This  was  an  area  9f  concern  to  many 
advisers  who  considered  that  the  future  is  likely 
to  be  fundamentally  discontinuous  with  the  past 
in  significant  ways. 

■They  pointed  out,  for  example,  that  real  eneiigy 
prices  have  been  declining  for  most  of  the  past 
century,  encouraging  the  use  of  enei^gy-intensive 
products  (e«g.,  aluminum,  automobiles,  high-yield 
varieties  of  grain),  and  in  general  facilitating  the 
substitution  of  capital  for  labor.  Real  food  and 
mineral  prices  have  also  generally  been  declining. 
They  felt  that  the  reversal  of  these  basic  trends 
indicated  in  the  Study's  projections,  was  likely  to 
severely  alter  domestic  and  international  socioec 
onomic  systems  so  that  in  the  future  they  would 
behave  in  ways  not  at  all  characteristic  of  the 
past. 

Many  advisers  insisted  that  this  is  not  only 
possible  but  probable,  in  view  of  what  they 
perceive  to  be  ihe  following  general  trends: 

•  Approaching  exhaustion  of  the  world's  inexpensive 
fluid  fuel  reserves. 

•  Approaching  limits  to  the  environmental  absorptive 
capacity  and  agricultural  productive  capacity  of  the 
planet — which  may  bt  prevented  only  by  massive 
capital  investment  (which  is  either  not  likely  to  be 
made  or  which  is  likely  to  be  characterized  by 
increasingly  high  marginal  costs), 

•  Shifts  in  mtemational  strategic  goals  from  ensuring 
access  to  markets  to  ensuring  access  to  raw  mate- 
rials. 

•  Shifts  in  power  from  countries  with  large  industnal 
resources  to  countnes  with  large  raw  material  re- 
sources. 


ERLC 


SO!) 


ADVISORY  VIEWS 


717 


•  Shifts  in  economic  goals  from  stimulated  supply  and 
demand  to  stimulatad  conservation. 

•  Shifts  in  social  goals  from  growth  to  equity. 

Sonne  advisers  were  particularly  concerned  that 
the  following  specific  political  factors  (and  policy 
changes  which  might  be  associated  with  them) 
were  not  taken  into  account  in  most  of  the  Study*s 
projections: 

•  Negotiations  over  a  new  international  economic 
order,  which  may  affect  the  availability  and  price  of 
many  raw  materials  « 

•  Other  North-South  disputes  (e.g.,  those  involved  in 
the  Law  of  the  Sea  negotiations),  which  may  make 
international  environmental  cooperation  increasingly 
difficult. 

•  The  new  shift  in  development  models  toward  meet- 
ing basic  human  needs,  which  may  lead  to  new 
pressures  on  available  resources. 

•  Increasing  poverty  in  the  poorest  LDCs.  which  may 
lead  to  significant  political  unrest. 

They  felt  that  the  Study  should  have  explicitly 
taken  such  factors  into  account  by  making  major 
^  rather  than  minor  adjustments  to  variables  involv- 
ing the  supply  and  demand  for  resources,  and  by 
nfiaking  major  adjustments  to  all  models  to  reflect 
projected  severe  environmental  impacts. 

Absence  of  Normative  Analysis 

All  of  the  Study's  projections  assumed,  in 
general,  a  continuation  of  past  policies  or  pa^ 
policy  trends  (in  part  because  policy  changes  are 
diffkult  to  project  and  in  part  because  debate 
regarding  projected  policy  changes  can  attract 
attention  away  from  underlying  problems).  Never- 
theless, many  of  the  Study^s  advisers  noted  that 
policies  are  likely  to  change  in  response  to  chang- 
ing circumstances,  and  that  not  taking  such 
change  into  account  produces  trend  projections 
that  are  likely  to  be  severely  biased. 

They  pointed  out,  moreover,  that  people  often 
look  ahead  and  change  their  current  behavior  in 
order  to  achieve  their  future  goals.  Just  •as  people 
often  change  their  current  goals  to  take  into 
account  anticipated  future  circumstances.  Thus, 
they  felt,  it  may  be  seriously  misleading  to  project 
the  future,  as  the  Study  has  done,  without  taking 
into  consideration  that  behavior  and  goals  can 
change  well  in  advance  of  changing  circumstan- 
ces. 

By  not  explicitly  projecting  potential  changes  in 
goals  and  goal-seeking  behavioc,  the  Study  missed 
an  important  opportunity  to  identify  a  broad  set  of 
alternative  future  scenarios^'V  Wch  might  well  be 
significantly  different  from  those  identifiable  by 
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merely  projecting  past  trends  and  relationships. 
According  to  some  advisers,  many  of  these  scen- 
arios might  appear  to  be  more  desirable  than  those 
likely  to  be  attained  through  incremental  decision- 
making practices,  which  they  believed  would  be 
implicitly  encouraged  by  the  Study's  lack  of 
normative  analysis.  In  their  view,  the  Study 
neither  (I)  presents  an  array  of  goals  to  strive  for 
(while  demonstrating  the  feasibility  of  attaining 
these  goals),  nor  (2)  indicates  which  present  policy 
decisions  are  the  most  critical  in  defining  the 
future.  They  viewed  these  as  the  two  most 
important  objectives  of  future-orient  d  research 
and  considered  the  Study  seriously  deficient  for 
disregarding  them. 

Some  advisers  argued  that  the  absence  of 
normative  analysis  from  the  Study  has  probably 
led  to  irrelevance  and  bias.  One  adviser  submitted 
the  following  quote  to  support  his  points: 

A  few  decades  ago  the  view  prevailed  that  demo- 
graphic "stagnation  "  was  bad:  yet  today  many  people 
favor  a  stable,  or  nearly  staffle  population.  Economic 
stagnation,  on  the  other  hand,  is  still  felt  to  be  bad. 
Perhaps  in  the  year  2000.  more  of  us  will  favor  John 
Stuart  Mill's  '  stationary  state.  *  not  only  in  the 
demographic  sphere  but  also  in  much  of  tfie  economic 
sphere  (though  not  in  culture).  If  this  happens",  eco- 
nomic growth  will  be  smaller  than  we  now  project  on 
the  basis  of  the  current  trade-off  between  more  goods 
and  more  Jeisure.  By  the  same  token,  people  mWcare 
less  about  economic  growtR.  Thus,  our  predictions 
regarding  economic  £;rowth  will  not  only  be  rather 
inaccurate,  but  they  will  describe  what,  by  the  year 
2000.  will  be  quite  an  uninteresting  feature.* 

As  a  result  of  these  and  other  considerations, 
many  advisers  regretted  that  the  Study  did  not 
incorporate  normative  analyses  of  the  following 
types  of  issues: 

Political  issues^t.g. .  whether  the  Western  in- 
dustrialized nations  are  likely  to  encourage  or 
even  permit  faster  growth  of  energy  use  in  the 
LDCs  while  curbing  their  own  growth  (or.  more 
generally,  whether  resource  competition  wfjl  lead 
to  international  conflict). 

Ethical  issues— e.g.,  whether  investment  in  pol- 
lution control  in  the  U.S.  (assuming  minor  health 
benefits)  is  ethically  acceptable,  given  the  much 
higher  returns  in  health  that  the  same  investment 
might  produce  in  the  LDCs. 

Budgetary  issues — e.g..  whether  current  U.S. 
budgetary  decisions  affecting*  for  example,  de- 
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fense ,  energy ,  food ,  and  welfare  programs  conflict 
with  U.S.  long-term  international  goals  regarding 
population,  resources,  and  the  environment. 

Many  advisers  emphasized,  in  particular,  their 
feeling  that  problems  related  to  the  unequal  distri- 
bution of  population  and  resources  are  likely  to  be 
more  significant  in  the  future  than  problems 
related,  for  example,  to  potential  physical  limits 
to  growth.  But  because  of  the  absence  in  the 
Study  of  normative  analyses  of  political,  ethical, 
budgetary,  and  other  issues,  ihey  felt  that  an 
adequate  foundation  had  not  been  established,  in 
thp  contexi  of  the  Study,  for  commenting  exten- 
sively on  these  distributional  problems. 

Marry^  atsoregrened^  tharfhrSludy  Vfdcus  fas 
well  as  time  and  resource  contraints)  did  not 
permit  more  penetrating  economic  analysis— es- 
•  pecially  one  taking  potential  normative  change 
into  consideration.  One  adviser  noted,  in  particu- 
lar, that 

the  assumptions  of  formal  economics  are  not  inexora- 
ble laws  of  nature,  hke  the  laws  of  thermodynamics 
Their  t.~uths  are,  in  part,  fiction — that  is  to  say,  made 
truths.  They  are  true  as  K>ng  as  people  believe  in  and 
act  in  accordance  with  them;  their  validity  is  a  function 
of  their  acceptance.  As  values  change,  some  of  the 
assumptions  of  formal  economics  and  the  behavior  of 
economic  systems  are  also  likely  to  change  m  ways 
that  might  b©  anticipated  or  even  guided. 

Many  advisers  .were  concerned  that  the  Study, 
by  not  incorporating  normative  analysis,  might 
encouiage  policymakers  to  debate  issues  only  at 
the  instrumental  level  (i.e.,  how  best  to  accom- 
plish well-understood  and  widely  accepted  goals) 
without  evaluating  alternative  goals  or  even  as- 
sessing whether,  in  many  cases,  presumed  existing 
goals  are  in  fact  well  undei  stood  or  widely  ac- 
cepted. 

Hidden  Premises 

All  the  Study  s  projections  were  developed 
making  use  of  available  data  and  were  structured 
and  manipulated* according  to  existing  theory,  as 
represented  in  the  methodological  tools  used  by 
the  various  agencies.  This  was  an  object  of 
concern  to  several  advisers.  They  asserted  that 
various  hidden  piemises,  missing  variables,  and 
inadequate  data  and  methodologies  inherent  in 
this  approach  may  have  creatoHarojections  that 
disseminate  misconception  anU  erro>\  rather  than 
knowledge. 


One  adviser  commented  that,  for  example, 
many  of  the  Study's  projections  are  in  effect 
tautologies— premises  masquerading  as  conclu- 
sions. He  felt  that,  in  many  cases,  the  projections 
merely  provide  a  framework  for  making  prejudices 
coi:isistent.  In  his  view: 

Many  of  the  projection  tools  that  will  be  used  to  make 
the  resource  and  food  projections  require  GNP  projec- 
tions as^  inputs.  But  how  can  we  predict  GNP'^ 
Economic  models  can  do  so  only  by  assuming  some 
appropriate  algorithm  and  investing  future  habits  with 
current  mores.  Moreover,  such  models  almost  cer- 
tainly  require  such  inputs  as  the  capital  ;ind  energy 
requirements  for  resource  exploitation  and  population 
growth.  But  where  are  those  data  to  be  found,  or 
elucidated?  Thus,  the  Study's  projections  must  remain 
"essemiatty  pious  tlopes  in  wh'ch  '*h1gh**  economic 
growth  may  be  attractive  to  a  politician,  but  unattrac- 
tive to  an  environmentalist. 

Some  advisers  observed  that  in  many  cases  even 
this  limited  form  of  consistency  was  not  achieved 
within  a  givf  n  set  of  projections.  To  paraphrase  » 
one  of  their  criticisms  with  regard  to  the  energy 
projections: 

In  one  instance  the  assertion  is  made  that  the  past 
wide  availability  and  low  price  of  petroleum  have 
allowed  Americans ^nd  consumer*^  to  substitute  energy 
for  labor  and  other  Inputs  on  an  unprecedented  scale. 
Such  an  assertion  is  m  accord  with  a  conceptual  model 
that  assumes  that  lo\\  energy  pric<es  (relative  to  the 
cost  of  labor)  stimulate  an  energy -for- labor  substitu- 
tion, which,  by  implication,  would  tend  to  increase 
unemployment,  increase  rates  of  resource  depletion, 
pollution,  and  crime,  increase  government  expendi- 
tures, decrease  capita'  availability  for  other  purj^ses,  ' 
and  decrease  the  rate  of  economic  growth.  In  fact, 
every  step  of  that  causal  pathway  can  be  documented 
in  longitudinal  and  cross^sectional  analyses  of  all 
available  data. 

In  contrast,  in  another  instance,  the  assertion  is 
made  thai  apart  from  the  very  real  possibility  of  a 
supply  disruptR)n  for  pi»litical  or  other  reasons,  the 
major  problem  faced  by  the  United  States  and  other 
energy  consuming  countries  is  the  threat  of  large 
increases  in  real  energy  prices  and  the  associated 
reduction  in  economic  growth  and  aggravation  of 
unemployment  and  inflation  In  fact,  the  causal  path- 
way postulated  here  is  the  opposite  to  that  postulated 
previously,  and  there  is  no  support  for  it  in  longitudinal 
or  cross-sectional  analysis  of  national  or  international 
data. 

This  logical  inconsistency  raises  important  misgiv- 
ings regarding  the  usefulness  of  the  energy  projections 
The  establishment  of  a  realistic.  c\>nsi stent  conceptual 
model  of  the,  relatK)nship  between  energy  prices  and 
other  economic  variables  is  t»n  absolute  prerequisite  to 
making  any  kind  of  credible  projection  of  energy 
supply  or  energy  demand 
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Mahy  advisers  fell  that  crucial  variables  and 
variable  linkages  were  omitted  from  the  projec- 
tions. A  small  representative  sampling  is  provided 
below: 

The  popubitioii  projections  omit  licaltli  factors. 

Unfortunately,  none  of  the  Study^s  population  scen- 
arios assumes  increased  mortality  rates,  althoqgh  these 
are  a  leal  possibility  in  poor  counHies.  especially  (he 
poorest  and  hungriest.  The  projections'  unanimous 
rises  in  life  expectancy  in  industnalized  nations  I  also 
find  dubious.  I^ave  you  noticed  the  soaring  cancer  rate 
in  the  U.$.  and  Europe?  It  is  believed  that  at  least  80 
percent  of  cancers  are  environmentally  induced,  and 
exposure  of  the  public  to  environmental  carcinogens 
has  increased  enormously  in  ihe  last  few  decades. 
Other  environ  mentally  related  diseases  (particularly 
respiratory  ones)  are  also  incn.'asing  in  frequency. 

The  fbherles  projections  omit  pollution  factors. 

My  review  draft  contams  the  rather  surprising  state- 
ment that  '  It  is  probablr  that  the  amount  of  pollution 
will  peak  in  the  next  10  years  and  decline  thereafter." 
There  is  no  indication  of  where  this  surmise  conies 
from.  I  consider  this  assumption  highly  unlikely  for 
several  reasons:  (a)  we  will  remain  in  an  oil  economy 
till  the  year  2000;  transportation  of  oil  by  tanker  will 
increase  during  this  period,  with  an  inevitable  increase 
in  barrels  of  oil  spilled;  (b)  as  terrestrial  sources  of 
energy  increase,  aerial  fallout  of  released  pollutants 
will  fall  predominantly  in  the  sea;  (c)  the  preceding 
point  is  simply  a  corollary  of  the  larger  point  that  as 
lon^  as  we  assume  an  increase  in  GNP  between  now 
and  2000,  there  will  be  an  increase  m  the  volume  of 
toxic  material  released  to  the  environment  and  an 
increase  in  thermal  pollution,  there  being  no  historical 
basis  for  assuming  otherwise.  These  considerations 
imply  a  lower  fish  harvest  in  the  decades  ahead  than 
one  based  on  an  assumption  that  pollution  will  de- 
crease, 

'No  consistent  accounting  is  made  of  land,  labor,  and 
capital  deployment. 

A  lot  of  people  are  talking  atx>ut  growing  biomass 
(e  g  ,  grains)  specifically  to  make  alcohols,  but  one 
must  keep  in  mind  that  this  would  be  in  direct 
competition  to  growing  food.  If  we  are  assuming  all 
available  arable  land  will  be  used  for  food  production, 
then  there  won't  be  any  available  for  energy  planta- 
tions. I  suspect  that  in  the  competition  between  food 
and  fuel,  we  will  usually  be  willing  to  pay  more  for 
food  Since  the  calorie  conversion  efficiency  of  grain 
to  alcohol  fuel  is  even  worse  than  that  of  grain  to 
livestock  feed*  growing  gram  (or  other  biomass)  in  the 
use  for  fuel  raises  the  same  ethical  questions  regarding 
the  needs  of  the  l.lX"s  that  feeding  our  grain  to  cattle 
for  meat  raises. 


Similar  concerns  related  to  consistent  accounting 
(and  ethics)  are  likely  to  arise  with  regard  to  .the 
deployment  of  labor  and  capital.  For  example,  entry- 
level  labor,  at  least  for  the  next  20  years,  will  decline 
in  the  Uniteu  States  and  increase  rapidly  in  Mexico 
(and  in  man^  Caribbean  countries).  Wages,  however, 
are  variously  estimated  at  up  to  iO  times  greater  in  the 
United  States  than  in  Mexico..  In  the  foreseeable 
future,  at  enf^y-leve!  employment,  migrants— legal  and 
illegal — couU'  be  adding  more  new  workers  to  the  U.S. 
labor  foffelhan  entry-level  U.S.  citizens. 

In  contrast,  in  the  developiQg  world  the  unskilled 
worker  population  is  growing  at  an  unprecedented 
rate.  By  the  !9808,  industries  relying  heavily  on  a  large 
en  try 'level  labor  force— for  example,  fast-food  chains — 
will  face  a  shrinking  labor  pool.  (U.S  high  school 
graduating  classes  are  beginning  to  decline  now  )  U  S 
industries,  then,  must  consider  at  least  (I)  whether  this 
type  of  needed  labor  will  be  available  v^here  and  when 
a  new  plant  is  built,  and  (2)  whether  some  types  of 
plants  and  industries  should  be  located  outside  the 
United  States  because  of  the  large  pool  of  available 
entry-level  \»bor  , 

Inadequate  Data  and  Methodologies 

Regarding  weak  data  and  methodologies,  one 
adviser  provided  three  thoughtful  quotations  con- 
cerning the  limitations  and  opportunities  inherent 
in  making  projections.  They  are  pusented  at  some 
length  at  the  conclusion  of  this  appendix  because 
of  the  critical  insights  they  provide  into  the  kinds 
of  understanding  that  can  realistically  be  expected 
of  a  study  of  this  nature . 

Our  information  regarding  reality  is  limited.  ' 

Numerical  operations  with  economic  data  mi- 
pose  their  own  requirements.  Without  knowledge  of 
errors,  tht  feeding  of  economic  data  into  high-speed 
computers  is  a  meaningless  operation.  The  economist 
should  not  believe  that  "correct"  solutions  of  many 
linear  equations  and  of  other  computations,  such  as 
multiple  correlations,  are  necessarily  meaningful  This 
IS  true  even  when  only  two  linear  equations  in  two 
unknowns  are  involved.  The  following  example,  which 
could  of  course  be  generalized,  shows  what  enormous 
difference  very  slight  errors  of  observations  .  .  .  will 
produce  in  the  solution 

The  equations 

X  ~  V-  I 
X  -  1  . 00001  V  -0 
have  the  solution  x  =  100,001,  v  -  1(H),(KK),  while  the 
almos^t  identical  equations 

X  ~  0  999999  \  -  0 
have  the  solution  x  =  -99,999.  v  =  -  100,000  The 
coefficients  in  the  two  sets  of  equations  differ  by  at 
most  two  units  in  the  fifth  decimal  place,  yet  the 
soluhons  differ  by  200,000. 
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If  one  recalls  how  easily  equations  arc  sometimes 
wnllcn  down  purporting  to  show  economic  relation- 
ships and  how  shaky  is  our  determination  of  the 
parameters,  it  will  be  realized  what  difficulties  have 
to  be  overcome  m  constructing  and  applying  an 
empiricaJly  significant  theory.  If  the  number  of  equa- 
tions is  even  moderately  large,  it  becomes  far  from 
mvial  to  find  out  whether  or  not  the  determinant 
actually  vanishes.* 

Our  aMlHy  to  makt  effltctlve  use  of  our  infornuition  is 
(Mted. 

The  difficulties  of  parameter  estimation  are  not  the 
m^st  senous  proWems  in  the  study  of  complexity. 
Suppose  that  we  did  know  the  interrelations  among 
all  parts  of  a  system  and  could  describe  the  rate  of 
change  of  each  vanable  as  a  function  of  the  others. 
Then  we  would  haVt  a  very  large  set  of  simultaneous 
non-linear  equations  in  a  vast  number  of  variables 
,  .  .  depending  on  so  many^rameiers.  the  estimation 
of  each  of  which  may  take  a  lifetime. 

These  equations  [would  probably]  be  insoluble. 
They  would  be  likely  to  be  too  numerous  to  compute. 
If  we  could  compute  [them],  the  solution  would  be 
simply  a  number.  If  we  couki  solv^the  equations,  the 
answer  woukJ  be  a  complicated  expression  in  the 
parameters  that  woukJ  have  no  meaning  for  us.  There- 
fore tne  only  way  to  understand  a  complex  system  is 
to  study  something efse  instead. 

That  something  else  is  a  model.  A  model  is  a 
theoretical  construction,  a  collection  of  objects  and 
relations  some,  but  not  all  of  which  correspond  to 
components  of  the  real  system.  In  one  sense  it  is  a 
simplification  of  nature.  ...  We  replace  the  universal 
but  trivial  statement  '  things  are  different,  intercon- 
nected, and  changing"  with  a  structure  that  specifies 
which  things  differ  in  what  ways,  interact  how. 
change  in  what  directions.  .  .  . 

Models  differ  in  the  aspect  of  reality  preserved,  in 
the  departures  from  reality,  and  in  their  manipulative 
possibiiiues.  They  can  therefore  give  different  results. 
Since  it  is  not  always  clear  which  consequences 
derive  from  the  properties  of  nature,  it  is  often 
necessary  to  treat  the  same  problem  with  different 
models.  A  theorem  is  then  called  robust  if  it  is  a 
consequence  of  different  models,  and  fragile  if  it 
depends  on  the  details  of  the  nrwdel  itself  l.,e  search 
for  robustness  leads  to  the  proposition  that  truth  is 
the  intersection  of  independent  lies.* 

Mmny  cfVectlve  approtchcs  do  exist  for  making  use  of 
our  informatioii. 

If  one  presumes  to  say  anything  at  all  about  the 
future  of  a  social  system,  he  must  assume  that  there 
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IS  something  dependable  abt)ut  the  behavior  of  that 
system.  There  are  relatively  few  distinct  ways  in 
which  social  systems  are  dependable.  The  different 
methtHjs  of  futures  research  are  based  essentially  on 
various  combinations  of  six  principles  that  character- 
ize complex,  highly  interconnected  social  systems. 

One.  Continuity.  First  of  all.  societies  exhibit 
continuity  Social  systems  change  smoothly  from  one 
state  to  another;  generally  they  do  not  change  in 
discontinuous  jumps  (Even  during  relatively  disrup- 
tive and  seemingly  discontinuous  peritxls.  such  as  the 
American  Civil  War  or  the  f^rench  Revolution,  much  ^ 
of  the  culture,  social  roles,  and  institutional  frame- 
work of  a  society  persists  without  fundamental 
change.)  Thus,  in  making  forecasts  we  commonly  and 
reasonably  extrapolate  from  past  experience.  This 
pnnciple  of  continuity  is  used  in  all  sorts  of  projec- 
tions of  trends  and  cycles— for  forecasting  demo- 
graphic trends,  economic  cycles,  and  annual  energy 
consumption,  for  anticipating  future  attitudes  from 
polling  data;  for  estimating  future  financial  perform- 
ance— to  mention  only  a  few.  .  . 

Two:  SelJ<on.snteni\.  A  second  guiding  pnnciple 
underlying  futures  research  is  that  siKietal  systems 
lend  to  be  internally  self-consistent.  That  is.  the 
behavior  of  one  sector  of  society  does  not  generally 
contradict  that  of  another  For  instance,  basjc  re- 
search IS  not  likely  to  be  well  su^.porced  and  flourish- 
ing when  the  economy  is  depressed 

The  principle  of  self-consistency  underlies  one  of 
the  popular,  if  less  systematic,  techniques  for  exam- 
ining the  future—namely,  scenano-writing  The  pur- 
pose of  wnting  scenanos  about  the  future  is  to  insure 
that  the  charactenstics  asserted,  whether  arrived  at 
from  trend  projections  or  other  methods,  '  hang 
together"  and  make  a  reasonable  story  A  plausible 
future  has  to  feel  like  it  might  be  lived  m.  Familiar 
examples  of  scenario-writi'ng  include  Fdward  Bel- 
lamy's Looking  Biukwprii.  Afdous  Huxley's  Brave 
New  World,  and  Gcorga  OrwelPs  1984. 

Three:  Similarities  amonfi  social  y\  sterns.  Because 
the  individuals  making  up  varied  social  systems  have 
fundamental  characteristics  m  common,  the  systems 
themselves  inevitably  exhibit  certain  similarities.  Ac- 
cordingly, one  group  will  tend  to  behave  somewhat 
like"another  under  similar  circumstances.  This  obser- 
vation of  similarities  across  groups  is  used  in  anthro- 
pological approaches  to  the  study  of  the  future,  in 
gaming  methods  where  an  individual  assumes  the  role 
of  a  group  or  a  nation,  and  in  cross-cultural  compan- 
sons(e.g..  of  stages  of  economic  development). 

Historical  analogues  particular,  if  not  carried  too 
far.  can  be  us<*ful  in  suggesting  possible  future 
scenarios.  For  example,  studies  of  histoncal  occur- 
rences of  revolutionary  cultural  and  political  transfor- 
mations suggest  possible  parallels  today. 

Fot4r'  Cause -effect  relationships,  SoCial  systems 
exhibit  apparent  cause-effect  connections  or  statisU- 
cal  correlmions  that  imply  cause  and  effect  relation- 
ships. For  instance,  when  making  economic  projec- 
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tk>ns  wc  assume  that  if  scarcities  occur,  prices  will 
ri$e,  or  that  if  the  rate  of  inflation  is  lowered  by 
manipiilatint  the  money  supply,  unemployment  will 
increase.  Such  presumed  cause-effect  linkiy^s  under* 
lie  much  economic  and  simulation  nrKxleling.  They 
are  the  basis  for  the  models  In  the  Club  of  Rome*s 
study  The  Umits  to  Growth  which  has  generated 
much  controversy  since  its  puMication  in  1972.  They 
form  the  basic  principle  in  the  widely  used  method  of 
cross-impact  analysis  (in  which  aspects  of  the  future 
are  studies  through  the  presumed  interactions  of 
contributing  events  on  one  another). 

Five:  Hoiistic  trending.  In  their  'Jrocess  of  evolving 
and  changing,  social  systems  behave  like  integrated 
oripanic  wholes.  They  have  to  be  perceived  in  their 
entirety;  thus  there  is  no  sul^stitute  for  human  obser- 
vation and  judgment  about  the  future  state  of  a 
system.  To  overcome  the  problem  of  bias  of  an 
individual  observer,  collective  opinion  can  be  sought 
in  various  ways.  One  of  these  is  the  so-called  Delphi 
technique  wherein  the  opinions  of  a  number  of  judges 
are  systematically  processed  and  the  results  fed  back 
to  each  of  the  judges  as  additional  input,  the  object 


being  to  obtain  refined  judgments  (but  not  necessarily 
consensus). 

Six:  Goal-seeking,  Societies  have  goals.  They  act 
with  apparent  intentionality,  although  the  goals  that 
might  be  inferred  from  observation  are  not  *^ecessar- 
ily  declared  ones.  Just  as  individuals  have  aims  of 
which  they  are  but  dimly  aware,  so  do  societies  seek 
destinies  that  they  have  never  explicitly  proclaimed. 
In  short,  social  change  is  not  aimless,  however 
obscured  the  goal.  Modern  industrialized  society  is 
confronted  with  a  set  of  dilemmas  that  it  seeks  to 
resolve.  Goals  that  once  inspired  commitment  and 
loyalty  no  longer  have  the  same  power,  and  new 
priorities  are  being  formed.  The  possible  futures  are 
distinguished,  as  mtich  as  anything,  by  the  ways 
srxiety  seeks  resolution  of  its  dilemmas,  and  by  the 
kinds  of  new  goals  that  emerge.* 


^Heprinted  with  permission  of  The  Portable  Stanford.  Stan* 
ford  Alumni  Association.  from></t  Incomplete  Guide  to  the 
Future  by  Wilbs  W  Harman.  Stanford.  >Ca(if  *  Stanford 
Alumni  Association.  1976  (New  york:  W  W  Norton, 
forthcoming) 
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Embassy  Reports  on  Foresti  y  and 
Agricultural  Trends, 


In  preparation  for  the  Global  2000  Study,  a 
request  was  made  to  a  number  of  countries  via 
U.S.  Embassies  to  supplement  the  meager  infor- 
mation available  on  forestry  and  agricultural 
trends.  The  hope  was  that  new,  but  as  yet 
unpublished,  data  might  exist  which  would  be 
useAil  in  assessing  global  conditions.  The  follow- 
ing questions  were  asked  of  a  score  of  Embassies 
in  Aifrican,  Asian,  and  Latin  American  countries: 

Ppreitry.  How  much  deforestation  (land  units 
per  year)  is  taking  place?  Are  good  forestry 
practkes  being  used?  Is  there  any  effective  re- 
forestatkm?  To  what  extent  are  existing  forests 
showing  signs  of  stress  fror.  forest  grazing,  fire- 
wood gleaning,  expanded  or  accelerated  slash- 
and-bum  agriculture,  etc.?  To  what  extent  does 
disruptKHi  of  watershed  cover  appear  to  be  caus- 
ing problems  downstream  (erratic  stream  flow, 
dam  sittatKM),  etc.)?  What  institutional  programs 
arc  in  ^ect  to  improve  forestry  practices?  Are. 
these  adequate? 

SoiL  If  agricultural  land  is  being  lost  to  cultiva- 
tkm  through  problems  such  as  erosion,  saliniza* 
lion,  waterlogging,  dc^sertification,  laterization, 
r*-*.,  please  specify  cause  and  magnitude  (units 
per  time  period).  Specify  problems  either  cur- 
rently visible  or  foreseeable  concerning  mainten- 
ance of  fertility  in  currently  used  crop  land.  What 
institutions  exist  to  promote  soil  conservation? 
Are  these  adequate? 

Land  Drvelopaient.  How  much  does  it  cost  to 
bring  an  additional  hectare  of  land  into  cultiva- 
tion? How  are  costs  distributed  between  public 
and  private  costs  (e.g.,  for  irrigation  projects)? 
What  addition  to  crop  production  can  be  antici- 
pated as  a  result  of  expansion  of  arable  lai^d? 

YMd  Gains  from  Technokigkal  Change.  What 
Estimates  of  yiekl  gains  attained  by  technological 
change  are  available?  Has  any  effort  been  made 
to  quantify  the  inputs  and  capital  costs  necessary 
to  achieve  such  gains? 

The  following  sections  are  abstracted  from  the 
Embassy  responses. 


BANGLADESH 

Sununary.  Deforestation  and  land  degradatfon 
are  not  considered  significant  problems  in  Bangia* 
desh  at  present.  However,  the  country *s  modest 
forest  resources  coukl  be  exhausted  by  the  end  of 
the  century  if  not  effectively  maifiaged.  Loss  of 
forest  cover  in  Bangladesh  itself  (!loes  not  pose  a 
significant  threat  to  agricultural  l^id,  but  defores- 
tation in  neighboring  areas  coukl  cause  flooding 
problems  here.  In  its  development  efforts  the 
government  of  Bangladesh  has  focused  on  improv- 
ing the  productivity  of  existing  arable  land.  For- 
estry management  has  received  conskierably  less 
attentk)n.  Data  generated  in  the  planning  process 
is  not  invariably  consistent.  an#^  the  projections 
based  on  them  involve  assumptions  of  limited 
reliability.  In  light  bf  this,  ^he  following  responses 
to  questions  are  suggestive  rather  than  conclusive. 

Forestry.  Some  deforestation  as  a  result  of 
illegal  cutting  and  "slash  and  bum**  agriculture  is 
evident  from  aerial  observation^  but  the  amount 
has  not  been  quantified.  About  15  percent  of  the 
country  is  covered  by  forest,  mainly  in  the  Sun- 
derbans  area  in  the  southwest  and  in  the  hilly,  less 
densely  populated  border  areas  of  the  Chittagong 
hill  tracts  and  Sylhet.  Forest  cover  in  these  areas 
has  not  decreased  signifkantly,  but  village  groves 
scattered  throughout  the  country  are  disappearing 
as  the  population' (and  thus  th^  demand  for 
agricultural  land  arid  fuel)  increases. 

There  is  no  concerted  reforestation  program  at 
present.  Some  fotest  areas  (e.g.,  the  mangrove 
forests  of  the  Sunderbans  and  bamboo  groves 
elsewhere)  regenerate  fairly  quickly  if  left  alone, 
but  the  large  hardwood  forests  of  the  Chittagong 
hill  tracts  are  slow  to  recover  from  cutting. 

Cultivation  of  products  such  as  pineapples  in 
previously  uncultivated  areas  of  the  ChittagOkig 
hill  tracts  has  caused  some  soil  erosion  and 
increased  runoff.  The  acreage  involved  at  present 
is  small  but  coukl  pose  future  problems  as  the 
amount  of  land  under  such  cultivation  increases. 
The  nuyor  watershed  disruption  problem  feeing 
Bangladesh  concerns  deforestation  in  the  regjons 
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upstream,  from  which  an  immense  volume  of 
water  flows  to  the  Bay  of  Bengal  through  the 
Brahmaputra  and  Meghna  River  systems.  Observ- 
able removal  of  forest  cover  has  occurred  in  the 
areas  borderinig  Sylhet;  increased  deforestation 
could  exacerbate  flooding  problems  in  Bangla- 
desh. ^ 

The  government  is  undertaking,  with  FAO 
assistance,  to  develop  programs  for  a  systematic 
survey  of  forestry  resources  and  reforestation 
through  its  Forestry  Research  Institute  in  Chitta- 
gong.  These  pn^grams  are  just  getting  under  way. 

Soil.  Some  land  is  being  lost  for  cultivation 
through  expansion  of  the  large  urban  centers  of 
Dacca-Naray-Anganj  (combined  population  over  2 
million)  and  Chittagong  (population  889,000).  Oth- 
erwise the  amount  of  land  under  cultivation  has 
remained  relati\'ely  constant. 

The  Bangladesh  Agricultural  Research  Council 
and  Horticulture  Development  Board  both  have 
^  programs  desij^ned  to  prc?mote  good^  cropping 
*  practices.  Traditional  cropping  practices  have  not 
significantly  damaged  the  soil.  However  fertility 
and  thus  crop  yields  could  be  greatly  improved  by 
increased  application  of  fertilizer. 

Land  Development.  Tht  cost  of  bnnging  an 
additionil  hectare  of  land  into  production  has  not 
been  quantified,  as  nearly  all  available  arable  land 
is  now  being  cultivated  and  theic  is  little  potential 
for  adding  significantly  to  acreage  presently  de- 
voted to  agriculture.  Even  so,  the  Bangladesh 
Water  Development  Board  has  been  directed  to 
prepare  a  mast«2r  plan  for  reclamation  in  the 
coastal  areas  and  offshore  islands.'  No  cost  figures 
have  been  developed  yet  and  in  any  case  the 
increase  in  acreage  will  not  be  great.  Rather  than 
stretching  the  total  acreage  the  government  has- 
concentrated  its  efforts  on  increasing  cropping 
intensity  and  food  production.  The  costs  and 
quantity  of  inputs  involved  in  this  effort  are 
discussed  below,  under  **  Yield  Gains." 

Gains  in  production  attributable  to  increased 
acreage  are  not  expected  to  be  significant.  How- 
ever, the  potential  for  gains  in  yield  is  considera- 
ble, as  discussed  below. 

Yield  Gains.  Vanous  estimates  of  the  potential 
increase  in  food  production  have  been  made.  All 
of  thena  emphasize  thai  increased  use  of  high- 
yielding  varieties  (HYVs)  of  rice,  fertilizer,  and 
irrigation  could  greatly  increase  crop  yields,  crop- 
ping intensity,  and  consequently  overall  output 
USAID  h^s  calculated  that  the  addition  of  one 
pound  of  fertilizer  per  acre  of  paddy  increases  the 
yield  by  about  3.5  pounds.  The  Bangladesh  gov- 
ernment, in  its  1973-78  five  year  plan,  projected 


ERLC 


that  increased  use  of  HYVs  in  conjunction  with 
fertilizer  application  and  irrigation  could  generate 
rice  yields  of  .898  tons  per  acre  compared  to  .582 
tons  per  acre  for  traditional  varieties.  The  Asian 
Development  Bank,  using  assumptions  leading  to 
a  higher  production  growth  rate,  estimated  that 
foodgrain  production  could  rise  to  26.22  million 
long,  tons  by  1985  in  a  **high  growth"  scenario,  or 
21.35  million  long  tons  in  a  **low  growth''  scena- 
rio. 

In  its  1973-78  five  year  plan,  the  government  of 
Bangladesh  proposed  to  supply  agricultural  inputs 
(HYV  seeds,  fertilizer,  and  plant  protection) 
worth  6.4  billion  taka  ($426  million  at  15  taka 
equal  to  one  U.S.  dollar)  to  farmers,  for  which 
the  latter  would  pay  5.2  billion  taka,  leaving  a 
subsidy  of  about  1.2  billion,  approximately  19 
percent  of  the  total.  In  addition,  the  plan  proposed 
to  spend  5.8  billiow  taka  ($387  million)  for  irriga- 
tion facilities  of  which  1.5  billion  taka  would  be 
paid  for  by  the  users.  However,  due  to  a  variety 
of  circumstances,  neither  the  expenditure  targets 
or  the  anticipated  foodgrain  output  of  15.4  million 
long  tons  have  been  achieved. 

The  World  Bank  has  :eveloped  a  scenario  for 
increasing  foodgrain  production  by  500,000  tons 
per  year  (the  increase  necessary  to  achieve  the 
projections  discussed  above).  It  envisages  the 
following  yeariy  increases  in  inputs:  (I)  installation 
of  1,000  low  lift  pumps,  5,000  shallow  tubewells, 
1,000  deep  tubewells,  and  30,000  hand  tubewells 
to  provide  irrigation  to  an  additional  158,000  acres 
of  paddy  and  60,000  acres  of  wheat;  (2)  application 
of  74,000  tons  of  fertilizer;  anti  (3)  use  of  an 
additional  2,400  tons  of  HYV  wheat  seeds,  1,400 
tons  of  HYV  Aman  rice  seeds,  800  tons  of  HYV  - 
AUS  and  400  tons  of  HYV  Boro.  The  World 
Bank  has  not  projected  cost  figures  for  these 
inputs. 

Comment.  By  the  end  of  the  century  Bangla- 
desh is  expected  to  have  a  population  of  150 
million.  In  the  face  of  this  prospect,  the  govern- 
ment has  bent  its  resources  toward  increasing 
food  production  by  enhancing  the  output  of  exist- 
ing agricultural  land.  Assuming  an  adequate  sup- 
ply of  necessary  inputs,  land  degradation  does  not 
loom  as  a  serious  problem.  However  pressure  on 
forested  areas,  both  to  increase  cultivated  areas 
and  to  provide  fuel,  could  result  in  the  destruction 
of  the  country's  extractable  timber  by  the  year 
2000.  The  environmental  impact  of  this  in  terms 
of  increased  runoff  and  erosion  would  be  most 
significant  in  the  Chittagong  hill  tracts.  Elsewhere 
most  deforested  areas  would  be  relatively  level 
and  would  subsequently  be  culti%^ated. 
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Should  population  pressures  'oad  to  large  scale 
removal  of  forest  cover  *n  Nepal  and 
Bangladesh  as  a  whole  would  be  ad^erseiy  af- 
fected hy  the  increased  runoff.  Under  present 
conditions  the  country  is  subiect  periodic 
severe  flcxxJing  and  the  prospect  of  more  frequent 
and  damaging 'floods  would  Hireaten  both  the 
nroduclivily  of  the  land  and  large  portions  of  the 

"iulalion.  This  may  be  the  most  significant 
environmental  problem  facing  Bangladesh  by  the 
year  20(K) 

BOMVIA 

Fortstr),  Deforestation  has  increased  in  the  last 
few  years  and  is  estimated  to  total  250,000  to 
mOOO  hectares  in  1978.  Appr.nmately  90  per- 
cent  of  the  ground  cover  is  destroyed,  and  very 
little  timber  is  cut  for  later  uses.  Overg  azing  and 
slash  and  burn  agriculture  have  cb;  nged  river 
flows  and  hiive  also  stnpped  off  lop  soils  exposing 
the  underlying  clay  of  sandy  soils.  / 

Reforestation  plans  are  limited  Forestry  or|^- 
nizatiOiis  have  some  plans  for  the  future.  Various 
goveninent  organiziitions  have  prepared  prografns 
ar'*  A}  >  concerning  forestry  practices.  Budget 
limitatK.  .  an\J  lack  of  trained  personnel  have 
hamp^^red  these  efforts. 

So'!  Problems  of  erosion,  salinization,  deserti- 
tlcalion.  and  lateri^ation  are  increasing  and  are 
caused  by  the  following:  improper  use  of  the  land, 
oveigrazmg,  co' ^nization,  and  destruction  of 
ground  cover  cither  by  slash  and  burn  methods  or 
by  using  machinery  which  not  only  destroys  the 
jungle  but  also  the  physical  composition  of  the 
soil 

On  the  Altiplano,  gazing  animals  remo*  ^  vir- 
tUtillv  t^j.  plant  life  Most  grazing,  however,  occurs 
on  the  fallow  fields  that  are  maintained  as  grazing 
areas  b>  the  small  communities  that  cont  jI  land 
areas 

hstimates  as  to  the  extent  and  rate  of  erosion 
arc  ditllcult  to  make.  The  silt  composition  of  the 
lock  formations  and  the  steep  teriain  lead  to 
substantial  rates  of  natural  erosion  Human  activ- 
ity also  has  an  important  impact,  but  no  data 
exists  about  its  relative  magnitude 

BRAZIL 

Summar>,  Notwiihstanding  ,he  decrease  in  re- 
sources uir  reforestation  in  the  last  three  yeais, 
Brazilian  expeils  unanimously  state  that  the  fiscal 
incentive  piogram  adopted  by  the  Brazilian  gov- 
♦^mmcnt  has  not  onl>  alerted  Brazilians  to  their 
eno^inous  forestry  potc,    il  but  has  also  enabled 


them  to  adapt  foreign  technology  in  this  sector  to 
Brazilian  conditions  of  climate  and  soil.  Evidence 
of  this  is  the  fact  that  Brazil  had  reportedly 
managed  to  obtain  average  productivity  of  45 
cubic  meters  per  hectare-year  in  the  last  10  years, 
opposed  to  an  average  of  18  cubic  me^er« 
before  the  fiscal  incentive  program  started.  The 
European  average  (particularly  in  the  planting  of 
eucalyptus  and  pinus)  is,  according  to  Brazilian 
experts,  between  4  and  10  cubic  meters  per 
hectare-year.  ' 

Forestry.  Most  of  the  following  daia  were  taken 
from  an  article  on  the  subject  that  recently  ap- 
peared in  the  jornal  do  BnisiL  Material  for  the 
article  was  collected  through  research  and  inter- 
views with  Brazilian  officials  and  businessmen 
from  the  500  Brazilian  private  companies  that 
operate  in  the  area  of  reforestation  in  Brazil. 

Brazil  had  originally  about  5.2  million  square 
kilometers  of  natural  forest  area.  It  now  h«s  less 
than  3.5  million.  Eighty  percent  or  Brazil's  currer.t 
forests  are  concentrated  in  the  Amazon  area,  and 
the  most  deforested  areas  are  located  in  the 
southern  and  southeastern  regions  of  the  country 
The  Amazon  region  has  lost  840,000  square  kilo- 
meters of  forests,  which  corresponds' to  24  percent 
of  its  original  reserve.  tAperts  have  reportedly 
estimated  that  if  current  deforestation  rates  con- 
tinue, the  Amazon  forest'^will  disappear  in  less 
than^O  years. 

Sources  in  the  Brazilian  Institute  for  Forest 
Development  have  reportedly  stated  that  tree 
cutting  in  Brazil  had  totaled  about  160  million 
cubic  meters,  120  million  of  which  were  usf  '  as 
firewood  or  in  the  pioduction  of  charcoal.  Only 
40  million  cubic  meters  weie  used  in  the  produc- 
tion of  higher-valued  materials,  si  ' h  as  .lumber, 
essential  oils,  and  pulp. 

Deforestation  figures  in  some  states  in  Brazil 
are  as  follows.  P^^rana:  370,000  hectares  per  year; 
the  state  has  lost  70  percent  of  its  native  reserves 
in  the  la  *  10  years.  Rio  Grande  do  Sul:  In  the  last 
20  years  the  state's  original  reserves  have  de- 
creased from  43.3  percent  to  1.8  percent.  Minas 
Gerais:  In  the  last  15  years  the  state  has  I'.st  3 
million  hectares  of  dense  forest  and  6.5  million 
hectares  of  savannas  (cerrados).  Sao  Paulo:  80 
perv^ent  of  state  territory  was  covered  by  forest  a 
century  ago;  that  percentage  is  now  reduced  to  7 
percent. 

In  view  of  seriousness  of  the  deforc  tation 
picture  in  Brazil,  the  government  in  1966  decided 
to  adopt  a  Toiestation  progiam  through  which  it 
delegated  to  the  private  sector  the  task  of  provid- 
ing the  raw  material  necessary  lo  meet  the  de- 
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mand  for  wocxl  in  all  its  vaned  applications.  The 
law  creating  the  program  (No.  5,106  of  l%6) 
provided  that  investments  in  companies  that  op- 
erated in  the  area  of  reforestation  could  be  de- 
ducted from  income  tax  to  be  paid  both  by 
corporation  and  private  individuals.  This  fiscal 
incentive  program  was  highly  successful  until 
three  years  ago,  when  resources  for  reforestation 
started  to  decrease.  The  following  figures  show 
the  success  of  the  program  in  the  12  years  of  its 
existence.  Before  the  program,  the  annual  natu  i- 
wide  planting  rate  was  less  than  40,000  hectares 
per  year.  Current  raic  the  order  of  300,000- 
400,000  hectares  |xm  year,  hive  hundred  private 
companies  are  currently  engaged  in  icforestalion 
in  Brazil,  The  refure  „ea  has  practically 
dou*^*ed  since  1966;  2.:  ion  hectares,  repre- 
ss ^6  million  tree>  \r^.c  been  planted.  Brazil 
^rpassed  in  reforestation  practices  only 
by  three  countnes — (Tiina,  the  Soviet  Union,  and 
the  United  States  Investments  in  the  primary 
sector  of  reforestation  have  totaled  26  billion 
cruzeiros  ( 1 .6  billion  U  S.  dollars)  since  1966. 

Leading  states  in  reforestation  are;  Minas  Ger- 
ais,  with  690,000  hectares;  Sao  Paulo,  with 
510m)  hectares:  ^aiapa,  with  520,000  hectares; 
and  Mato  Grosso,  with  240JOOO  hectares.  Most 
planted  trees  are  eucalyptus  (1.3  million  hectares) 
and  pinus  (865  thousand  hectares) — both  non-na- 
tives 

Brazilian  experts  and  companies  involved  in 
reforestation  have  expressed  concern  about  the 
decrease  in  the  refoiestation  rate  in  the  last  three 
years,  due  to  changes  in  legislation,  which  have 
resulted  in  a  decrease  in  resources  allocated  to 
piivate  compariies.  Fhose  sources  estimate  that 
Braz'l  will  face  a  deficit  of  I  7  million  hectares  by 
1980,  since  internal  demand  for  wood  by  that  time 
Will  be  on  the  order  of  2.9  million  hectares,  and 
Brazil  w()uld  m*i  he  able  to  reforest  more  than  1.2 
million  hectaies  at  present  rates 

CHAD 

Viilually  no  statistical  data  are  available  with 
regard  io  the  questions  raised  Deforestation 
ihioughout  the  country  has  been  significant  during 
the  past  decade  and  is  likely  to  continue  through 
the  year  2000  vMth  aggravated  results  The  com- 
mon perception  of  most  observers  in  Chad  is  that 
;he  demand  foi  cwking  fuel  is  the  piimary  and 
unabated  cause  of  unquantified  bui  significant 
level  of  deforestation,  ihe  secondary  causes  are 
uncontrolled  expansion  of  slash  and  bum  agricul- 
tural practices  and  rorage  demands  for  livestock. 
While  the  forestry  service  is  making  an  effort, 
along  with  a  few  aid  donors,  to  maintain  existing 
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reserves  and  develop  new  ones,  hese  efforts  are, 
on  a  national  scale,  inadequate.  A  requirement 
for  alternative  fuel  sources  is  indicated.  However, 
no  economically  feasible  solution  is  presently 
anticipated.  Furthermore,  it  is  believed  that  defor- 
estation, along  with  traditional  livestock  manage- 
ment practices,  is  having  a  senous  effect  on  soil 
fertility  levels.  This  is  certainly  true  in  the  Sahe- 
lian  portion  of  the  country.  One  portion  of  Chad, 
which  has  been  the  site  of  considerable  observa- 
tion, is  the  rangelands  located  southeast  of  Lakf 
Chad.  In  this  area,,  food  crop  production  is  only 
marginal  and  range  management  experts  have 
determined  that,  due  to  overgrazing,  the  range  is 
in  a  state  of  rapio  decline.  There  has  been  no 
evidence  observed  regarding  change's  in  watershed 
due  to  forestry  practices.  However,  one  might 
suspect  that  the  impact  of  human  populations  is 
contributing  to  long-term  changes  in  the  water 
levels  of  Lake  Chad.  The  final  conclusion  is  that 
unless  the  trend  is  reversed,  severe  land  degrada- 
tion over  much  of  Chad  will  be  evident  by  the 
year  2000 

No  data  are  available  regarding  land  develop- 
ment and  crop  yields. 

COLOMBIA  I 

Forestry.  As  a  result  of  many  processes,  such 
as  farming  practices,  erosion,  and  colonization 
settlements,  it  is  estimated  that  approximately 
908,000  hectares  of  natural  forest  land  are  being 
lost  each  year.  Forestry  pra^*ices  are  being  used 
on  only  a  small  portion  of  the  land. 

At  the  present  time,  only  approximately  5,000 
hectares  are  being  refo.ested  each  year.  Plans  i^re 
in  efffect,  however,  that  would  bring  a  totai  of 
approximately  540,000  hectares  into  reforestation 
during  the  period  l%5-95.  Significant  portions  of 
existing  forests  are  showing  stress  for  all  the 
reasons  indicated 

Tremendous  watershed  problems  result  from 
the  disruption  of  the  watershed  covers  although 
they  c?*nnot  be  iocumented.  One  institutional 
program  to  improve  forestry  practices  involves 
paying  campesinos  2  pesos  (5  U,S.  cents)  for  each 
seedling  planted.  All  programs  of  this  type  are 
recognized  ^  inadequate  and  in  need  of  expan- 
sion. One  measure  of  hope  is  the  recent  creation 
of  the  Forestry  Fund  by  the  Colombian  govern- 
ment. 

Soil.  No  specific  data  are  available  on  mainte- 
nance of  cropland  fertility,  but  fertilizers  are 
widely  used  on  commercial  crops.  The  major 
institution  to  promote  soil  conservation  is  the 
Instituto  Colombiano  Agropecuario,  under  the 
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Ministry  of  Agriculture.  It  is  efTicacious,  but  not 
fully  adequate. 

A  study  entitled  **Land  Erosion  in  Colombia/' 
pp-Slished  in  1977  by  the  Ministry  of  Agriculture's 
N  ♦ional  Institute  of  Renewable  Natural  Re- 
sources and  the  Environment,  printed  the  follow- 
ing table: 


Type  of  Erosion  and  Intensity  Area 

Percent 
Square  of 
Kilometers  Country 

Ar;as  without  serious  erosion 


processes 

282.000 

24 

.8 

Areas  affected  principal y  by 

surface  water  erosion 

586.000 

51 

4 

Minor  to  light  intensity 

415.000 

36 

4 

Light  to  medium  intensity 

12 

8 

Medium  to  strong  intensity 

7.000 

0 

6 

Strong  to  very  strong  intensity 

18.000 

1 

6 

Areas  affected  pnncipally  by  mass 

earth  movements 

268.000 

23 

5 

Minor  to  light  intensity 

28.000 

2 

5 

Light  to  medium  intensity 

233.000 

20 

4 

Medium  to  strong  intensity 

7.000 

0 

6 

Areas  affectc J  principally  by  wind 

erosion 

3.000 

0 

3 

Strong  to  very  strong  intensity 

3.000 

0 

3 

Total  country  area 

1.139.000 

too 

0 

Land  Developnient.  The  variaMes  involved  in 
answering  these  questions  of  land  development  are 
tremendous.  No  data  are  available  at  present. 


EGYPT 

The  principal  published  data  source  for  the 
questions  raised  is  the  1975  USAID/USDA  study 
"Egypt:  Major  Constraints  to  Agricultural  FWuc- 
tivity."  Little  new  information  is  available.  While 
the  Egyptian  Ministry  of  Agriculture  has  several 
technical  people  familiar  with  data  collection,  the 
Ministry  lacks  full  resources  for  compilation,  inte- 
gration, and  analysis  of  such  information. 

Soil.  Salinity  and  waterlogging  have  become 
unexpectedly  urgent  problems  in  the  past  few 
years  due  to  the  farmers*  traditional  overuse  of 
the  available  water  supply,  which  was  increased 
with  the  completion  of  the  Aswan  High  Dam  and 
tht  subsequent  introduction  of  widespread  irriga- 
tion. Traditional  methods  of  the  .easonal  soaking/ 
flooding  of  crops  contributed  to  the  sudden, 
unanticipated  increase  in  the  incidence  of  prob- 
lems due  to  the  rise  in  water  tables.  The  Ministry 
of  Agriculture  estimates  that  50,000  to  60,000 
acres  (roughly  I  percent  of  the  cultivable  land 
area)  have  been  lost  to  production  due  to  these 
complications  over  the  'ast  five-year  period.  With 


donor  assistance,  however,  the  government  is 
taking  steps  to  rectify  the  problem  through  the 
installation  of  a  tile  drainage  system  in  the  delta 
and  other  irrigated  areas.  Extensive  projects, 
principally  financed  by  IBRD,  will  provide  drain- 
age for  approximately  one-fifth  of  the  total  cultiv- 
able land  areas  by  1981  and  prevent  further  loss 
due  to  salinity.  If  projects  ar^  fully  implemented 
on  schedule,  the  Ministry  foresees  no  increase  in 
lands  lost  to  salinity  and  waterlc^ng.  Further- 
more, existing  losses  should  be  restored  to  pro- 
duction. 

An  eyen  greater  threat  to  cultivable  lands  is  the 
rapid  urbanization  in  Cairo  and  Alexandria,  which 
annually  claims  highly  productive  acres  in  the 
river  valley  or  delta.  Fertility  maintenance  on 
existing  land  is  becoming  increasingly  difficult 
with  absence  of  the  annual  resilting  due  to  con- 
struction of  the  Aswan  High  Dam.  The  Egyptian 
Ministry  of  Agriculture,  however,  has  a  program 
underway  to  increase  the  use  of  chemical  fertil- 
izers and  to  rotate  certain  crops  to  replenish  soils. 

Land  Development.  The  Aswan  High  Dam  has 
coi  nbuted  to  reclamation  of  approximately  I 
ml' on  feddans  (one  feddan  equals  slightly  more 
than  one  acre)  since  its  construction.  The  cost  of 
reclamation  has  not  been  matched  by  significantly 
increased  productivity.  Virtually  all  reclamation 
costs  have  been  borne  by  the  government.  The 
peculiar  circumstances  of  Egypt  make  it  impossi- 
ble to  project  production  increases  from  the 
expansion  of  arable  lands,  because  the  costs  of 
desert^  reclamation  (averaging  about  $2,0(X)  per 
acre)  are  far  in  excess  of  the  projected  potential 
returns  during  the  short  or  medium  term.  More- 
over, reclaimed  lands  reach  optimum  production 
levels  7-10  years  after  they  are  brought  into 
production;  only  then  can  increased  productivity 
be  eva'  jated.  The  majority  of  the  reclaimed  Egyp- 
tian lands  have  not  yet  attained  optimum  produc- 
tion levels.  This  factor  understandably  contributes 
significantly  to  the  high  cost  of  reclamation. 

Yield  Gains^.  ^Fhe  principal  impact  of  technolog- 
ical advance  has  bee.i  the  introduction  of  new 
varieties  of  existing  crops — e.g.,  rice,  cotton,  and 
wheat.  In  this  area,  measured  gains  have  been 
impressive,  but  widespread  applk:ation  of  techno- 
logical advances  has  been  slow.  The  Ministry  of 
Agriculture,  in  a  recent  submission  for  the  1978- 
82  five  year  plan,  made  the  point  tl.at  the  agricul- 
tural sector's  principal  problem  is  the  failure  to 
implement  widespread  technical  changes  rapidly. 
Consequently,  many  potential  gains  in  productiv- 
ity are  lost. 
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INDIA  (Cakiitla) 

Forestry  and  Soil.  Forestry  is  certainly  an 
important  subject  in  eastern  India.  There  are 
regional  forestry  officials  of  the  government  of 
India  located  in  Calcutta  and  if)  West  Bengal,  a 
central  and  populous  but  not  territorially  extensive 
state  of  the  region. 

West  Bengal  technicians  offered  the  following 
information  for  the  state  area. 

A.  Area  Under  Forests  in  West  Bengal  (in  square  kilome- 
ters) 

Total  Forest  Area 
1901  13,491 
1951  12.225 
1974  11.837 


B  River  (m  hectares  per  100  km*') 


Teefta 
MaytraksJbi 
Panchet 
Kangsabati 

C  Areas  Under  Shifting  Cultivation 


State 
As?  am 
Meghalaya 
Manipur 
Tnpura 
"NaghR^d 
Mizora 

Andhrdi^radesh 
Total 


IJVO  Hei'res 

498  3 
4160 
100  0 
220  9 
608  0 
^  604  0 
248  6 
:.695  7 


Annual  Rate  of 
Silt  at  ion 
98.40 
16  43 
10  00 
3  76 

Percentage  of  Net 
Shown  Area  Where 
Shifting  Cultivation 
Is  Practued 

3 
46 
43 

9 
72 
90 
80 


In  West  Bengal  approximately  1.7  million  hec- 
tares of  agricultural  land  suffers  from  different 
kinds  of  soil  erosion/laitd  deterioration,  and  ap* 
proximately  148,000  hectares  of  barren  land  under 
the  administration  of  the  Forest  Department  re- 
quire rejuvenation.  The  table  below  gives  tentative 
estimates  of  the  different  types  of  deterioration  of 
agricultural  land  and  the  areas  affected: 


Type  of  Deterioration 
Waterloggmg 
Sheet,  rill,  and  guily 
Flood-prone 
Sahnity 

Landslides  and  landslios 
Total 


Area 
(in  hectares) 
500.000^ 
600.000 
400,000 
150.000 
16.000 
1.666.000 


Officials  who  are  working  in  this  field  also  made 
more  general  observations: 

Forest  in  eastern  India  are  gradually  being 
denuded.  One  of  the  main  causes  is  illegal  cutting 


of  trees,  especially  saplings,  for  fud  and  the 
construction  of  homes  by  the  poor  people.  This 
problem  is  most  acute  in  the  tribal  areas  of  West 
Bengal.  There  is  an  acute  shoitage  of  land  both 
for  cultivation  and  for  grazing  cattle,  and  intense 
overgrazing  of  forest  ai'eas.  The  overgrazing  has 
led  to  the  loss  of  the  porosity  of  the  soil,  which 
has  retarded  the  development  of  humus.  This  in 
turn  has  caused  'videspread  soil  erosion. 

The  indiscr  i.  te  cutting  of  trees  in  the  wa- 
tershed areas,  especially  in  hilly  regions,  has 
affected  the  flow  of  rivers  and  streams.  The  flow 
is  beco.ning  more  seasonal  instead  of  being  rela- 
tively  constant  through  the  year.  The  disruption 
of  the  watershed  cover  has  also  caused  a  general 
lowering  cf  the  ground-water  table.  The  down- 
stream effects  of  this  are  an  increase  in  the 
frequency  and  intensity  of  flooding  during  the 
monsoon  and  a  reduction  of  the  water  flow  during 
the  dry  season.  This  in  turn  has  led  to  a  silting  up 
of  not  only  agricultural  land  in  the  flood  plains  but 
also  a  silting  up  of  the  reservoirs  of  river  valley 
projects  and  an  alarmingly  high  rate  of  sedimen- 
tation in  the  rivers. 

Slash  and  bum  farming  is  widely  practiced  in 
most  paris  of  northeastern  India.  The  area  af- 
fected by  shifting  cultivating  is  estimated  at  about 
2.7  million  hectares.  (A  sifnilar  system  prevails  in 
the  hill  forests  of  Orissa  and  Andhra  Pradesh  over 
an  area  of  aoout  0.3  million  hectares.)  Owing  to 
the  growing  pressure  of  population  on  land,  the 
cycle  of  slash  and  bum  ^igriculture,  which  for- 
merly ('overed  a  period  of  20-30  years,  now 
occurs  every  4--6  years.  Consequently,  despite 
official  activities  to  curb  slash  and  bum  agriculture 
and  encourage  settled  cultivation,  forests  are  being 
denuded  very  rapidly,  and  soil  erosion  in  these 
areas  is  intense  and  widespread.  Inadequate  ter- 
racing of  areas  under  permanent  cultivation  is  also 
a  problem. 

The  central  and  state  govemments  are  aware  of 
the  importance  of  preserving  forests,^  but  they  are 
handicapped  by  a  shortage  of  funds  and  trained 
personnel  and  by  the  poverty  o£  the  people,  who 
cannot  afford  to  buy  fuel  or  sHelter  and  conse- 
quently  have  no  altemative  but  tooencroach  on  the 
forests.  In  recent  years  the  fundini  of  the  govern- 
ment of  WeJst  Bengal  for  develofnlaent  of  forests 
has  increased.  In  U.S.  dollar  equivalents,  the 
budget  for  1977  was  $1.5  million,  while  the 
estimated  budget  for  197J  is  $1.8  million.  The 
government  has  reportedly  aiso  finalized  a  $2.6 
million  program  for  rehabilitating  more  than  1,000 
hectares  of  degraded  forests  and  over  2,500  hec- 
tares of  plantations.  This  program  is  scheduled  to 
begin  in  Fiscal  Year  1978. 


ERIC 


n 


APPENDIX 


729 


Accofxling  to  oflficials  of  the  West  Bengal  For- 
estry Etepartment,  the  plans  prepared  by  it  for  the 
protection  and  the  development  of  forests  are 
very  comprehensive,  but  there  is  often  a  shortage 
.  oi  funds  and  the  gap  between  the  preparation  of 
plans  and  their  execution  is  often  very  wide.  Soil 
(^ials  stressed  the  lack  oi  trained  and  experi- 
enced personnel,  which  often  means  that  the 
financial  resources  available  cannot  be  properly 
used. 

Significant  areas  in  North  Bengal  (adjoining 
N^pal  and  Bangladesh)  are  adversely  affected  by 
changes  in  the  courses  of  the  rivers.  S^tistics  are 
not  rt^dfly  available  on  the  population  or  the  total 
areas  andued  by  this  problem,  but  it  is  considered 
serious.  Countenreasures  required  extensive  re- 
search and  planning,  interstate  and  international 
cooperation,  and  very  large  financial  investments, 
which  are  probably  beyond  any  current  capacities 
of  the  state. 

INDU  (New  Delhi) 

Forestry.  The  combination  of  both  oveip^ng 
and  stripping  of  trees  for  fuel  is  nraking  a  serious 
impact  on  the  Himalayan  watershed.  Effects  an 
jw?en  in  landslides,  flooding  in  .the  Gangetic  Plain, 
lowering  of  the  ground-water  tafile,  and  reser- 
voir siltation.  No  studies  have  been' made  to 
estimate  the  total  environmental  and  economic 
cost  of  deforestation.  Resolving  the  sociological 
proolems  of  forestry  management  would  appear  to 
be  as  problematical  as  fmding  the  resources  for 
reforestation.  Supplying  an  alternate  means  for 
the  economic  survival  of  the  people  currently 
using  the  forests  \or  their  livelihood  must  proceed 
simultaneously  with  good  forestry  practices.  A 
summary  of  some^of  the  more  important  data 
points  is  given  below. 

Land  Use  ClassiHcation  as  of  1973 


Total  geographica]  area 
Agriculture  or  cultivated  land 
Forests 

Other  uncultivated  land 
Nonagricultural  uses 
Barren  and  uncultivated  land 
NiWunade  forests  in  India 
created  up  to  1969 


Milhons  of 
hectares 
328.05  (100%) 
152.27  (45.4) 
74  57  (22.7) 
42.18  (13.0) 
16.25  (  5.0) 
42.78  (12.9) 

1.546.400  ha 


1970 
19TI 
1972 


;  ©rest  Areas,  1970-73 

Millions  of 
hectares 
74.89 
74.83 
74.60 


Loss  of  Forests 
{deforestation) 

0  05 
0.23 
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1973 


Millions  of 
hectares 


Average  loss  of  forests  per  ycai  1  0-73 


Loss  of  Forests 
{deforestation) 
0.03 

106,700  ha^ 

•  Actoid  defomution  u  expected  to  be  more  because  af  some  loaeaie  by  le- 

V 

Sedimentation  data  for  23  selected  reservoirs 
have  been  collected.  The  trend  of  the  sedimenta- 
tion in  the  reservoirs  varies  from  2.^>  to  18  hectare- 
meters  per  square  kilometer  (54  tci  382  acre-feet 
per  100  square  miles)  of  the  catchment  per  year. 
For  example  the  sediment  rate  for  the  period 
1965--70  (five  years)  is  7358  acre-fe*n  per  year  for 
Mayurakshi  Reservoir,  which  is  three  times  the 
expected  rate  of  siltation. 

Soil,  Agricultural  land  loss  through i: 

2.aniil}K  >n  ha  (1974) 


Gully  erosion  (total) 
Ravages  of  vi  ater  and  wind 

erosion 
Salinity  (total)  ' 
Deserts 


80.000  hi i/vear  (estimate) 
7  million  ha  (estimate) 
No  data  collected 


Land  recovered: 


70.000  ha  in  15  years 
20.000  ha  in  3  years 


Ravines 
Alkali  soil 

Over  a  25-year  period,  22  million  ha  were  re- 
covered for  agriculture  use  by  variou  s  soil  conser- 
vation programs. 

Several  good  institutions  are  concerned  with 
soil  conservation,  notably.  ' 

Central  Soil  and  Water  Conservation  Rcse;  uch  and  Tram-* 

ing  Institute  (ICAR).  Dehra  Dun 
Central  Arid  Zone  Research  Institute.  Jodh|  m 
Central  Soil  Salinity  Research  Institute.  Kai  nal 
Indian  Grassland  and  Fodder  Research  Insli  lute.  Jhansi 
Soil  Conservation  Directorate.  Fandabad. 
Forest  Research  Institute  and  Colleges.  Deh  ra  Dun 

Their  Ixidgets  are  too  small,  howeve  r.  to  make 
dramatic  impacts.  -s^ 

Land  Devetopment.  Approximate  co  st  per  hec- 
tare of  development  of  land  for  agricult  ure  in  1970 
was: 

Rupees 

Ravines       6.000  (including  cost  of  irngation) 
Alkali  soil     5.000-^.000  (including  cost  of  irrigalion) 
Terracing  3.00O-5.00O 

Anticipated  crop  production  tor  each  additional 
hectare  of  land  recovered  is  2-3  tons-  of  food 
grains. 

INDONESU 

Forestry.  Total  land  ar^n  in  Indonesia  is  190.5 
million  hectares.       this,  about  122.2  million 
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hectares  are  iii  forests.  The  most  common  esti- 
fttate  of  the  cuiTent  rate  of  deforestation  is  400,000 
,  hectares  per  year.  The  most  important  cause, 
accounting  for  at  least  half  of  the  total,  is  slash 
and  bum  agriculture  on  islands  other  than  Java, 
Madura,  and  Etali.  The  next  most  important  cause 
of  deforestatio  n  i$  considered  to  be  unwise  land 
use,  i.e.,  cuhivating  too  high  up  mountain  slopes. 

No  data  on  whether  good  forestry  practices  are 
being  used  wsis  obtained.  About  50  million  hec- 
tares of  fore!^  cutting  concessions  have  been 
granted.  The  c concession  agreements  include  regu- 
lations regarding  methods  and  rates  of  cutting, 
size  of  trees  that  can  be  cut,  replanting,  etc. 
However,  enforcement  of  the  regulations  is  diffi- 
cult. Therefore,  forestry  practices  vary  greatly 
fh>m  concessi  on  holder  to  concession  holder. 

River  and  dam  siltation,  flooding,  etc.,  are 
serious  problems,  especially  on  Java,  but  no 
quantitative  d  ata  on  this  problem  were  uncovered. 

The  government  has  two  programs  for  returning 
land  to  forest  or  agricultural  productivity:  the 
reforestation  program  and  the  ''greening**  pro- 
gram. The  re  forestation  program  is  carried  out  by 
the  Directors  Ue  General  of  Forestry  on  govern- 
ment-owned 4and;  I  600  trees  (usually  pine  spe- 
cies) per  bc;ctare  are  planted.  Costs  for  this 
program  arc  Ixom  30,0(K)-60,00arupiah  (415  rupiah 
equal  one  U.S.  dollar)  per  hectare  in  the  first 
year,  15,000-30,000  rupiah  in  the  second  year, 
and  7,500  in  the  third  year.  The  greening  program 
is  carried  ou  t  by  the  Department  of  Public  Works 
with  Inpres^C  (presidential  instruction)  money  and 
in  cooperati  on  witbi  the  Department  of  Interior. 
Under  this  program  600  y-ees  per  hectare  are 
planted,  usually  agricultural  species  such  as  fruit 
trees,  cloves,  oil  palm,  etc.  The  government 
subsidy  is  ^i6,250  rupiah  per  hectare  when  terrac- 
ing is  requii'ed,  and  5,250  rupiah  without  terracing. 

The  amount  of  land  rehabilitated  under  tnese 
programs  since  1972  is  shown  below  (in  thousands 
of  hectares):  ,  ^ 


Refute  sta- 

turn 

Greenmn 

Total 

1972/73 

82  7 

42  3 

12^0 

1973/74 

78  8 

40  0 

1188 

1974/75 

84  3 

57  0 

141  3 

19^5/76 

25  3 

37  8 

63  1 

1976/77 

162  8 

302.6 

.465  4 

1977/78  (Projccled) 

800 

1978/79  (Projected) 

1000 

One  s<3urce  stated  that  probably  only  about  60 
percent  of  ihe  total  figure  for  1976^77  was  actually 
achieved.  Sliortages  of  trained  field  workers  is 
one  of  the  main  limiting  factors  to  expansion  of 


the  program.  The  Directorate  General  of  Forestry 
is  training  about  2,500  new  field  workers  a  year  to 
attempt  to  overcome  the  problem.  The  effective- 
ness of  the  greening  program  Is  highly  variable. 

The  objective  of  the  twp.  programs  is  to  even- 
tually rehabihtate  a  total  of  42  millk)n  hectares  of 
land  ^classified  as  follows  (in  millions  of  hectares): 


Dry  agncultural  land 
"Alang^afang"  grassland. 

abandoned  land,  and 

other 
Deforested  land 
,  Total 


Critical 
Condition 
3 


13 
4 

20 


Other 


3 

19 

22 


Total 
3 


16 
23 
42 


Soil.  While  agricultuial  land  is  being  lost,  very 
little  data  exist  to  describe  the  extent  of  the  problem. 
One  study  of  the  upper  Solo  River  Easin  in  central 
Java,  one  of  the  most  intensely  cultivated  are^s  in 
the  country  shows  erosion  in  some  places  of  as 
much  as  4  cm  annu^ly. 

Land  Pevetopment.  No  data  were  located  on 
what  it  costs  to  bring  an  additional  hectare  of  land 
into  development.  However,  the  Minister  of  Re- 
h  search  estimated  that  a  total  of  41  million  hectares 
of  land  could  Jtit  brought  into  cultivation  in 
Indonesia 

YIeW  Gains.  The  Central  Research  Institute  for  ^ 
Agriculture  in  Bogor  has  estimated  yields  that 
could  be  otained  by  farmers  using  already  avail- 
able technology  for  the  following  crops: 


Corn 
Rice 

Soybeans 
Cassava 
Sweet  potatoe> 


Current  Potential 
{metfic  tons) 

I  2  4 

I  3  5 

76  2 

9  30 

8  1  30 


LIBERIA 

Fpiestry;  In  an  attempt  to  diversify  its  economy 
from  dependence  on  iron  ore  and  rubber,  the 
government* of  Liberia  has. started  to  impiement  a 
1976  feasibility  stiidy  on  oij  palm  and  coconut 
plantations..  The  study  Calls  for  the  establishment 
of  22,500  acres  of  industrial  oil  palm  estates, 
15,000  acres  of  siViallhoider  oil  palm  plantations, 
and  20,000  acres  of  smallholder  coconut  planta- 
tions in  eastern  Liberia.  The  total  cost  of  the 
project  k  estimated  at  $89.8  million,  and  the 
average  rate  of  return  is  projected  at  about  6.5 
percent.  Foreign  loans  and  grants  have  been  or 
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wUI  be  obtained  to  finance  the  project.  Its  imple- 
mentation has  been  delayed  by  failure  to  get  the 
target  acreage  of  2,500  acres  cleared  at  one  of 
three  sites  in  1977.  There  is  some  a^iprehension 
that  the  1978  goal  of  clearing  5,000"acres  of  land 
may  not  be  attained. 


MALAYSU 

The  embassy  has  collected  as  much  data  as 
possible  on  areas  concerned.  In  many  cases  the 
data  is  "unofficial,"  and  many  of  the  comments 
are  bubjective  in  nature.  . 

Forestry.  Over  the  past  10  years  Malaysian 
forests,  primarily  in  the  States  of  Sabah  and  , 
Sarawak,  have  been  logged  at  the  rate  of  500,000 
acres  per  year.  Malaysia  is,  however,  starring  to 
become  nwrc  conservation  conscious,  and  small- 
scale  replanting  programs  have  been  started  in 
various  parts  of  the  country, 

Sofl.  While  agricultural  land  is  presently  being 
lost  due  to  deforestation,  exhaustion  of  soil  fertil- 
ity, and  shifting  cultivation,  it  is  not  possible  to 
quantify  the  amounts  of  land  involved.  The  ^^a- 
laysian  Agricultural  a«d  Research  Development 
Instfnjte  the  Rubber  ?lesemh  Institute,  and  the 
Forest  Department  are  involved  in  soil  conserva- 
tion efforts. 

Land  Development.  Malaysia  has  a  unique  land 
development  approach,  operated  by  the  Federal 
Land  Development  Authority  (FELDA).  FELDA's 
approach  is  to  provide  all  necessary  infrastructure, 
r.e.,  housing,  roads,  schools,  etc.,  as  well  as  to 
open  new  land  and  plant  it,  usually  with  rubber 
-  and  X>ii  palm.  This  approach  is  more  expensive 
than  many  others,  and  FELDA  reports  that  they 
spend  $3,000  per  acre  for  developing  rubber  land 
and  $2,800  per  acre  for  developing  palm  oil  land. 
Th^  government  of  Malaysia  plans  to  develop  1 
million  cz^^es  in  this  manner  during  the  third 
Malaysia  plan  (1976^). 

Yield  Gains*  Yield  gains  through  technological 
change  are  difficult  to  estimate.  Malaysia's  corpo- 
rate agricuhun;  is  very  progressive  and  quick  to 
take  advantage  of  changes  in  technology.  Past 
experience  has  shown  that  smallhoWers  are  more 
conservative  in  their  acceptance  of  changes,  but 
they  dW  i^ily  accept  new  rice  varieties  when 
tvvin  yiekJ,  disease  resistance,  and  pest  resistance 
were  demonstrated «  Government  estimates  on 
where  the  country  will  be  in  1981  are  contained  in 
the  third  Malaysia  plan. 


MAURTTANU 

Forestry.  Inquiries  confirm  that  problems  of 
deforestation  and  land  degradation  are  indeed 
acute  IjOgi^lOS  meaningful  data  exist  on  rate 
of  loss.  utticiaK'  concerned  with  the  problem  cite 
the  rapid  loss  already  of  small-tree  population 
here  as  due  to  the  practk^e  of  brealcing  instead  of 
cutting  branches  to  enable  small  animals  to  feed 
and  to  the  use  of  live  trees  for  charcoal  produc- 
tion. The  extent  of  the  concern  about  reforestation 
is  best  illustrated  by  the  fact  that  the  325  hectare 
project  run  by  the  Lutheran  Fcderatwn  outside  of 
Nouakchott  is  the  only  known  reforestation  effort 
in  Mauritania. 

Soli  and  Land  Devekipment.  Information  is 
limited  to  the  visible  evklence  that  desertificatk>n 
is  an  active  process. 

MEXICO 

Soil  erosk>n  is  one  of  Mexk:o*s  greatest  prob- 
lems. The  government  has  recently  launched  a 
National  Rrforestatk)n  and  Social  Betterment  Pro- 
gram in  the  state  of  Jilotepec  as  part  of  the  Portillo 
Administratk>n*s  "Alliance  for  Production."  The 
intent  of  the  new  program  is  to  halt  erosion, 
protect  the  environment,  and  promote  forestatk)n. 
Various  government  iigencies  will  l^e  involved  in 
this  effort. 

^  The  fbliowing  analysis  is  based  largely  on 
^'unofffcial**  data  and  observations  of  k^y  person- 
nel in  soil  and  water  conservation  at  the  Agricul- 
ture and  Water  Resources  Secretariat  (SARH). 

Fcres^ry.  We  have  no  estimate  of  total  defores- 
tation in  Mexico,  but  have  a  partial  estimate 
showing  that,  in  tropkral  zones  only,  some  80,000 
hectares  annually  are  being  subjected  to  slash  and 
bum  technkjues,  which  leads  at  best  to  two  good 
harvests.  Then  the  land  is  lost.  Good  forestry 
practices  have  not  been  used  until  now  (with 
some  exceptk)ns).  As  noted  above,  a  major  refor- 
estation program  is  just  beginning.  Whether  the 
new  program  will  prove  adequate  has  yet  to  be 
determined. 

Sdl.  We  have  no  figures  but  are  convinced  that 
all  the  processes  [mentk)ned  in  the  questk)ns  on 
soil]  are  occurring  here  and  contributing  to  signif- 
icant loss  of  agricultural  land  to  cultivatfon.  SARH 
is  concerned  with  tlie  problem,  but  efforts  to  date 
have  not  markedly  reduced  the  deterioration. 

Land  Development.  It  is  estimated  that  it  costs 
50,000  to  60,000  pesos  to  develop  an  additional 
hectare  of  irrigated  land  (22.6  pesos  equals  one 
U.S.  dollar).  Seasonal  land  can  be  developed. 
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with  drainage,  for  25,000  to  30,000  pesos  per 
hectare.  Some  12  million  hectares  have  a  potential 
for  irrigated  cultivation,  and  some  18  million 
hectares  for  seasonal  cultivation.  An  eightfold 
increase  in  crop  production  is  said  to  be  theoreti* 
cajly  possible  by  the  year  2000,  though  there  are 
doubts  that  this  could  really  be  brought  about  in 
practice. 

Yield  Gains.  No  data  were  available  on  yieKl 
gains  attainable  from  technological  change. 

PAKISTAN 

Reliable  data  on  the  questions  posed  are  rare. 

Forestry.  The  Himalayan  region  of  Pakistan  has 
never  been  heavily  forested.  Only  3.4  percent  of 
Pakistan's  200  millk)n  acre  land  area  is  generally 
reported  as  forested.  This  compares  with  1%S 
estimates  that  9.8  percent  of  West  Pakistan's  land 
was  forested  at  the  time  of  partition.  Available 
data  are  insufficient  to  permit  estimating  the  net 
Vate  of  i^eforestation  taking  place  or  to  test  the 
high  rate  suggested  by  the  two  figures  above,  but 
nearly  ail  estimates  are  that  there  is  a  net  loss. 

The  Pakistan  Statistical  Yearbook  of  1976  cites 
a  21.45  million  cubic  feet  total  out-turn  from 
forests,  of  which  7.8  millk)n  cubic- feet  were  used 
as  timber  and  13.6  millk)n  cubic  feet  for  fire  wood, 
a  nearly  2:1  ratio  of  firewood  to  timber.  The 
importance  of  fireWbod  as  a  fuel  was  confirmed 
from  a  1975  Survey  of  Households  and  Establish- 
ments, which  showed  firewood  as  the  principal 
source  of  energy  for  both  urban  and  rural  house- 
hokls  in  all  strata  sampled.  There  is  no  apparent 
public  or  private  concern  over  these  practices. 
Plans  to  limit  forest  gleaning  were  stymied  by 
''grandfather  clauses''  permitting  families  engaged 
in  the  timber  business  at  the  time  of  the  legislation 
to  retain  their  means  of  livelihood. 

Pakistan's  high  rate  of  population  growth  (3 
percent  plus)  amplifies  the  pressure  of  the  rural 
and  Islndless  poor  on  the  resources  of  the  land, 
and  a  steady  depletion  of  woodland  has  been  the 
result.  M^y  landless  poor  have  minor  livestock 
such  as  goats,  whkh  destroy  ground  cover.  Ac- 
cording to  Erik  P.  Eckholm,*  both  the  needy  and 
the  entrepreneurs  are  forced  to  poach  for  fuel- 
wood  in  the  protected  (and  economically  and 
ecologically  essential)  national  forest  reserves. 

Fhe  scale  of  the  problem  overwhelms  scattered 
attempts  to  reverse  the  negative  trends.  Good 
forestry  practices  are  .not  implemented,  and  no 
one  really  knows  how  much,  if  any,  effective 


♦  •  The  Other  Energy  Crisis:  Firewood/'  Washington: 
WorMwatch  InMitute.  1975. 


reforestation  is  taking  place.  EHspjption  .of  wa- 
tershed cover  is  responsible  for /declining  soil 
fertility,  accelerated  soil  erosion,  ^d  increasingly 
severe  flooding. 

The  silt  load  in  the  Indus  Basin,  the  principal 
hydrok)gk:al  system  of  Pakistan,  is  high,  particu- 
larly on  the  upper  reaches  of  the  Indus  River  itself 
before  it  joins  with  the  other  less  heavily  silted 
msyor  rivers  of  the  system.  At  Tarbela,  the  silt 
load  has  been  estimated  at  440  millk)n  tons  a  year. 
The  forestry  institutes,  which  direct  the  few 
programs,  have  proven  to  be  inadequately  fi- 
nanced and  unable  to  meet  either  the  inimediate 
or  long-term  needs  of  forest  preservation. 

Soil.  Data  'on  soil  conservation  efforts  in  re- 
sponse to  problems  of  erosion,  salinity,  and  water- 
logging is  also  impressionistic.  There  is  some 
concern,  and  work  on  the  problem  is  being  carried 
out,  but  a  comprehensive,  quantitative  picture  is 
n^i  yet  available.  Quantifiable  data  are  being 
gathered  by  a  World  Bank-managed  study  on  tlie 
Indus  Basin,  with  soil  salinity  surveys  over  a  very 
wide  area.  Data  are  now  being  processed  by 
computer,  and  preliminary  results  on  rate  of  soil 
loss  through  saJinjty  may  be  available  from  the 
World.  Bank.  Tik  iow  values  of  output  per  capita 
in  Pakistan,  wl^ther  measured  in  terms  of  value 
or  of  nutritional  content,  reflect  the  fact  that 
agricultural  yields  in  the  area  are  among  the 
lowest  of  all  countries  wlwre  agriculture  i5>  prac- 
ticed on  a  large  scale.  Not  only  are  farm  yields 
low  in  Pakistan,  but  their  growth  continues  to  be 
constrained  by  a  low  rate  of  investment  in  both 
inputs  and  infrastructure  in  comparison  to  need. 

As  to  wateriogging,  the  water  table  represents  a 
dynamic  equilibrium  among  evaporation,  infiltra- 
tion of  river,  rain,  and  irrigation  water,  and 
underground  flows.  This  equilibrium  has  been 
upset  by  leakage  from  the  new  water  leourses  and  - 
overwatering  of  fields.  By  some  estimates,  at  least 
a  third  of  the  water  diverted  to  the  canals  perco- 
lates downward  to  the  water  table,  greatly  increas- 
ing the  overall  rate  of  infiltration.  Most  serious  is 
the  capillary  rise  and  evaporation  of  the  under- 
ground water  that  occurs  whenever  the  water 
table  is  within  10  feet  of  the  surface.  In  an  area 
where  underground  water  has  a  salinity  of  1,000 
parts  per  millk)n,  evaporation  at  a  rate  of  2  feet 
per  year  (a  typical  value  where  the  water  table  is 
only  a  few  feet  deep)  will  raise  the  salt  content  of 
the  top  3  feet  of  soil  to  about  1  percent  in  20 
years.  This  is  said  to  be  too  high  for  even  the 
hardiest  crops. 

Ground-water  evaporation  is  only  one  of  the 
causes  of  high  salinity  in  the  soils  of  the  Punjab. 
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Irrigation  practices  have  also  contributed  to  salt 
accumulation.  Percolation  through  the  silt  soils  is 
slow;  consequently,  sonfie  of  the  irrigation  water 
^  washes  down  very  far  beneath  the  root  zone 
before  it  evaporates,  and  the  residue  of  salt  left 
by  evaporatiort  remains  in  the  upper  soil  layers. 
In  the  Indus  Plain,  according  to  a  special  IBRD 
study,  an  estimated  18  million  acres  should  be 
reclaimed.  This  is  roughly  20  percent  of  the  canal- 
irrigated  area  and  15  percent  of  the  cultivated  area 
in  the  Punjab  District  within  the  Indus  Plain. 

Fifteen  years  ago,  waterlogging  and  salinity 
damage  in  the  Punjab  reached  serious  proportions. 
Investigators  were  convinced  it  could  be  cured  or 
arrested  -in  areas  of  relatively  fresh  and  usable 
ground-water  by  constructing  a  system  of  lajge 
wells  to  provide  vertical  drainage.  This*  program 
continues  and  is  having  success,  but  a  consensus 
is  growing  that  sizable  investments  on  surface 
drainage  will  aJso  be  required.  A  further  problem 
is  that,  as  drainage  is  used  to  reduce  the  rate  of 
salinization  In  the  upper  InduTlrrigation  system, 
the  salt  content  of  water  used  by  farmers  on  the 
lower  Indus  in  the  Sind  increases. 

A  critical  area  for  research  and  analysis  is 
finding  the  extent  and  significance  of  soil  deteno- 
ration  as  a  consequence  of  the  salt  or  of  the 
conjunctive  use  of  marginal  quality  ground-water. 
What  are  the  forms  of  deterioj-ation?  It  is  difficult 
to  obtain  a  firm  quantitative  measure  of  the  effect 
that  waterlogging  and  salinity  have  had  on  agricul- 
tural production,  and  shifts  in  cropping  patterns 
have  occurred  in  response  to  other  factors  as  well. 
However,  the  costs  in  human  terms  have  been 
substantial. 

Land  Development.  This  question  is  too  generaJ 
and  the  problem  it  addresses  contains  too  many 
interdependent  variables  for  a  reasonable  estimate 
to  be  given.  There  are  too  many  mixed  costs, 
depending  on  whether  it  is  hill  land  that  needs  to 
be  terraced  or  irrigated  land  in  which  salts  must 
be  leached  out— or  if  there  is  an  extension  of  an 
irrigation  system  to  previously  unimgated  lanth 
Regarding  ^additipns  to  crop  production,  there  K 
the  generally  acknowledged  dilemma  of  resolving 
uncertain  yield  potentials  of  present  agricultural 
technology  and  feasible  methods  by  which  this 
new  technology  can  be  communicated  to  farmers. 

Yield  Gains.  Agricultural  output  in  Pakistan  is 
limited  by  adverse  physical  conditions  and  other 
factors.  The  total  cultivated  area  is  increasing  at 
about  1.3  percent  a  year  and  agricultural  produc- 
tion methods  hold  the  output  per  acre  virtually 
constant  in  a  situation  of  rapid  population  growth. 
The  traditional  practices  governing  the  timing  and 


amount  of  distribution  of  water  among  farmers  are 
often  inappropriate  but  difTicult  to  change.  In 
addition  to  ^ch  physical  constraints  as  salinity 
and  waterlogging  (and  financial  ones  like  a  lack  of 
resources  to  invest  in  the  use  of  fertilizer,  high- 
yield  varieties,  and  pesticides)  farmers  aie  often 
reluctant  to  risk  trying  new  methods  of  cultiva- 
tion. These  factors  all  hold  agricultural  production 
down. 

SENEGAL 

The  following  sketchy  information  Wi.  obtained 
from  local  sources,  the  few  studies  available,  and 
the  government's  fifth  quadrennial  plan. 

Foresty.  The  Department  of  fiaux  et  Forets 
reports  show  that  approximately  100,000  tons  of 
charcoal  are  consumed  annually  for  fuel  in  Sene- 
gal. Of  this,  80  percent  ts  used  in  the  Cap  Vert 
region.  This  represents  500,000  tons  of  wood,  or 
all  the  wood  produced  on  10,000  ha  of  unclassified 
forests.  At  present,  Eaux  et  Forets  reports,  all 
unclassified  forests  in  the  Cap  Vertathies  area  are 
depleted.' Eaiix  et  Forets  defines  an  unclassified 
depleted  forest  as  one  where  all  first  growth  wood 
Kas'  been  removed  and  shrubs  have  taken  over. 
This  type  growth  will  yield  0.5  to  0.7  tons  of 
charcoal  per  hectare  per  year,  whereas  a  properly 
managed  forest  under  average  Senegal  conditions 
vvill  yield  5.5  to  7  tons,  taux  et  Forets  further 
estimates  that  all  unclassified  forests  in  Senegal 
will  be  depleted  in  30  years  at  the  present  rate. 

Indications  in  reports  are  that,  in  addition  to  the 
heavy  fuel  requirement  for  wood,  extensive  burn- 
ing and  uncontrolled  grazing  are  doing  as  much 
damage  as  rapid  harvest  for  charcoal  and  other 
wood  productr>.  The  government  of  Senegal  rec- 
ognizes the  problem  as  reflected  in  their  fifth  four 
year  plan  (i.e.,  planned  expenditures  of  more  than 
$40  million  through  Eaux  et  Forets  for  such 
projects  as  forest  seedling  nurseries,  forest  reserve 
management,  new  forest  preserves,  fire  protec- 
tion, and  windbreak  and  village  woodlot  plant- 
ings). 

Soil.  Datawtth  respect  to  soil  are  weak.  Of  the 
approximately  2,300,000  hectares  of  land  classed 
as  permanent  cropland,  822,000  are  badly  eroded 
from  wind.  On  the  erosion  scale  of  USDA's  Soil 
Conservation  Service,  this  would  probably  be 
classed  as  a  level  1  erosion.  Based  on  a  I  to  5 
scale,  with  1  being  slight,  this  erosion  is  critical. 
An  additional  1,000,000  hectares  would  be  classed 
as  a  level  2  erosion.  The  remaining  approximately 
500,000  hectares  would  actually  gain  some  soil 
from  windblown  deposits  and  water-eroded  sedi- 
ment. Reports  and  studies  done  by  USAID  in 
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project  planning  indicate  the  practice  of  allowing 
land  to  lie  fallow  is  the  exception  rather  than  the 
rule,  thus  indicating  very  strong  pressure  on  the 
land  The  fifth  foMr  year  plan  (1977-*!)  recognizes 
the  need  for  improvements:  $45  million  in  projects 
affeclmg  basic  food  crops  (i.e.,  cereals,  crop 
rotation,  fertilizers,  etc.).  Additionally,  approxi- 
mately $50  million  are  planned  for  irrigation  proj- 
ects during  this  same  period. 

Land  Development.  Little  information  exists 
that  would  show  that  additional  land,  other  than 
through  irrigation,  is  available  to  bring  into  pro- 
duction. Estimates  of  new  land  that  could  be 
irrigated  with  water  available  or  water  that  could 
b*  developed  would  not  exceed  300,000  hectares 
at  a  (iost  of  $5,000  per  hectare.  This  would 
represent  an  investment  requirement  of  $L5  bil- 
lion dollars.  ^ 

Yield  Gains.  Yield  gains  under  proper  manage- 
ment of  raiiifed  agriculture  (i.e.,  crop  rotation, 
water  conservation  measures,  weed  control,  fertil- 
izer, and  better  varieties)  could  double  yields  on 
traditional  crop  lands.  Again,  some  effort  is  being 
made  by  the  government  and  outside  donors. 

SVDAN 

not  have  a  high  degree  Oi  confidence  in 
the  data,  but  the  consensus  is  that  desertificati<Jn 
and  deforestation  problems  in  the  Sudan  are  very 
serious. 

*  Forestry.  Annually,  about  3  million  acres  are 
cleared — 2  million  for  mechanized  crop  production 
and  1  million  for  traditional  agriculture  and  forest 
products.  Only  inside  forestry  reserves  (0.5  per- 
cent of  the  total  area  of  the  Sudan)  are  good 
forestry  practices  followed.  Expansion  of  forestry 
reserves  is  planned  to  cover  15  percent  of  the 
Sudan  by  2000.  Within  reserves  reforestation  is 
taking  place  a*  the  rate  of  50,000  acres  per  year. 
Existing  forests  are  showing  severe  signs  of  stress. 
Overgrazing  is  common,  and  500,000-800,000 
square  kilometers  are  burned  each  year,  removing 
about  300  million  tons  of  foliage.  Fuel  wood 
consumption  is  estimated  at  30  million  stacked 
cubic  meters.  (Nomadk:  tribes  uproot  about  550 
million  acacia  trees  annually  for  firewood.)  De- 
forestation has  caused  a  pronounced  problem  in 
many  water  courses  in  central  Sudan.  Desertifica- 
tion is  moving  southward  at  a  rate  of  5-6  kilome- 
ter per  year,  according  to  a  1975  study  of  the 
National  Council  of  Re«  nrch.  Other  sources  think 
the  movement  may  be  .aster — perhaps  8-10  kilo- 
meter per  year.  Institutional  programs  to  improve 
forestry  generally  are  inadequate. 


Soil.  As  indicated  by  the  above  desertification 
statistics,  Substantial  agricultural  land  is  being  lost. 
About  600,000  acres  in  northern  Sudan  are  af- 
fectcrd  by  salinity  problems.  Sheet  and  gully 
erosion  are  common  problems.  No  unit  per  time 
estimates  are  available  of  lo^^  of  agricultural  soil. 
Current  rainfed  mechanized  agricultural  tech- 
niques generally  require  abandonment  of  cultiva- 
tion after  about  five  years.  Introduction  of  differ-^ 
ent  technologies  perhaps  could  have  a  major 
iripact.  Various  institutions  exist  to  promote  soil 
conservation,  but  they  are  inadequately  staffed. 

Land  Development.  Land  development  costs 
vary  substantially.  Irrigated  land  can  be  developed 
for  about  $2,000  per  acre.  These  have  been  almost 
entirely  public  costs.  However,  in  terms  of  new 
private  sector  agriculture  developments,  Sudan 
has  started  some  concessionary  assistance  for 
infrastructure  (pumps,  canals)  whereas  at  the  time 
of  project  incej^tion  all  of  these  costs  were  to  be 
borne  by  the  project.  Costs  of  development  of 
mechanized  rainfed  areas  are  about  10  percent  of 
irrigated  costs  and  generally  are  private  costs. 
Expansion  of  arable  land  will  have  substantial 
impact  on  crop  production.  About  500,000  addi- 
tional acres  of  irrigated  land  will  be  added  in  the 
next  two  to  three  years,  and  other  projects  to 
irrigate  more  than  1  million  acres  may  be  started 
in  the  next  five  years.  Cultivation  of  3-4  million 
additional  rainfed  acres  is  also  projected  in  the 
next  six  years. 

Yiekl  Gaias.  Scattered  estimates  are  available 
of  what  changes  a  particular  technology  would 
produce.  However,  in  isolation  these  statistics  are 
not  very  useful.  Concerning  the  2.3  million  acre 
Gezira  scheme,  several  agronomists  have  com- 
mented that  they  believe  that,  with  modest  capital 
inputs  and  some  new  technologies  and  incentives, 
production  could  be  doubled  or  triple^l  within  five 
years.  Changes  in  rainfed  technology  also  proba- 
bly could  achieve  great  increases  in  yields,  partic- 
ularly for  acreage  that  has  been  cultivated  for 
more  than  two  years. 

THAILAND 

Sulmmary*  The  late  of  deforestation  in  Thailand 
is  accelerating  and  far  outstrips  efforts  to  control 
it.  Less  than  39  percent  of  the  total  land  area 
remains  in  forests;  at  the  present  rate,  this  will 
drop  to  17  percent  by  1981  and  effectively  to  zero 
by  the  end  of  the  decade.  Agricultural  land 
expanded  by  20  percent  from  1971  to  1975  at  the 
expense  of  the  forests,  but  problems  of  water 
control  remain  more  significant  than  land  availa- 


APPENDIX 


735 


bilhy.  Only  5.6  million  hectares  of  land  are 
inigated  or  irrigable,  ami  12  percent  of  this  land  is 
in  the  northeast,  the  r^n  most  susceptible  lo, 
drought  and  flooding.  High  costs  of  irrigation  and 
technological  innovation  preclude  rapid  dis^mi- 
nation  of  more  modem  services  and  facilities  to 
the  nutfority  of  Thai  farmei^. 

Forc^ry.  One  of  the  more  significant  problems 
facing  Thailand  now  and  in  the  immediate  future 
is  the  excessive  rate  of  deforestation.  Based  on 
satellite  imagery  trom  the  Earth  Resources  Tech- 
nology Satellite  ERTS-1  in  1973,  it  was  reported 
that  the  area  of  forest  in  Thailand  totaled 
v^_^ 20,074,900  hectares,  or  39  percent  of  the  country. 
An  earlier  study  (1970)  demonstrated  that  the 
annual  consumption  of  wood  and  wood  products 
in  Thailand  averaged  63.5  million  cubic  meters 
(mem),  of  which  12.0  mem  was  sawnwood,  1.5 
mem  poles,  and  50.0  mem  fuelwood  requirements. 
A  survey  of  Thai  forests  determined  that  532,000 
hectares  of  forest  were  required  to  satisfy  such 
needs  with  an  additional  255,000  hectares  of  forest 
also  lost  annually  for  shifting  cultivation,  or  a  total 
of  1 . 14  million  hectares  of  forest  cieared  in  1970. 
Assuming  that  the  rate  of  consumption  will  in- 
crease in  proportion  to  the  rate  of  population 
growth,  or  2.55  percent  per  year,  it  is  estimated 
that  there  will  remain  less  than  9  million  hectares 
of  forest  in  Thailand  in  1981,  or' 17  percent  of  the 
country,  and  by  1987  the  entire  fcyiest  area  of 
Thailand  will  be  eflfectively  cleared^ 

The  Royal  Thai  government  has  recognized  the 
seriousness  of  the  deforestation  problem  and  has 
enacted  measures  to  control  it.  There  is  already 
an  established  system  of  national  pai  ks  and  game 
preserves  covering  2.26  million  hectares,  or  4.39 
percent  of  the  country.  In  addition,  all  areas 
above  600  meters  elevation  are  protected  by  law 
against  any  logging  or  clearing  for  cultivation. 
These  laws  hold  little  relevance  for  the  hill  tribes 
system  of  shifting  cultivation.  The  government 
reforestation  program  claims  some  success  to 
date:  94,000  hectares  of  new  forest  have  been 
replanted  in  tlie  10  years  ending  in  1976.  Plans 
call  for  an  additional  320,000  hectares  of  forest  to 
be  replanted  each  year  over  the  next  five  years. 
While  this  target  falls  far  short  of  the  yearly  rate 
of  deforei^tation  and  is  far  beyond  the  present  rate 
of  reforestation,  it  does  represent  an  increasing 
officiai  awareness  of  the  seriousness  of  the  prob- 
lem. However,  despite  all  effbris  to  preserve  the 
remaining  forests  and  to  replant  those  already 
cleared,  illegal  log  poaching  and  subsequent  illegal 
cultivation  of  forest  land  persists.  A  very  rough 
estimate  of  the^cost  to  a  log  poacher  to  clear  a 


single  hectare  of  forest  with  modem  equipment  is 
$600.  Squatters  moving  into  the  cleared  area  can 
cultivate  the  land  for  one  to  two  years,  but  by  th^ 
fhird  yejur  it  has  been  taken  over  by  imperata  and 
„  pofnisetuna  grass— pest  grass  that  effectively  pre- 
vents further  cultivation.  The  pest  grasses  are 
particularly  vulnerable  to  fire  in  the  dry  seasons 
and  frequent  grass  fires  destroy  any  chance  for 
natural  reforestation  of  the  area.  The  result  is  tiiat 
without  some  assistance  by  man,  nature  jn  Thai- 
land cannot  arrest  or  reverse  the  destruction  of 
the  forest  once  begun  by  the  perpetrator,  man 
himself.  Present  government  reforestation  pro- 
grams do  not  balance  the  present  rate  of  defores- 
tation and  even  the  most  optimistic  estimates  of 
the  rate  of  destruction  offer  no  hope  of  significant 
forest  stands  in  Thailand  beyond  1993. 

i^and  Development.  Although  by  consensus  it  is 
agreed  that  agricultural  land  is  being  lost  to 
cultivation  through  problems  relating  generally  to 
water  control,  the  direCt  correlation  has  not  been 
quantified  to  date.  A  study  completed  by  the 
Ministry  of  Agriculture  and  Agriculture  Coopera- 
tive^ (MAAC)  in  1972  reveals  that  of  the  total 
area  of  land  in  Thailand,  51.4  million  hectares, 
only  about  29.7  million  hectares  are  suitable  for 
agricultural  production.  A  later  study,  in  1975, 
revealed  that  from  1971  to  1975  the  land  area 
devoted  to  farm  holdings  had  incieased  from  15.5 
million  to  18.6  pillion  hectares,  or  by  aboutr  20 
percent,  and  that  most  of  this  expansion  was  at 
the  expense  of  forested  areas.  During  the  same 
period,  the  MAAC  and  other  government  agencies 
noted  increasing  problems  of  alternate  flooding 
and  drought  in  the  north  and  northeast,  the 
regions  most  seriously  denuded  of  their  past 
extensive  and  protective  forest  areas.  Controlled 
water  availability  is  a  problem  at  least  as  signifi- 
cant in  agricultural  production  as  land  scarcity, 
and  MAAC  estimates  'Irrigable  land"  at  about 
3.2  million  hectares  and  ^'irrigated  land"  at  about 
2.4  million  hectares,  although  irrigation  is  primar- 
ily supplemenul  during  an  adequate  rainy  season. 
Less  than  a  third  of  a  million  hectares  represent 
areas  with  adequate  water  control  to  permit  dou- 
ble cropping.  It  is  of  interest  to  note  that  the 
jiorthwest  region,  the  region  in  which  virtual  total 
deforestation  has  been  achieved,  contains  only  12 
percent  of  the  total  irrigable  land. 

Yield  Gains.  Given  the  clos^  correlation  that 
exists  between  controlled  moisture  availability, 
crop  yields,  and  return  on  investments  in  pur- 
chased inputs,  it  is  quite  understandable  that  the 
poorest  farmers  are  found  in  those  areas  with 
limited  irrigation  facilities  and  unpredictable  rain- 
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fall  distribution  patterns. Thcsg  are  also  the  groups 
facing  the  greatest  risks  in  'terbs  ^f  technological 
innovation,  and  they  are  thus  pram^t^); follow  low- 
yield,  low-risk,  traditional  methocn  (rflproi»\tion. 
The  high  costs  of  irrigation  have  pr^cludxl  suffi- 
ciently large  scale  projects  that  might  benefit 
significant  numbers  of  poor  farmers,  and  without 
adequate  technology  adapted  to  the  prevailing 
rainfed  conditions  of  the  majority  of  Thai  farmers, 
little  relief  can  be  expected  in  the  foreseeable 
future. 

UPPER  VOLTA 

Forestry.  Deforestation  and  degradation  of  agri- 
cultural land  cannot  be  readily  quantified  because 
it  is  an  ongoing  process.  People  do  recognize  its 
extent  and  importance  because  they' feel  its  con- 
sequences. Rather  than  attempt  i<f  quaritify  it  in 
terms  of  aren  of  deforested  land  (which  depends 
on  the  definition  of  ''deforested"  and  which  has 
meaning  only  in  relation  to  the  prior  equilibrium 
density  of  forest  cover),  one  can  argue  that 
deforestation  and  degradation  are  better  measured 
in  terms  of  their  impact  on  people:  the  number  of 
people  made  hungry  by  declining  crop  yields,  the 
number  of  people  made  poorer  by  loss  of  live- 
stock, and  the  loss  of  revenue  from  agricultural 
and  forestry  activities  in  general  as  a  result  of 
decreased  productivity  of  the  resource  base.  It  is 
not  presently  feasible  to  add  up  from  year  to  year 
the  area  of  "deforested  land."  At  best,  one  can 
systematically  sample  the  density  and  coinposition, 
(species  present  and  their  relative  frequency)  of 
the  vegetative  cover,  in  order  to  document  the 
condition  and  trend  of  the  vegetation,  and  list  the 
formerly  abundant  species  that  have  become 
scarce.  Many  specie ^  that  play  crucial  roles  in 
protecting  agricultural  harvests,  in  maintaining  soil 
fertility  (and  thus  crop  yields),  and  in  forage 
prtMiuction  for  livestock  are  being  lost  through 
deforestation  and  land  degradation  processes. 
Similarly,  one  cannot  document  the  number  of 
hectares  "lost  to  the  desert"  from  year  to  year, 
as  there  is  no  advancing  boundary  (from  east  to 
west  below  the  Sahara)  between  desert  and  sa- 
vanna pasture  or  farmland.  Rather,  desertification 
is  also  a  process  reflecting  the  fact  that  land  has 
been  exploited  beyond  its  capacity  to  regenerate 
itself  and  to  sustain  its  productivity.  Declines  in 
the  productivity  or  in  the  biomass  of  the  vegeta- 
tion can  be  documented.  There  are,  however, 
such  tremendous  variations  within  small  areas  that 
regional  generalizations  are  of  doubtful  value.  For 
example,  several  hectares  in  the  forested  lowland 
may  be  more  productive  and  remain  so  in  spite  of 
increased  use,  while  several  adjacent  hectares  of 


eroded  uplands  are  much  less  productive  and  may 
lose  50  percent  of  their  potential  productivity  as  a 
result  of  small  increases  in  the  intensity  of  use. 

Regarding  forestry  practices,  the  government's 
Forest  Service  personnel  play  a  protective  role 
exclusively-T^j.e.,  they  attempt  to  regulate  the  cut 
on  essentialTy  unmanaged  forestland  by  prohibit- 
ing the  taking  of  live  wood.  There  are  less  than 
500  hectares  of  plantations  more  than  20  years 
old.  These  have  not  been  managed,  that  is,  there 
has  been  no  fire  protection,  no  thinning,  no 
planned  harvesting.  Since  1970,  several  hundred 
hectares  of  plantations  have  been  established,  but 
again  there  is  little  in  place  (personnel,  operating 
budgets,  equipment,  marketing  outlets)  that  would 
permit  their  long-term  management.  Some  natural 
forest  stands  have  been  inventoried.  However,  no 
treatments'have  been  prescribed  or  implemented 
except  on  an  experimental  scale.  In  brief,  forest 
management  and  forestry  in  general  have  y6i  to 
be  practiced  in  Upper  Volta  on  a  significant  scale. 
Before  thi^  can  be  done,  much  more  must  be 
learned  about  regenerating  local  species  and  natu- 
ral  stands,  about  the  silviculture  of  mixed — spe- 
cies/savanna forestland,  and  about  the  concepts  of 
planned  harvests  and  regeneration. 

Regarding  effective  reforestation,  only  several 
hundred  hectares,  mostly  eucalyptus  and  gmelina 
arborea,  had  been  planted  prior  to  1974.  Between 
1974  and  1977,  2693  hectares  have  been  planted  in 
four  different  projects.  By  1980  the  government 
plans  to  establish  over  5,000  hectares  of  mecha- 
nized plantations  for  firewood  production.  In 
summary,  we  can  conclude  that  population 
growths  in  Upper  Volta,  lack  of  firewood  planta- 
tions in  the  face  of  growing  demand,  misuse  or 
overuse  of  existing  resources,  and  climatic  disas- 
ters have  led  to  a  condition  where  forest  resources 
in  Upper  VoUa  must  be  characterized  as  "se- 
verely stressed.'' 

The  government  has  initiated  or  attempted  to 
initiate  programs  to  improve  jts  institutional  ca- 
pacity to  improve  forest  management  practices.  It 
has  undertaken  programs  to  increase  the  forestry 
school  student  capacity  and  has  developed  train- 
ing programs  to  enable  the  forest  service  to  absorb 
and  manage  larger-scale  reforestation  aild  forest 
management  programs.  Programs  and  initiatives 
have  suffered  from  lack  of  operating  funds  and 
lack  of  qualified  personnel,  particularly  at  the 
village  level. 

Soil.  Productivity  of  agricultural  land  is  being 
lost  annually  on  a  large  scale  from  erosion, 
laterization,  and  desertification.  Since  only  6,7(X) 
hectares  are  under  irrigation  in  Upper  Volta,  there 
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has  been  little  damage  from  salinization  or  water- 
logging. 

Soil  fertility  has  been  maintained  primarily 
through  spar^  and  sporadic  spreading  of  manure 
in  fields  close  t6TIorhesteads  and  through  a  system 
ol  crop  rotation  that  is  frequently  violated  by  the 
exigencies  of  pressures  to  meet  food  production 
necessities. 

Land  Development.  Under  the  auspices  of  the 
government's  Authority  for  the  Development  of 
the  Volta  Valleys  (AW),  a  program  has  been 
established  to  facilitate  settlement  and  develop- 
ment of  areas  cleared  of  the  black^fly,  which 
transmits  onchocerciasis  (riv;er  blindness).  Using 
the  program  as  an  example  ot  bringing  an  addi- 
tional hectare  of  land  into  cultivation,  we  estimate 
the  costs  to  be  about  $1,450  per  hectare.  This 
figure  represents  an  AW  program  that  costs 
about  $14,500  to  settle  a  family  into  a  river  basin 
(the  family  brings  about  10  hectares  into  produc- 
tion). This  AW  family  settlement  program  is  a 
costly  method  of  bringing  new  land  into  produc- 
tion in  Upper  Volta,  the  costs  of  which  are  borne 
as  a  public  expenditure.  In  contrast  with  the 
government-sponsored  AW  program  are  sponta- 
neous settlement,  resettlement,  and  expansion  of 
arable  land.  Although  reliable  figures  are  not 
available,  the  cost  per  hectare  associated  with 
spontaneous  settlement  would  be  significantly 
lower  than  the  AW  example  cited  and  the  cost 
would  represent  pnvate  rather  than  public  expend- 
iture. 

Yield  Gains.  Reliable  data  in  Upper  Volta  are 
not  readily  available  that  would  allow  us  to  state 
with  authority  how  much  of  crop  production  yield 
gains  are  attainable  from  or  attributed  to  techno- 
logical change.  One  reason  is  the  absence  of  base- 
line information  and  uneven  data  collection  pro- 
cedures. Another  reason  is  that  production  yields 
have  fluctuated  widely  ever  the  past  15  years. 
With  declines  registered  in  the  early  and  mid- 
19 /Os  because  of  the  drought.  Our  best  estimate 
is  that  over  the  past  15  years  about  a  20  p^cent 
crop  production  yield  gain  can  be  attributed  to 
technological  changes  such  as  introduction  of,  or 
improved  'use  of,  fertilizers,  pesticides,  animal 
traction,  irrigation,  and  timing  and  density  of 
production. 

Planning  projections  to  the  yenr  2000  by  the 
govei*nment  calls  for  doubling  ciop  production. 
Government  strategy  to  double  production  would 
be  brought  about  by  increased  productivity,  new 
and  improved  technology,  reducing  the  vulnerabil- 
ity of  agriculture  production  to  drought,  and  by 
opening  new  lands  to  cultivation. 


ZAIRE 

None  of  the  government  agencies  queried  has 
quantitative  data  with  projections  through  the  year 
2000.  Individual  studies  exist  for  certain  areas  of 
Zaire,  but  given  the  immense  variety  of  terrain, 
soil,  vegetation,  and  climate,  it  is  impossible  to 
extrapolate  and  generalize  for  the  entire  country. 
For  example,  AID/Zaire  is  preparing  a  study  on 
land  usage,  soils,  and  agricultural  yields  in  the 
region  of  northern  Shaba,  where  AID  is  com- 
mencing a  large-scale  maize  project.  However, 
conditions  there  are  completely  different  from 
mountainous  regions  in  Kivu  or  the  tropical  rain 
forests  of  the  Zaire  River  Basin.  The  information 
given  below  is  drawn  from  conversations  with 
Icnowledgeable  officials  and  advisees  of  the  gov- 
ernment. 

Forestry.  With  about  I  million  square  kilome- 
ters of  forests  (about  45  percent  of  the  land  area), 
deforestation  was  not  considered  a  problem  until 
recently.  Lumber  companies  have  done  relatively 
little  harm  over  the  previous  decades,  since  they 
cut  only  12  varieties  of  the  approximately  100 
kinds  of  trees  that  grow  in  Zaire.  Currently  about 
500,000  cubic  meters  of  wood  per  year  are  cut  for 
commercial  purposes,  and  about  one-third  of  that 
is  exported,  Ho  vever,  with  the  rapid  population 
increase  of  the  cities,  deforestation  around  urban 
areas  is  becoming  increasingly  evident.  Six  per- 
cent of  the  population  has  electricity,  and  the 
majority  cannot  afford  kerosene.  Consequently, 
the  government  estimates  that  about  20  million 
cubic  meters  of  wood  per  year  are  consumed  for 
heat  and  to  make  charcoal  for  cooking.  In  the 
re!a^!vely  heavily  po()ulated  region  of  Bas  Zaire, 
60  percent  of  the  forests  have  already  been  cut 
and  the  remaining  major  forest  of  iOO,000  hectares 
at  Mayombe  is  being  heavily  exploited. 

The  government  began  planting  trees  (mainly 
eucalyptus)  around  Kinshasa  and  in  Bas  Zaire  in 
1968.  The  goal  is  to  expand  the  activity  to 
deforested  areas  around  other  cities.  The  replant- 
ing brigade  is  currently  undef  control  t)f  the 
.  Bureau  de  Preservation  de  Terre  in  the  Depart- 
ment of  Environment,  Conservation  of  Nature, 
and  Tourism.  Previously,  lumber  companies  paid 
a  tax  to  Zaire  to  covei  reforestatioif  costs.  How-, 
ever,  the  government's  reforestation  efforts  in 
logged  areas  proved  inadequate,  and  in  a  speech 
on  November  25,  1977,  President  Mobutu  re- 
pealed the  tax  and  asked  lumber  companies  to 
assume  responsibility  for  replanting. 

Soil.  Although  erosion  has  been  accelerated  by 
mining  and  slash  and  bum  land  clearing,  especially 
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on  th^  Biano  Plateau  in  southeastern  Zaire,  lateri- 
zation  and  leaching  of  soil  is  endemic  to  most  of 
Zaire  due  to  extremely  heavy  rain  and  heat,  which 
breaks  down  humus.  In  the  areas  of  sandy  type 
soil,  there  is  more  siltation  due  to  increased  land 
utilization.  Ironically,  the  biggest  natural  pifoblem 
on  rivers  is  caused  by  rapidly  spreading  water 
hyacinth,  which  was  introduced  in  the  early  1960s 
anH  is  now  clogging  rivers  and  lakes.  The  previ- 
ously mentioned  Bureau  and  a  division  within  the 
Department  of  Agriculture  promote  soil  conserva- 
tion, but  their  efforts  are  inadequate. 

Land  Development.  In  a  country  where  50 
percent  of  the  territory  is  potentially  arable  but 
only  I  percent  is  actually  cultivated,  farmers  can 
increase  yield  more  rapidly  and  more  cheaply  by 
cultivating  new  land  rather,  than  by  investing  in 
technological  change.  Subistence  fanners  tradi- 


tionally clear  new  land  every  three  years,  allowing 
used  land  to  lie  fallow  for  12  years  or  so. 
Commercial  farmers  are  well  aware  that  yield 
increases  dramatically,  especiai  y  for  palm  oil  and 
certain  other  crops,  when  fertilizer  is  added  to 
leached  sofk-but  no  fertilizer  is  manufactured 
locally  and  the  current  shortage  of  foreign  ex- 
change has  made  fertilizer  very  scarce.  With 
completion  Of  the  Inga  Dam,  Zaire  will  have 
tremendous  electrical  production,  which  could  be 
used  for  manufacturing  fertilizer,  but  this  is  far  in 
the  future.  The  costs  of  bringing  additional  hec- 
tares into  production  differ  enormously  for  sub- 
sistence farmers  who  slash  and  bum,  and  com- 
mercial, mechanized  farmers.  Costs  to  commercial 
farmers  rise  dramatically  the  further  the  land  is 
located  from  highways,  railroads,  and  navigable 
rivers  Fuel  is  currently  veiy  scarce  in  the  interior, 
which  greatly  adds  to  the  cost  of  cultivating  new 
land  far  from  Kinshasa  or  Lubumbashi. 


Appendix  D:  Metric  Conversion  Factors 


U,was  intended  (hat  all  units  used  in  this  study  would  be  metnc.  Unfortunately,  in  the  rush  to  prepare  the 
manuscript  It  was  not  possible  to  maintain  uniformity  of  metric  units.  To  help  the  reader  convert  units  as 
necessary.  It  was  decided  to  include  an  appendix  of  conversion  factors.  The  best  table  conversion 
factors  that  the  Global  2000  Study  was  able  to  locete  was  the  following  alphabetical  list  prepared  S 
J^''^.^''^^^^^  ^^"^  '"^^'^"^^  of  Electrical  and  Electronic  Engineers  in 

Lm  ^K'^^^r^  .  letnc  Practice.  Copies  of  the  complete  report  (no.  IEEE  Std  268^1976)  can  be  obtained 
from  the  Institute  of  Electncal  and  Electronic  Engineers.  395  East  45th  St.,  New  York  N  Y  10017 


General:  The  following  tables  of  con- 
version factors  are  intended  to  serve  two 
purposes. 

To  express  the  definitions  of  miscel- 
laneous units  of  measure  as  exact  numerical 
multiples  of  coherent  *'.netrio"  units.  Rela- 
tionships that  are  exact  in  terms  of  the  base 
unit  are  followed  by  an  asterisk.  Relation- 
ships that  are  not  followed  by  an  asterisk 
are  either  the  results  of  physical  measure- 
ments or  are  only  approximate. 

To  provide  multiplying  factors  for 
converting  expressions  of  measurements 
given  by  numbers  and  miscellaneous  units  to 
corresponding  new  numbers  and^  metric 
units. 

Notation. 

Conversion  factors  are  presented  for 
ready  adaptation  to  computer  readout  and 
electronic  data  transmission.  The  factors  are 
written  as  a  number  greater  than  one  and 
less  than  ten  with  six  or  less  decimal  places. 
This  number  is  followed  by  the  letter  E  ^or 
exponent),  a  plus  or  minus  symbol,  and  two 
digits  which  indicate  the  power  of  10  by 
which  the  number  must  be  multiplied  to 
obtain  the  correct  value.  For  exam  pip: 
3.523  907  E-02  is  3.523  907  x  ICT^ 
or  0.035  239  07 

Similarly: 


or 


3.386  389  E+03  is  3.386  389  x  10 
3  386.389  ^ 


An  asterisk  (*)  after  the  sixth 
decimal  place  indicates  that  the  conversion 
factor  is  exact  and  that  all  subsequent  digits 
are  zero.  All  other  conver..on  factors  have 
been  rounded  to  the  figures  given  in  accord- 
ance with  4.4.  Where  less  than  six  decimal 
Places  are  shown,  more  precision  is  not 
warranted. 


Further  example  of  use  of  tables: 

To  convert  from-  to:    Multiply  by. 

pound-force  per  square  foot    Pa    4.788  026  E+01 

m     2.540  000*E-02 


inch 


means 


1  Ibf/ft^  -  47.880  26  Pa 
1  inch  -  0.0254  m  (exactly) 


Organization: 

The  conversion  factors  are  listed  in 
two  ways— alphab€uca;iy  and  classified  by 
physical  quantity.'  Both  lists  contfin  those 
units  which  ha."^  specific  naries  and  opm- 
pound  units  dpriv.i  from  these  specific 
units.  The  classified  list  contains  the  mc 
frequently  used  ur.ics  for  o"ch  physical  qua 
tity. 

The  convers-on  fiiCtors  for  other 
compound  units  can  easily  be  generated 
from  numbers  given  in  the  alphabetical  list 
by  the  substitution  of  converted  units,  as 
follows: 

EXAMPLE-  To  find  conversion  factor  of  Ib-ft/s  to 

first  convert  1  lb  to  0.453  f     ^  kg 

and  1  ft  to  0.3048  m 

then  substitute: 

(0.453  592  4  kg)-(0.3048  m)/s 

*  0.138  255  kg- m/s 

thus  the  factor  is  1  382  55  E~01 

EXAMPLE.  To  find  conversion  factor  of  ^/-in^  to 
kg-m^ 

first  convert  1  oi  to  0.028  349  52  kg 

and  1        to  0.000  645  16  m^ 

th^'n  substitute. 

(0.028  349  52  kg)-(0.000  645  16 

-  0.000  018  289  98  kg-m^ 
thus  the  factor  is  1.828  998  E-05 
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Alphabetical  LUt  of  Unitr  ^ ' 
(SymboU  of  SI  units  given  in  parentheicf) 


To  convert  from 
abampere 

abcoulomb  ... 
abfarad 

ebhenry   

abmho  .... 

abohm  

abvolt  

acre  foot  (US  turvpy)'' 

acre  (US  survey)*^  .  . 

ampere  hour  .... 

are   

angatrom  . 

aatronomral  unit'^ 

atmosphere  ( standard ) 

atmosphere  (technical  »  1  kgf/cm^  ) 

bar  

barn         .  . 

barrel  (for  petroleum,  42  gal) 
board  foot  ... 

British  thermal  unit  (International 

T^able)**    .  ... 
British  thermal  unit  (mean)      .  .  . 
British  thermal  unit  (thermoch^mical) 
British  thermal  unit  ( 39"F) 
British  thermal  unit  (59''F) 
British  thermal  unit  (60  T) 


to 

ampere  (A) 

coulomb  (C) 
farad  (F)  . 
henry  (H)  . 
Siemens  (S) 

ohm  y^)  .  . 
volt(V)  .  . 
meter^  (m^) 
m^ter'  (m') 
coulomb  (C) 


) 


meter  ( m^ 
meter  (m) 
meter  (m) 
pascal  (Pa) 
pascal  (Pa) 


pascal  (Pa) 
meter'  (m') 
meter^  (  ) 
meter'  (m^) 


joule  (J) 
joule  (J) 
joule  (J) 
joule  (J) 
joule  (J) 


watt  per  meter  kelvin  (W/m*K) 


Btu  (International  Table)* ft/h-ft^  -""l 

{k^  thermal  conductivity)  .  ... 
Btu  (thermochemical)*ft/h-ft2  -"F 

{k^  thermal  conductivity)   watt  per  meter  kelvin  (W/m-K) 

Btu  (International  Table)Mn/h-ft'  -^F 

{k,  thermal  conductivity)    watt  per  me'i«r  kelvin  (W/m-K) 

Btu  (thermochemical)*in/h*ft^  -"F 

{k,  thermal  conductivity)   watt  per  meter  kelvin  (W/m-  K) 

Btu  (International  Table)* in/s*ft^  -^F 

{k,  thermal  conductivity)   watt  per  meter  kelvin  (W/m-K) 

Btu  (thermoch«mical)*in/s*ft^*°F 

{k,  thornul  conductivity)   watt  per  meter  kelvin  (W/m-  K) 


Multiply  by 

1.000  000*E+01 
1.000  OOO'E^Ol 
1  000  000*E*09 
1.000  000*E-09 
1.000  00C*E*09 

1  000  000*E-09 
1.000  DOC  E-08 
1.233  489  E'»-03 
4.046  873  E'»-03 
3  600  000*E'»-03 

1.000  000*E*02 
1.000  000*E-"0 
1.496  979  E-*  : 
1.013  260*E*u6 
9.806  660*E*04 

1.000  000*E*05 
1.000  000*E-28 
1  589  873  E-01 
2.359  737  E-03 


1.055  u56 
1.055  87 
1.054  350 
1.069  67 
1  054  80 
}  054  68 


E*03 
E*03 
E*03 
E*03 
E*03 
E*03 


1.730  736  E*00 
1.729  677  E*00 
1.442  279  E-01 
1.441  314  E-01 
5.192  204  E^02 
6.188  732  E^02 


SUnca  1893  the  US  bfttls  of  Uncth  meuurama  !  hu  bMn  daiiv«d  from  metric  tUiuUnlt.  In  1959  •  cm  all  refine- 
ment wee  mjMie  In  the  definition  of  the  erd  to  reeolvc  dlscn»psncles  both  In  thle  country  end  ebroed.  which  changed 
iU  lenfth  from  3600/3937  m  to  0.9144  m  exactly   Thk  reeulted  In  the  new  vslue  being  ihorter  by  two  peite  in  e 

million. 

At  the  esme  time  it  wet  decided  that  eny  data  in  feet  derived  from  end  pubUahed  ai  a  r-uult  of  geodetic  lurveyi 

within  the  would  remain  with  the  old  atendatd  (1  ft  *•  1200/3937  m)  until  further  decieion.  This  foot  is  named 
the  US  aurvey  foot. 

Aa  a  reault  ell  US  lend  meaeuremente  in  US  cuatomaty  unite  will  relate  to  thi  meter  by  the  old  etandard  All  the 
convertion  fee  tort  In  tbeae  teblea  for  uiiltt  referenced  to  thla  footnoU  are  baaed  on  the  US  lurvey  loot,  retber  than 
the  international  foot 

Mnveralon  f acton  for  the  land  meacura  given  below  may  be  detevmined  from  the  following  reUtlonilillM: 

1  leegue  -  3  milea  (exectly) 

1  r  >d  »  16H  feet  (exacUy) 

1  eeetton  «  1  square  mile  (exactly) 

1  townahlp  -  36  equare  milea  (exectiy) 

'^Thit  value  conflirtt  with  the  value  printed  in  NBS  330  (17).  The  value  requlrea  updating  in  NOS  330. 
m 

Thia  a  was  adopted  in  1956  Some  of  the  older  International  Tablet  uae  the  value  1.055  04  E-*-03.  The  exect 
eonvetat.    /ector  la  1  055  055  852  62«E^03. 
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To  convert  from  to 

Btu  (International  Table )/h  watt  (W) 

Btu  (thernnochennical)/h  watt  (W) 

Btu  (thermochemicaO/mjn  watt  (W) 

Btu  (thermochemica))/!  ...           .  watt  (W) 

Btu  (International  Table  )/ft2   joule  per  meter^  (J/m^  ) 

Btu  (thermochemical)/ft2   joule  per  meter^  (J/m^  )  ... 

Btu(thermochemical)/ft^«h   watt  per  meterMW/m' )  ..  . 

Btu  (thermochemical)/ft2«min    ....  watt  per  meter'  (W/m^)  .... 

Btu  (thermochemical)/ft'    watt  per  meter^  (W/m^  )  

Btu  (thermochemical)/in'    watt  per  mete.'  (W/m^  )  . 

Btu  (IntemaUonal  Table)/h'ft^ -"F 

(C,  thermal  conducUnce)   watt  per  meter'  kelvm  (W/m'  -K) 

Btu  (thermochemical)/h'ft^'°F 

(C.  thermal  conductance)   watt  per  meter'  kelvin  (W/m'  -K)  , 

Btu  (IntemaUonal  Table  )/8«ft'.''F  .  watt  per  meter'  kelvm  (W/m- -K  )  . 

Btu(thermochemical)/t.ft'.''F   ....  watt  per  meter'  kelvm  (W/m' -K) 

Btu  (International  Table )/lb   joule  per  kilogram  (J/kg)  ... 

Btu  (thermochemical)/lb   joule  per  kilogram  (J/kg)  . 

Btu  (InUrnational  Table )/lo-''F 

(c.  heat  capacity)    joule  per  kilogram  kelvm  (J/kg-K) 

Btu  (thermochemical)/lb«°F 

(c.  heat  capacity)    joule  per  kilogram  kelvin  (J/kg«K) 

»>u«hel(US)   meter^(m^)     .  . 

caliber. (inch)     ...  ...       meter  (mj    ,  ... 

calorie  (International  Table)       .    .  .  joule  ( J)  ,  .  . 

calorie  (mean)   joule  J)  .  ! 

calorie  (thermochemical)  ...  joule  (J)  

calorie  (15°C)   .  joule  (J) 

calorie  ( 20'' 0)  .    joule  (J)  .  . 

calorie  (kilogram,  International  Table)    .  joule  (J)  ,  . 

calorie  (kilogram,  mean)   joule  (J) 

calorie  (kilogram,  thermochemical)  joule  (J)  

caI(therniOchemical)/cm'   joule  per  meter'  (J/m' ) 

cal  (International  Table)/g   joule  per  kilogram  (J/kg)  ... 

c«l(thernttH;henucal)/g   joule  per  kilogram  (J/kg) 

cal  (International  Table)/g.**C   ...  joule  per  kilogram  kelvin  (J/kg. K) 

cal  (thermochemical)/g.''C   joule  per  kilogram  kelvin  (J/kg-K) 


Multiply  by 

.  2930  711  E-01 

2  928  751  E-01 

1  757  250  E^Ol 

1  054  350  E*03 

1.135  653  E^04 
1.134  893  E^04 
.   3  152  481  E^OO 
.   1.891  489  E^02 
1.134  893  E^04 

1.634  246  E^06 

5.678  263  E^OO 

.  5.674  466  E+00 
2.044  175  E+04 

2  042  808  E^04 

2  326  000*E+03 
2.324  444  E^03 

4  186  800*E*03 

4  184  000  E^03 

3.523  907  E-02 
2  540  000*E-02 
4.186  800*E*00 
4.190  02  E*00 
4  184  000*E*00 

4  185  80  E+00 
4  181  90  E^OO 
4  186  800*E^03 
4  190  02  E^03 
4  184  000*E*03 

4.184  000*E*04 
4.186  800*E*03 
4  184  000*E*03 
4  186  800*E*03 
4  184  000*E^03 


cal  (thermochemical )/min 

cal  (thermochemical)/!  

cal  ( thermochemical )/cm^  'min 
cal  (thermochemical )/cm'  •£  .  . 
cal  (thernM>chemical)/cm«s-''C 

carat  (metric)  

centimeter  of  mercury  (0°C)  . 
centinjefer  of  water  (4°C)  .  . 

centi  poise  

centutokea  


circular  mil 

do  ...  . 

''*'P 

curie 


watt(W)  . 

watt(W)     

watt  per  meter'  (W/m^ ) 
watt  per  meter'  (W/m' ) 
watt  per  meter  kelvm  (W/m-K)  . 

kilogram  (kg) 

paacaf  (Pa)  

pascal  (Pa)  

pascal  second  (Pa*s)  .  .    .  .  . 
meter'  per  second  (m^/s)  .  . 

meter^  (m^ )  .    .  . 
kelvin  meter'  per  watt  (K«m''  /W) 
meter^  (m^)  .  . 

bccquerel  (Bo^ 


6  973  333  E-02 
4  184  000*E*00 
6.973  333  E*02 
4  184  000*E*04 

4  184  000*E^O2 

2.000  000*E-04 
1  333  22  E+03 
9.806  38  K^Ol 
1.000  000*h-o3 
1  000  000*E-06 

5  067  075  E-10 
2.003  712  E-01 
2.365  882  E-04 
3  700  000*E*10 
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To  convtrt  from 


to 


Multiply  by 


c%y  (iMan  lolar)  . 
diiy  (sidmtl)  .  .  . 
d«iprM  (angl*)  .  .  . 

d#gre«  OliiiM  .  . 
dcfTM  c«ntifrad« 
d«crt«  Pahrtnheit 
defr«ft  Fahr«nh«it 
degree  lUnkine  .  . 


•ccond  (s)  .  , 
second  (s> 
raditn  {^^6) 

kelvin  (K)  . 
[see  3.4.2] 
dtfree  Cebius 
kelvin  (K)  .  . 
keivin(K)  .  .  . 


8.640  000  E'*'04 
8.616  409  E'*'04 
1  745  329  E-02 


♦  273  15 


C 
K 
K 


(Np  '32)/1.8 
(fop  ♦  459  67)/l.8 
to^/l  8 


''F-h-ft^/Btu  (Intematioiul  Table) 
(A.  thermal  resistance)  

**F-h.ft'/Btu  (tharmochemical) 
(A,  thermal  resistance)  

denier  

dyne  

dyne*cm  ,  

dyne/cm'  .  .   

alectronvolt  


kelvin  meter^  per  wstt  (K-m^ /W)  .  .  1.761  102  E'Ol 


kelvin  meter'  per  watt  (K«m' /W) 
kilogram  per  meter  (kg/m)  ...  . 

newton  (N)  

newton  meter  (N«m)  

pascal  (Pa)  

Joule  (J)  


EMU  of  capacitance  . 

EMU  of  current  

EMU  of  electric  potential 
EMU  of  inductance     .  .  . 
EMU  of  resistance  

ESU  of  capacitance  .  .  .  . 

ESU  of  current  

ESU  of  electric  potential 
ESU  of  incluctance  .... 
i^SUof  reiisUnce  


farad  (F)  . 
ampere  (A) 
volt  (V)  .  . 
henry  (H) 
ohm(n)  . 

^Lfad(F) 
ampere(A) 
volt  (  V  >  * 
henry  (H) 
ohm  (H) 


1.762  280  E-01 
1  111  111  E-07 
1.000  000*E~05 
1.000  000*E-07 
1.000  000*  E- 01 
1.602  19  E-19 

1.000  000*E*09 
1  000  000*E*01 
1  000  000*E-08 
1  000  000*E"09 
1  000  000*E-09 


1  112  650 
3  335  6 

2  997  9 
8.987  554 
8  987  554 


E-12 
E-10 
E^02 
E*1l 
E+11 


•  •   joule  (J)    1.000  000*E-07 

erg/cm' 'S   watt  per  meter^W/rrtM   1.000  000*E-03 

«rg/s   watt  (W)    .    1.000  000*E-07 

faraday  (based  on  carbon  12)   coulomb  (C)   9.648  70  E*04 

faraday  (chemical)   coulomb  (C)   9.649  57  E*04 

faraday  (phyiical)   coulomb  (C)   9.652  19  E*04 

favhom    meter  (m)   1  828  8  E*00 

fermi  (femtoroeter)   meter  (m)    1.000  000*E' 15 

fluid  ounce  (US)   meter^  (m^)   2.957  363  E-05 


foot   meter  (m) 


foot  (US  survey)^ 
foot  of  water  (39.2'' F) 


.    .  .      .  meter  (m)  .  . 
....     pascal  (Pa)  . 
ft'    meter^  (m^ 


ft'/h  (therma!  diffu»ivity) 


ft'/s 


.  .  3.048  000*E-01 
3  048  006  E'Ol 
.  .    .  .  2.988  98  E'*'03 
.    .     9.290  304*E-02 
.  .  2  580  640*E-05 
meter'  per  second  (m'/s)   9  290  304*E^02 


meter'  per  second  (m'/s) 


ft  (volume;  section  modulus) 


metcr^  (m^)   2.831  685 


ft^/min    meter^  per  second  (m%) 

ft^/s    meter^  per  second  Cm ^/s) 

ft*(moment  of  section)'*   meter*(m*) 


4  719  474 
2.831  685 
8  630  975 


E-02 
E''04 
E-02 
E-03 


ft/h   meter  per  second  (m/s)  .      .  .    -    .  6.466  667  E-05 

ft/min   meter  per  second  (m/s)   5.080  000*E-03 

ft/a   meter  per  second  (m/s)   3.048  OOO^^E'-Ol 

ft/i^                                     .           .  meter  per  aecond^  (m/s')   3.048  000*E-01 

footcandla    lux  (Ix)    1.076  391  E*01 

footlambert    candela  per  meter'  (cd/m')   3.426  2r9  E-^OO 


Thi»  to  iomciimei  called  tti«  momtnt  of  inwtis  of  «  pUn«  Mctioa  about  a  tptvift^d  Mit 
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To  convert  from 


to 


Multiply  by 


  ioult(J)   1.365  818  E^OO 

^'^Wh   wttMW)    3.766  161  E-04 

ft-Ibf/min    wttt(W)    2.269  697  E-02 

'^•^W/i    Witt  (W)    1.365 

ft.pound.1   joult(J)  4.214  011  E-02 

frM  fall,  lUndtrd  U )   mtter  per  lecoiid' (m/i' )   9.806  660*E*0a 

  meter  per  i«!ondMin/i')   1.000  000*E-02 

fallen  (Canadian  liquid)    meUrMm^)   4  646  090  E-03 

fallen,  UK  liquid)    meter^  (m^)   4  646  092  E-03 

fBllon(USdry)  neter^  (m')   4.404  884  E-03 

faUon( US  liquid)    meUr^  (m^)   3.788  412  E-03 

fal(USIiquid)/day   meter^  peraecond  (m'/i)   4.381  264  E-08 

fal  (US  liquid )/min    meUr^  peraecond  (m*/a)   6.309  020  E-06 

fal  (USIiquid)/hp-h 

(SFC.  ipeciflc  fuel  conaumption)   meter^  per  joule  (m^J).   1.410  089  E-09 

^™   teala(r)   1.000  000*E-09 

\   teala(T)   1.000  000*E-04 

^}Jrl^^\ ■'"P«'f    7.967  747  E-01 

^    meter^(m^   1.420  664  E-04 


0rad  

frad   

frain  (1/7000  lb  ivoirdupoia)  . 
frain  (lb  avoirdupoia/7000)/fal 
(US  liquid)  


  1.182  941  E-04 

degree  (angular)   9.000  OCO'E^Ol 

radian  (rad)    1.670  796  E-02 

kilogram  (kg)    6,479  89l*E-05 

kilogram  per  meter^(kg/m^)   1.711  806  E~02 


gram  

g/cm^   

gram-force/cm^  

hectare   

horsepower  (650  ft-lbf/i) 


horsepower  (boiler)  . 
horsepower  ( electric ) 
horsepower  (metric)  . 
horsepower  (water)  . 
horsepower  (U.K.)  . 


hour  (mean  solar)     .  .  . 

hour  (sidereal)  

hundredweight  (long)  . 
hundredweight  (short)  . 

inch  

inch  of  mercury  (32"?)  . 
inch  of  mercury  (60 ""F) 
inch  of  water  (39.2^F) 
inch  of  water  (60''F)   .  . 


in  (volume;  section  nnodutus) 


in'^/min 


kilogram  (kg>   1.000  000*E-03 

kilogram  per  meter^  (kg/m^)   1.000  000*E'^03 

P«»c*i(Pa)   9.806  660*E'^01 

meter'  (m^)   1.000  000 *E<^04 

wett(W)    7.456  999  EH)2 

w«tt(W)   9.809  50  E*03 

watt(W)   7.(160  000*E<» 

wttt(W)    7.4^4  9fl 

watt(W)   7.46?rM.  E*02 

watt(W)    7.467  ^^S£t02 

second  (s)   3.600  |U0  E'^O? 

second  (s)   3.690  170  E*03. 

kilogram  (kg)   5.080  236  E*Ot 

kilogram  (kg)    4.635  924  E*Oi  -< 


met«  (m)  . 
pases]  (I^a) 
pascal  (Pa) 
pascst  (Pa) 
pascal  (Pa) 


2.540  000*E-02 
3.386  38  E'^03 
3.376  86  £^^03 
2.490  82  £^^02 
2.488  4  E*02 


(moment  of  section)'' 


meter  (m^)   6.461  600«E'04 

meter  (m  )   1.638  706  E-06 

meter^  per  second  (m%)   2.731  177  £-07 

meter*  (m*)   4.162314  E-07 


in/s  .  . 
in/s^  . 
kayscr 
kelvin 


meter  per  second  {mU) 


2.640  000«E-02 
02 

1  per  meter  (1/m)    1.000000*l>02 


meter  per  second^  (m/s' )   2.640  000  9S 


degree  Celsius 


273.16 


^  TiM  4ssct  eonvmlon  factor  is  1  631  706  4*E-05 
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To  convert  from 

kilocalorie  (International  Table) 

kilocalorie  (mean)  

kilocalorie  (thernH>chemical)  . 
kilocalorie  (thermcchemical)/min 
kilocalorie  (thermochemical)/s  .  . 


joule  (J)  , 
joule  (J)  . 
joule  (J) 
watt  (W) 
%vttt(W) 


Multiply  by 

4  186  800*E*03 
4  190  02  E*03 
4.184  OOO^E't'OS 
6.973  333  E-t^Ol 
4  184  000*E*03 


kilogram-force  (kgf) 

kgf»m   

k;^i*s^/m  (mass) 
kgf/cm' 
kgf/m^ 
kgf /mm  ^ 


km/h  . 
kilopond 
kW'h 

kip  (1000  Ibf) 
kip/in^  (ksi)  .  . 
knot  (international) 

lambert  ^ 

lambert 

langley 

league  .  .  .  ,  , 

light  year 
liter''       .  .. 

maxwell  . 
mho 

microinch 
micron 

mil  ... 


mile  (international)  . 

nule  (statute)  . 

mile  (US  survey)'^ 

mile  (international  nautical) 

mile  (UK  nautical)  ... 

mile  (US  nautical) 

mi^  (international) 
mi^  (US  survey)'^ 
mi/h  (international)  . 
mi/h  (international) 
mi/min  (international) 
mi/s  (international) 

miililMir 

millimeter  of  mercury  (0"C) 
minute  (angle) 
minute  ( mean  iolar) 
minute  (iidereal)  ,  . 

month  (mean  calendar) 


newton  (N)   9.806  650*E't>00 

newton  meter  (N*m)    9.806  650*E*00 

kilogram  (kg)  .    9.806  650*E+00 

IMtfca!  (Pa)   9.806  650*E*04 

pascal  (Pa)   9.806  650*E+00 

pascal  (Pa)   9.806  650*E*06 

meter  per  second  (m/s)    2.777  778  E-01 

newton  (N)   9.806  650*£i>00 

joule  (J)   3.600  000* E+06 

newton  (N)   4.443  222  E+03 

pascal  (Pa)   6.894  757  E+06 

meter  per  second  (m/s)   5.144  444  E-01 

candela  per  meter^  (cd/m^)  1/n  *E'*'04 

candela  per  meter^  (cd/m^)  .    .      .  3  183  099  E*03 

joule  per  meter^  (J/m^  )   4  184  000*E*04 

meter  (m)  footnote  12] 

meter  (m)   .  9  460  55  E+15 

meter^  (m^)   1  000  000*E-03 


oersted   

ohm  centimeter  ,  . 
ohm  circular-mit  per  ft 


weber(Wb)  . 

Siemens  (S)  

meter  (m)    .  .  .... 

meter  (m)    .  .... 

meter  (m)  . 

meter  (m)  .   

meter  (m) 

meter  (m)  

meter  (m)  

meter  (m)  ... 
meter  (m)  . 

meter^  (m^)  .    .  .  . 

meter^  (m^)  

meter  per  second  (m/s) 
kilometer  per  hour  (km/h) 
meter  per  second  (m/s) 
meter  per  second  (m/s)  . 

pascal  (Pa)  

pascal  (Pa)   

radian  (rad)  

second  (s) 
second  (s) 
second  (s)    .  . 

ampere  per  meter  ( A/m)  . 
ohm  meter  (H^m)     .  .    .  . 
ohm  millimeter^  per  meter 


1.000  000*E-08 
1.000  OOO^E-i-OO 
2.540  C00*E-08 

1  000  000*E-06 
2.540  OOO^E  05 

1.60P  344*E*03 
1.609  3  E'1'03 
1.609  347  E+03 

1.852  000*E'i>03 

1.853  184*E*03 
1.852  OOO^E-i-Oa 

2  589  988  E'*'06 
2.589  998  E*OS 
4  470  400*E-01 
1  609  344*E'i>00 
2.682  240*E'i>01 
1.^09  344*E*03 

1  000  000*E'i>02 
1  333  22  E*02 
2.908  882  E-04 
6  000  000  E*01 
5.983  617  E-i-Ol 
2.628  000  E'*'06 

7.957  747  E+01 
1.000  000*E-02 


(n«mm^/mj   _    .   1  662  426  £-03. 


In  1964  the  Gentril  Conferanc*  on  W«tchtt  and  Meaturet  adopted  the  lume  Uter  as  a  tpecla'  name  for  the  cubic 
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To  convert  from 

ounce  (avoirdupow) 
ounce  (troy  or  apothecary)  . 
ounce  (UK  fluid)  .  . 
ounce  (US  fluid) 

ounce-force   

oz(*\n   

oz  (avoirdupois)/gal  (UK  liquid) 

oz  (avoirdupois)/gal  (US  liquid) 

oz  (avo]rdupoia)/in^ 

07  (avoirdupois)/ft^ 

oz  (avoirdupois)/yd^ 

paraec'^ 

peck  (US) 

pennyweight  .  . 

perm(0''C)  . 

perm(23°C) 
perm*in  (0°C) 
perni'in  (23°C) 


phot 

pica  (printer  s) 
pint  (US  dry) 
pint  (US  hquid) 
point  (printer's) 
potse  (alnoiute  viscosity) 

pound  (ib  avoirdupois)**  .... 
pound  (troy  or  apothecsry) 
lb*  ft^  (morrent  of  inertia) 
lb*in^  (moment  of  inertia) 

)b/ft*h 
Ib/ft-s 
»b/ft2    .  . 

\bffO  ... 
Ib/gaM UK  liquid) 
Ig/gai  (US  liquid) 

Ib/h 
Ib/hp-h 

(SFC,  specific  *'uel  consumption 

ib/min  .  . 

Ib/s 
Ib/yd^ 

poundal 
poundal/ft^ 
poundahs/ft^ 

pound  force  (lbf)>' 
Ibf.ft 
Ibf.ft/in 
Ibf-in 
lbf*in/in 
Ibf.s/ft2 

s  _^ 

The  txact  convcraion  ffcclor  i<  4  535  923  7»E  01 


to  < 

kilogram  (kg) 
kilogram  (kg) 
meter^  (m^) 
meter^  (m^) 
newton(N) 
newton  meter  (N*m) 

kilogram  per  meter'  (kg/m^) 
kilogram  per  meter"'  (kg/m^) 
kilogram  per  meter^  (kg/m^) 
kilogram  per  meter^  (kg/m^ ) 
kilogram  per  meter^  (kg/m^ ) 
meter  (m) 
meter^m^) 

kilogram  (kg) 

kilogram  per  pa&cal  second  meter^ 

(kg/Pa. s-m') 
kilogram  per  pascal  second  meter^ 

(kg/Pa-s-m^  

kilogram  per  pascal  second  meter 

(kg/Pa's«m) 
kilogram  per  pascal  second  meter 

(kg/Pa«s«m) 

lumen  per  meter^  (Im/m^) 
meter  (m) 
meter^  (m^) 
meter^  (m') 
meter  (m) 

pascal  second  (Pa  •  s) 

kilogram  (kg)  . 
kilogram  (kg) 
kilogram  meter^  (kg*m^) 
kilogram  meter^  (kg*m^) 

pascal  second  (Pa*s) 
pascal  second  (Pa*s) 
kilogram  per  meter^  (kg/m^ ) 
kilogram  per  meter^  (kg/m^  ) 
kilogram  per  meter  ^  (kg/m* ) 
kilogram  per  meter^  (kg/m^  ) 

kilogram  per  second  (kg/s) 

kilogram  per  joule  (kg/J)  . 
kilogram  per  meter^  (kg/m^) 
kilogram  per  second  (kg/s) 
kilogram  per  second  (kg/s) 
kilogram  per  meter^  (kg/m^ 

newton  (N) 

pascal  ( Pa ) 

pascal  second  (Pa«s) 

newton  (N) 

newton  meter  (N«m) 

newton  meter  per  meter  (N«m/m) 

newton  meter  (N*m) 

newton  meter  per  meter  (N«m/m) 

pascal  second  (Pa<$) 


Multiply  by 

2  834  952 

3  110  348 
2  841  307 
2  957  353  £"05 


E  02 
E-02 
E-  05 


2  780  139 
7  061  5S2 

6  236  021 

7  489  152 
J  729  994 

3  051  517 
3  390  575 
3  085  678 

8  809  768 


01 
03 


E+00 
E+00 
E+03 
E  01 

E-02 
E+16 
E-03 


1  555  174  E-03 

5  721  35  E-11 

5  745  25  E-11 

1  453  22  E  12 

1.459  29  E-12 

1  000  000*E+04 

4  217  518  E  03 

5  50S  105  E  04 
4  731  765  E  04 

3  514  598*E-04 
1  JOO  000*E  01 

4  535  924  E-01 

3  732  417  E  01 

4  214  Oil  E-02 
2.926  397  E-04 


4  133  789 
1  488  164 
4  882  428 
1  601  846 
9  §77  633 
1  198  264 


E-  04 
E+00 
E+00 
E+01 
E+01 
E+02 


1  259  979  E-04 

1  689  659  E-07 

2  767  "90  E+04 
7  559  873  E-03 

4  535  924  E  Ol 

5  932  764  E-01 

1  382  550  E  01 
U88  164  E+00 
1  488  164  E+00 


00 
00 


4  448  222 
1  355  818 

5  337  866  E+01 
1  129  848  E~01 
4  448  222 
4  788  026 


00 
01 


19 

The  exact  conver»k>fi  factor  it  4  448  221  t'15  iSO  b*E*00 
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To  convert  from 

to 

Multiply  by 

Ibf/ft 

Ibf/ft^ 

Ibf/in 

Ibf/lb  (thrust/ weight  [mass]  ratio) 

newton  oer  meter  (N/m) 
pascal  (i^a) 

newton  per  meter  (N^m) 
pascal  (Pa) 

newton  per  kilogram  (N/k^> 

1  459  390  E+01 
4  788  026  E+01 
1  751  268  E+02 
6  894  757  E+03 
9  806  650  E+00 

quart  (Us>  dry)          .  ... 

quart  (US  liquid)  . 

rftd  (radiation  dose  absorbed)  . 

rhe   

rod  .        ,  .      .  . 
roentgen   

meter^  (m^) 
meter^  (m^)  .  . 
'  gray(Gy) 

1  per  pascal  second  (1/Pa*s) 
meter  (m) 

coulomb  per  kilogram  (C/kg) 

1  101  221  E-  03 
9  463  529  E-04 
1,000  000*E-02 

.    I'OOO  000*E+01 
[see  footnote  12  j 

,2  58          E-  04 

second  (angle) 
second  (sidereal) 

shake5^~ 

radian  (rad) 
second  (s) 
meter  (m  ) 
second  (s) 

.   4  848  137  E-06 
9  972  696  E  01 
(see  footnote  1 2 ) 
1  000  000*E"08 

stug/ft-8 

ilug/f  t^  ,  

kilogram  (kg) 
pascal  second  (Pa-s) 
kilogram  per  meter^  (kg/m^ ) 

1  459  390  E+01 

4  788  026  E+01 

5  153  788  E+02 

stata  mpere 

statcoulomb        .  ,  . 
■tatfarad 
stathenry 
statmho  

ampere  (A) 
.  coulomb  (C) 
farad  ( F) 
henry  (H) 
Siemens  (S)  ^ 

3  335  640  E-10 
3  335  640  E~10 
I  112  650  E-12 
8  987  554  E+ll 
1  112  650  E-)2 

statohm  . 

statvolt  

stere  ... 
fctilb  .... 
stokes  (kinematic  viscosity) 

ohm  (12) 
volt  (V) 
mMer^  (m^  ^ 

candela  per  nater^  (cd/m^ ) 
metfr^  per  second  (m'^ys) 

8  987  554  E+ll 
2  997  925  E+02 
1  000  ()00*E+00 
1  000  000*E+04 
1  000  000*E~04 

tablespoon 

teaspoon 

tex 

therm               .  . 

meter^  (m^) 
meter^  (m^ ) 

kilogram  per  meter  (kg/m) 
joule  (J) 

1  478  676  E-05 
4  928  922  E-06 
1  000  000*E-06 
1  055  056  E+68 

ton  (assay) 

ton  (long,  2240  lb) 
ton  (metric) 

ton  ( ruclear  equivalent  of  TNT) 
ton  (refrigeration) 
ton(reguter) 

kr.ogram(kg) 
kilogram  (kg) 
kilogram  (kg) 
joule  (J) 
watt(W) 
meter^  (m^)  . 

2  916  667  E-02 
1  016  047  E+03 

1  000  000*E+03 

4  184  E+09^^ 

3  516  800  E+03 

2  831  685  E+00 

ton  (short,  20001b) 
ton  (long)/yd^ 
ton  {short )/h 

ton-force  ( 2000  Ibf )                      .  , 
tonne 

kilogram  (kg) 

kilogram  per  meter^  (kg/m^ ) 
kilogram  per  second  (kg/s) 
newton  (N) 
kilogram  (kg)  . 

9  071  847  E+02 
1  328  939  E+03 
.     2  519  958  E-01 
8  896  444  E+03 
1  000  000*E+03 

torr  (mm  Hg,  0°C)  . 

towrtship  

unit  pole  

W-h  

W-a  

W/cm^  .  .  . 

W/in'  

.  pascal  ( Pa )  . 

meter^  (m^ 

weber  (Wb) 
.  joule  (J) 
.  joule  (J)  .  , 

watt  per  meter^  (W/m^ ) 
.  watt  per  meter^  (W/m^) 

1  333  22  E+02 
[see  footnote  12) 

1  256  637  E-&7 
3.600  000*E+03 
1,000  000*E+00 
1  000  000*E+04 
1.550  003  E+03 

Oefintd  (not  m«Muircd)  vslu« 
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To  convert  from 

yard 

yd 

yd  /mm 

year  (calendar) 
year  (sidereal) 
year  (tropical)  ^ 


to 


meter  (m) 
meter^  (m^) 
meter^  (m^) 

meter^  persecond  (m^'s) 


second  (s) 
wcond  (s) 
second  (s) 


Multiply  by 

9  144  000*E-01 
8  361  274  E'Ol 
7  645  549  E  Ol 
1  2.74  258  E-02 


3  153  600  E+07 
3  155  815  E+07 
3  155  693  E^07 
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